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LETTER FROM Iy i

potential of our most

THE EDITOR valuable resource: our

next generation”
Dear Readars,

I ig with greatl pride and excitement thal we present to you the inaugural issue of the
Sustainabla Veslon Academic Jowmnal, This journal is mare than just & callection of research
papers: it ks a testamont to our commitment to fostering academic pxcellence and empowering
the young minds of graduate stodents in dovsloping nations.

At the Jacquelyn Jesting Sanders Foundation, we firmly bellewe that the key to sddressing the
myriad challenges faced by developing countries lies in karnessing the patential of their mast
valuable resoures: he nexl genaralion. Graduate sudents, with their Treah perspectives,
inovative ieas, and unbridled anthusiasm, s unigueely posiEmed (o spearhead rasamrch that
cisn load 1o transformative sedutions. Our missson is to support these beight minds by providing
the resources, puslance, and platfcims thay nesed 1o sutceed,

This pournal & one of the many feols we are doveloping to advance our mission. Through the
publication of high-quality, pser-reviewed resosnch, we aim to facilitate the exchange of
knowladgs, promate interdizsiplinary collaboraton, and inspere 8 new generation of scholars
and practitiomers dedicaled 10 making a poaileg impasl on thar communitios and beyond

In thes insugural issee, you will find a diverse arcay of arlicles thatl address critical issues
ranging Treem susisnable development o oll-grsd echnology, Each papes has bean
maticulcusly selected for s relevance, rigor, and petential to contribute meaningfully to
doveloping nalions in need of solutions. We are immensely proud of the work presented here
and confident that it will fpark valusble decussions, inspire Turther research, and ultimatsly
contribute to the development of Innoyative solutions

We extend owr heartfell gratitude to the authors, reviesers, and editoriol board members who
have worked tirelessly to bring this journal to Ufe. Thesr dedication and expertiza are the
foundation wpon which this publication stands, We alsp thank our readers for their intorest and
support. IE is your engagement thai drives us 1o continue striving for excellence.

Az we embark on this rew fourney, we myvite you te join us in eur misskon. Together, wa can

ampower the next genaraticn of scholars, tackle the challenges faced by devwloping nations,
and build & brighier future for adl.

Sincerady,

W@GMQ

With gratitude and determination,
Ky Coman

Sustainable Vision Joumal Y H JESTINE
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Foreword

Welcoma 1o the 2024 editlon of the lnoguelyn Jestine Senders Foundatlon Sustaimable Vision
Academic Journal. This year's publication narrates tha innovative cancegd the Foundation has
bepn rigorously 1estng: engaging uniarsily students with real-world problems o illusteate thair
capability in addressing teday's pressing challenges. especially when encouwraged and supported,

In 2024, the Foundation parinerad with the University of Antananarisa i Madagascar o tackle a
critical issue: the chronic water infrastructure problems plaguing the university, The 35000
Hludents studying and residing thara have tong suffered from severe water shorlages. leading 1o
traguant demansirations, seme of which have escalaied inbe Tines and property destmuction, Thia
yaar saw a particularly polgnant incident where frustrated students damaged empty water
slorage confainers. highlighting the urgency for & sustainable and economical solution.

Recognizing the potentind of young mingds, the
Foundation embarked on an ambitious praject.
We aztpmbled 15 gratuate student Tellows
from theee local universities. granting tham

fellowships fo analyre and address the water
crigis with the hope of developing acitssnable
plane that could attract NGO or gowernment
Tuntding far implemaentation in the near futuse.
These lellows, supported by external ressarch
from miernational correspondents scross five
couniries, dilligently explored technical sad
siratagic salubieng over the first s months of
2024

& significant achepvoment of this initiative has
been  the guarterly publication of  tho
"Sustasnable Vigsalm  Bournal” & erecisl
communication fool for owr  Tellowship
participanis. Through this jowmal, we share
Ingights, pogress, and learmngs from  the
project, fostering @ collaborative environment
that bridges scademic research and peactical

G pdemie Biudgent Fellows from 1hes Unsvessity of Ardpnanarsno

application.

The goals of the Foundation are mudtifacetod,

We aim 1o demonstrate o global university e @

communitees that nvolving students in essential JACGUELYM JESTINE
infrastructure planning is a powerful way to mm‘;‘___

tramsition tham Iegm academia 16 impactiel

carears. The prede and sanss of rasponsibility

the fellows experitnce in contributing 10

natsonal solutons ore irdaluable, Moraosar, wa Far inguerees o 16 ihare Tredbck pleaes weite
beliows  that presenting these moal-world o indodacquetynsande rsliousd ssion org
problems 1o students and Enwviting their ideas

can lead to innovative and wipble splutspng,

Cur vigion extends beyond Madagascar. 'We aspire (o see this program replicated in universities
worldwide, promoting geod practice without seeking ownership, Our instiatkeas in 2024 included
also reforestation collaborntion with schools in Kenya, Invelving youngaer studanis in planting and
cloning trees. This iz another lestament to the Foundation's commifment o sustainable
devalopmeant and youth empowearmaent,

This journad profiles the experiences and cutcomes of the 2024 Ressarch Fellawships, ssrving oz
an inwitateon for other wniversities to follow and enhance ihis project model, We believe in tha
transformative power of student engagement and arg sxcited to share our journay and inslghts
with the global academic community.
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Overview of the 2024 Academic Compilaticn

This year's Susfainoble Wesion Academic lowrnal weaves fogether a
comipsalling narrative of research, innowvation, and collabaration, all aimsed at
addressing the urgent water challenges at the University of Aniananariva,
Rocted in the engaged scholarshép model chamgploned by the lacquelyn
Sanders Foundaticd, the complaton refesis the tireless elforts of
Graduate Fellows from beading Malagasy undvorsitios, supportod by
imternationa] expertise.

The jpurnad begins with Fellowship-Lod Research in Antananarive, whore
Graduate Fellows explore the chionic water shortages faced by the
umiversity. Each research document is  wnirodeced with feflective
commantary, conmecting the findings to a larger academic framework and
underscoring the relevance of sustainable water selutions tallored 1o local
meeds.

Folleaving this, the journal delves into a Comparative Analysis of ‘Water
Saluticns in Alrica, prosnding Bn acadamic axaminaton & similar initiatives
ocross the contimemt. This seciion asks critical guestions: How  have
wetlands, agrolorestry, and permacultore systems succesded in other
regions of Alrica? How might these solutione be adapted Tod Madsgascas?
The analysis underscores the patential for scalable, nature-bnsed salutians.

A piwolal section highlights Supparting Research Documents Sponsorad by
thiz Foundation, of fering commiss:aned studies that emphasize the efficacy
of natwral solutions. These documents reinfarce the argument far using
wetlands and agroforestry systems a5 Rey componanis o  waler
management in Antananarivo, presenting aovidence from succassful cose
sludies warldwide,

Pratotyping and Engineering Insights from Germany showcase hands.an
pxperimentalian with the proposéed solutén Detaded accomnis af the
prodofyees construction process, incledeng the challenges of solacting
mafural versues synthetic liners, offer voluable engineering insights. Thoesa
practical findngs serva a8 8 Bloeeprint for scaling the =olution in
Madagascar, provkimg cruchal guldance for fudure implementation

Throwghoul he shinodus teey pages o aach recearch report, Reflactions and
Recommandations for Fuluro FPhases are woven in gflarng ongaing
insights inla the successes and challenges encountered. These reflections
provide a readmag for refining and replicating the program, ensuring that
future-afforts build an the lessons learmed.

The journal alao Meslures savarsl key appendicas, including:

= A Reprint of ARAFA's 2021 Waork, which lald the groundwork for the
current researche

a  Wnetial Quality Testing of the Protatype Filted, oftering aaely dala on 11e
afficacy,

a A& Compelling Letter of intent from the University of Antananorive
Pragident, axpressing the mstituticn’s commilmant 1o smgleman ing 1ha
Garden of Eden Model on campus,

Togethar, these seclions tell & powerful stoey — ol only of Bcadermis
resoarch ond practicad innovation = but of hope and commitment to building
botter mirastructure where it s most nescded. The work presented in this
volummea 8 both B testament 10 the progress sohigyved and & Begoon for
tuture sustainable devalopmant,
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Editorial notes on Mr. Finarch's Research of Intercropping with Rice / Rice Permaculture

Mr. Finarch undertook an ossantial sEudy on (he practicality of intarcropping with rice, & fopes
that hoelds significant relevance for the water management challenges faced by the Wniversity of
Antananarivo. e agricullure s notenously water-intensieg, and with the undsersity dedicating
approximataly 10 1o 15 acres o rica cultivation, onderstanding and oplimizing waier use is
critical. Matably, this yoar, the undeorsity is also conducting resaarch to test new rice sirains from
Japan, indicating its deep investment in this staple crop,

Madagascar, as o whele, is heavily rellant on rice agricultune, but this practice consumes an
incrdinate amount of water, The fellowship team found that all stormwater on the wiversity
grounds flows into the rice fields, where it either infilirates the groundwater or exits the site
antirely. This practice reflects the cultural norms I Madagascar, where tho ralny seascn brings
deluges of water that often lead to flooding and a desperate need for channels to camry tha
oHcess waler away. In many inslances, this water is directed fo central areas wsed for rice
production.

For the University of Antananarive, which struggles with seveno water shortages for much of tha
waar, this iraditional approach 10 waler mandgemant i problamatic. The hellvwship team closaly
axamirgd the poiential tor revisng how waler 15 managed in relation 19 tha rice fields to
maimiza the use of avadlable water, Mr, Finarch was specifically tasked with evaluating methods
to reduce avaporation losses, This imestigation led 1o the consideration of intercroppéng as a
Blrategy o improse waler management &nd polenlslly anhanss agricultieral ouleoemes
econamically.

Intercropping. along with related praclices such as rice permacul ture and agroforesiry, emerged
A8 promwsing anoas Tor further regeanch, by, Finarch's aludy underscores [ha conmeciion betwean
rece agricilture and pormaculture ai the university, linking the issue of waler management Eo
broader concerms af rain retention and water siorasge. By integrating these practices. the
unmivergity coubd nat only address its waler shoriages bul aleo improse e sustainability and
prociuctivity of its rice agricul tura,

The overarching need for improved water use at a national level in Madagascar, especially
concerming rica agreculture, cannot b overstated. While rice remains a staple of the diat, thera
are growing opportunities to enhance its cultivation through bettor water management practices.
The saoperisnce in Asia, whore intercropping of roe has proven productive on many leesels,
provides p compelling modal, M'ihﬂ"..lﬂh rice parmaculiure hes yat o gain widespraad racton in
Africa, iis potentlal benefits suggest that its time has come. Adopting such Innosativa
agricultural technigues could help Madagascar achiove better yields and more efficient water
use, ancurmg the long-arm cwestaenabelity of Both ils agrcul iure and walar resources,

The following article by Mr, Fmarch delves despor into these topecs, axploring the relatienship
between rice agriculture and water managemant at the University of Anlananariva. His research

affers valusble insighis into how mlercrapping and other sustainabla practices can be employed
to enhance water use efficiency and support the unsversity’'s sgriculiural and environmsantal

goals.
JACQUELYHN JESTINE
J ]{"‘ SA.HDEH‘EFnUHDA'ﬂﬂH
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The Universily of Antananarivo, initially known as tha
Univessity of Madagascar, was asiablished in 1961 in
the Ankatso digirict, approdemately 2 km from the
cily. This campus houses various ploiz of land that
sarel a8 ecxparimental fields for siudents in tropicsl
agriculture and sustainabde develcpment at Ecols
Supérieurs des Sciences Agronomiques [ESSA),
Currenily, ihese studeniz are  focusing  on
implamenting innovative techniques such as PAPRIz
and P-Dipping. originating from the Fy Vary project,
funded by the jJapanese government.  Thess
technigues are implemantad in coliaboratbon with tha
Mintstry of Agriculture and Livestoch

In addition 1o educalonal activities. the surounding
agricultural lands are also wiilized by local fanmers,
Theta lands ara krrigated from two maln sources: tha
region’s groundwater reserves and runalf waber,
particutarly during the summer sesson. Specially
desligned channels chamnel nmotf water to the rca
fietds, significanily condributing to crop irrigation,
The surrcundings also include ponds for squaculbue,
green leaves and cassava fields. Tha layout mnd
organization of all these pgricultural arees are claarly
depicted In & series of provided photos, providing a
batier understonding of 1ha  strecters and
managemsant o farmland near the university,

1I5F Failow

FINARCH, Radatra Teiasmbanavalona
Graduare. Pelrodoim Enginegring
Polviechnigue (X&ntananarivo
Wirrllen: May 2024

Introduction

The Undversity of Antananarive stands at tho
forafront  af  agriceltural  inncwvation and
sustaimability in Madagascar. Beyond ifts academic
pursuits, the uneversity’s Ccampus SoTWEs as a
dynamic hub where theory mests  practice,
particularly in the reéalm of agriculturad cul tivalian.
The integration of surrcunding agricultwnal lands
nio its educatiomal framesork not only provides
studenis with invaluable hands-on experiencs but
alza fosters collaboration with local farmers and
governmen! agencies. In this intreduction, we
delve info the rich fapestry of agricultural
aclivitins occurring within and  oround  the
university, exploring how these  ondeavors

contribute ta both academic excellence and

communily development.




L. Study frena

Tha University of Antananarive was founded in 1961,
peiginally Enown as the Unversaty ol Madagascar. |t
is located approxemately 2 km Tram the cily, in a
called Ankatzo. (RAZAFIMAHATRATRA,
AMDRIANTSIFERAMNA, 2024) This iz whers there are
plots of lend divided inte two sections: one 5 just
scuth of the Higher School of Agronomic Sciences,
and the other is near the Ankatso foothall feeld. I

district

you wanl te ses how fo get there, take a look at
Figuwre 1: it shows the map and the path 0 access
thsa sy arans

1.1 Cultivation plet near Eecle Supdriesre des
Sciwnces AgRronomipues

L1.1 Existing studies

n the plots of land near the Ecole Supérieurs des
ATonomadues [ESSHA),
spacializing n Trogecsl Agricullure and Suciamabds

Siiencas Fludenis
Development are engaged n experimants, They are
currently testing a combination of techniques called
PAPRIz and P-Dapping, deérived from the Fy Vary
project. This project, funded by the laganese
govemnment  through  international  coaperation
agencees, is implemonted in collaboration with the
kanistry of Agriculture and Livestock, Students thus
hawe tho opportmity to pul thoso techniques into
practice on five vareties of rice, including FOFIFA
0L X265, and the new Fy Vary 32 and 85 varietios
iNawalona, 2024) Figura 2 lllusirates the rice fislds

af thesa rice varsss,

MAFP
OF
ANRATSO
UNIVERSITY
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Figguna & i ch Beod Laboratony Fald 92 E534,
Frerio Crslit FIRNART H, Fafairn Tesmbansaiona

1.1.2 Crap Plot mear ESSA

The other rice fislds and wegetabla cultivation
fields are operated by local farmers. Al these
fields are irrigated using groundwater resarves
froen the region It only requires digging aboul a
matar (o access these reserves. as the ground
lewel 18 quite low, An example of thes type of
diggang con be Sfen in Figehe 3 carried cul by
one of tha farmers.

Fagura & oty sesd sl 'Soate L (e Frelda
oo Credis FEhARTH

Curing the summer, runolf water plays 8 significant
rodi bn irrignting the rice fields, Two canals have bean
specially constructed for this purpose. Raifmwaler,
transformed inte runoll water, (8 drained 10 a large
arga, from where it is directed into thees two canals
You can see these canals in Figura 4.

Figirg & Sliemwyiae Fuml I g roubed 0o the R Fuslos Dons 1l

Phain CradiE FIMARCH

To the egst of tha rca Tiplds, there are some ponds
[see Figure 5} where other farmers practice
pfuacul e, Additionally, théere are cassava Nelds
real b the rice Tields, whish you can ced in Figure G

Figura [ Enateg Lagoons in1he Boe Falds
Phestn Credi e FIMARCH

Fugure B Canaren St moo | Boo Fodkdy
Phaphn Credeiz FIRARCH




*Tone1-The Crop Plots near ESSA”™
Absolutely, le1"s 1ake a lsok at the plan in Figure T 10 get an averview of all the mentioned crogs so farn.

This will halp us batter understand 1he Layout of the area.

[ oguoahe

| P by bl 15 gL RN |

Flam= i e mae o e Pl

Figpare T: Zone | - Plan of cullivafed plod noor ESSA
Cormpeled Créafic FIMARCH - assiscsnos fesm Googls Earth




1.2 Agricultural lands mear the Ankatso foothall fiald {Zone 2)

Thera arg two aneas of agriculteral band locoted sowthwest and east of the Ankatso football field Youw can
spat them in Figure 8.

Zone 24,

| agirals

Mo skl Lot lersd Pl

Figu & Zora 2 - Cul tvafed plots nesr tho Ankatso focshall fiekd
Compdad Crache FINGRCH - ssdiitiecd brom Googks Enrth

1.3 Dapth to Water in Zone 2

The cultivetion plots 1o the southwest (fone 21 ane
rrigated solaly from water poinis 10 maintain the
irrigaiion system in place. An exsmplbe of these shallow
waler spurce i8 illusirated in Figure 9

Figure & Zore 2 degih lowador
PEeto Craddit: FINARCH




I.4 Tone 28 Sdcemwator Drainage into the Rice Field
On the other hand, the cultkation plods to the cast of the
fiold sne suspplied both by o] wator ond waler poinis
Stoffranter  Runall water s dreiced through  Lenge
uncderground drainpipes, which you can chsarve in Figurs
- [
-
' Ly
¥

A

—

-.-..
v

Figure 10 Slormwader droirage cheenel releosing inle Dore 2 Figune 12 Surfsor Water in Do 1
Prta Cradit: FINARCH Phato Croedit: FINARCH,

IL1 Further Phaiedocumantary of the Lagoeon Zoee 1
The following photos provide furlber insight indo the
delined Rice Lagoomn 2 orses.

mewmnﬂmmmnhmrwmw-m Frgars: 12 Dot | - Loog Bt
Frhar o Crociet: FiFRAAL Phato Credit FIKARCH
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Figure b Tona | "dhery Wik Fommdng™
oo Credit: FINARCH

Figard V5: Tawas | - A iy B Al sl aigd o (hin Watland
Phio Credit: FINARCH
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Figura I5: Construciod Waler Channeds in Zona |
Phcin Credit FINARCH

1.2 Further Fhotodocumentary of Lagoon Zone 2 {near the Ankatso football field)

Fogre 1T Tropical Whisthands of fore 2
Prioio Credi: FINARCH
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1 A B T ERSIT
dG ol LAGOONS FOR E UNIVERSITY

Figung 18 Acnes of Tropecnl Wietlands in ohe meddlo ol ohe Capilol City's Lisiversity
Phaoto Cradit: FINASCH

Figure 15 Ffone 2 - Wet, procictse farmiand with axtensiee. visible surtsoe wrior
Phota Credit: FINARCH
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Figure 20 Fona 2 - Surfnce wober lagoons

Figure 21: Tone 2 - Acres of sEfacs wator goons
Pracda Crochil: FINARCH
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Figgore &8 dore 2 - Ao of nuriece warlee lagooma Fipure 2% Jome & - Acres ol mriscn waler Lagoom.
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Fipra 7 Jona 2 - Acma of mrison weine Lagrssrs i Frng 2 - Acres of mrises weler lapoars.
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GO |usica, ol AnBNENarive
amerges a4 A rud bving laboraiory for rogicel
By

mearpodatling the susnounding agricultural lamnds into

e Lnivedrsiny
agriculture  and  susiaimable  development.
its campus and wliliging them as exparimental
frounds Tor agriculiure students, it Tostaers hands-an
and practical learning. Furthesmore, collaboration

far

rrigation demoenstrates a commitment to the local

with local farmers crap  maintenance and

community amd @ intograted  approach  to
agricultural development. The implementation of
inngvative techniques such as PAPRIz and P-Dipping.
sipported by gowirmmont pannarshads and rasenich
prajects, strengthens tha university's role o5 a driver
of progress i the agricultural Tiedo, Lasily, the vigual
representation of the layout and management of
agricultural lands provides enhanced [ranspanency
and undarslanding of thase praciases, pavang e way
for continuesd collaboration amnd Tulune

owards mord sustamable and resilssn agncul e,

inatigtivas
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Sma editing of text, Figure numbers. and such has
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THE EMNGAGED SCHOLARSHIF FOR SUSTAINABLE SOLUTIONS MODEL

Concept Cvarviow

The Jecguelyn lestine Sanders Foundation is proud [o intrgdece the concept of “Engamed
Scholarship for Sustainable Solutions.® This inncvative approach seaks to tronsform hegher
education by miegrating real-world problem-solving inte academic curricula The care idea is fo
leverage the intellectueal potential of [university] siudents te address pressing local and global
chilenges, thus bridging tha gap bateaen thearetical study and practical application,

Thie Mewd lor Engaged Schelarahip

In traditional educational models, students often spend a significant amownt of time studying
theary withoul direcily applying their nowledge 1o real-world Esues. While theoretical
undersipnding s crucial, tha Foundatson asserts thal the most elfective way 1o Irain the naxt
goneration is theough hands-on engagemant with actual problems. By working alongside stuedents
1o solve local isfues, wie can cullesale & new breed of prof essicnals who ang not only academically
proficient but aisoe preciically experienced and socially responsible,

The 2024 Initiative: University of Antananariva

In 2024, the Foundaticn pertnered with the nvargily of Antananarivo in Madagascar 10 teckie the
sewire water infrastructure problems affectng the university, The chronic water shortages have
lzd o frequent sluodent demonsltrations, highlighting the urgen need for a sustisinable sctution.
Thegugh tha Engaged Schalarship model, 15 graduate student fedlows from three local universities
ware selected to analyze and address these challenges, Thesr work included site avaluntions,
phatovollass solution designs, and propodals Por ulilizing wellonds and fice pesmacullure &%
sustainable water monagemont siralagies

Glabal Applicabiflity and lavitatian fer Collabosatien

The success of thes imitintive at the Undwarsity of Anfananarivg underssores the I.'.ﬂlill'l‘”El. of
Engaged Scholarship fo be replicated and adapted by forward-thenking universities armywhers in
the world, Whelhor addressmg waleér managemenl, (60d sscurity. sheller, stisdenl beslth, or
commnity development, this engaged scholarship medel can be tallored fo meet diverse
engineering and social needs

Call to Action

The Jecquelyn Sanders Foundation actively invites responses to the articles within this journal W
baliewa that the concepl of Engaged Scholarship needs to be conaidenad, retested, refired, and
imprewed through collaborntive efforts, By sharing owr experiences and Insights, we hope to nspire
other scademic institutions to sdapt and enhance this moded, theraby fosEering a glabal movemant
lowands educalison thal is deaply interiwined with real-world problam-solvimg.

Conclusion

The irth of Engaged Scholarship foe Sestainalle Solutons marks 8 significant sieg lowards
revolitionizing oducation. By ongaging studonis in addrossing critical challenges. wao ol only
enhance thair leaming experienoe bul also confribute to the betterment of cur communities and
the world &t Large. The Foundaticn = commilled [0 pdvancing this modal and looks forward 1o
collaberating with unlversities ard stakeholders globally to refing and expand this transformative
spproach

Building Vizian through Feal-Warld Prablem Solving with Students

JISF Sustamable Vision Academic Jowrnal - 2024 - ISSN .18



THE EMNGAGED SCHOLARSHIF FOR SUSTAINABLE SOLUTIONS MODEL

In the Engaged Scholarship for Sustainable
Soluticns model, the publicaticn of Studént
resaarch Is 8 vital compenent. Under noomal
pepdoméc circumstances, it is crucial that the
resparch conducted by students undergoss
ihorough peer review, This process ensures
that the findings are robust credible, and
provide & golid Toundation Tor &ubesen
repaarch, We fully support tha concept of paer
revinw a5 it enhances the guality and reliabdiny
of assdemic Wik, Higawayir, {141]
implemantation of @ rigorous peer roview
procass comes with significant challenges.
particularly inmanaging tha associated cosig,

Poer review i one of the most resouwrce-
intengive components of  any  academic
program, 1§ snvodves tha time and axpartize o
gualified reviewers who cratically evoluate.
critigue, and Sugpest smprovemeants o the
rsaarch decuments. Given cur commitment o
maintaining a manageable budgot for the
program, we are Taced wilth the dilemma of Moy
i -B"T'B‘IHIH'.'H gxacyute poer ooy wethou
compramising the quality of the students’ work
of Tha Timanciad sustainability of tha pooject.

To address this challenge, we propase an
imnavaling approach: the ook you hold n your
hards serves as an cpen initation for peer
review. ‘e are calling upon the global
Bopdemar communily 1o participale i tha paer
ravsaw procass for the benefit of our stucend
wrilers. Professars  and  researchers  with
relevant axparfiss In Tielgs such as water
managemant, filtration, biclogicel  filtrotion,
phatowoltaic design, hydrolagy, permacullure,
agroforesiry, and weilands managemant ars
particidlardy oncournged fo  provide  their
feedback.

Wi walcome acodomic commantary ond fonmal
grading af the indvidual research documents
inzluded 10 this publicatson, This collaborative
pffort will mot only enhanco the quality of the
currént redsarch bul al=s assist the stodent
writers in refining their reports. Our goal is to
release o second cdition of this book in 2025,
which will include thoroughly peer-revewed
pind rgvised reports,

For now, we achnowledge that much of the
wrilirgg in this Frsl edilion is rew and could
benatit from significant improvements. Thiz s
a natural part of the process. as you ano
gaining irdight ints both the research findings
and the development of the students”
academic skills,

‘Wi balipve that this transpamancy 15 vhluabda
and irvites ather wniversities o examing our
rocEss, improve upon if, and share thair own
varsians of the progect.

Cantinusue Process Improyvesment

Continuous Process Improvement (CPI) = 8
crizcial aspoct of cur mitEative. TP inwolves the
angoing elfort o enhance profucis. sersicas,
o BrOCEEEES theough encramantal
improvemnants ower timse. By inviting the globsl
academic communily (o angage with w2, we
aim fo croate a colloberative ervircnment
whizre best practices can b shared, refined,
ard implamanied,

We urge universilies and scholars worldwide
to leok 8t what we are doing. make
mprovements, end build upen ouwr meded, Your
mpul an how the program can be belber
managed. made mose  elficient, of mone
successful on various levels i invaluable. By
working logether, weo  can  continuously
imgrove the process of engaging university
students in real-world problem-solving,

Call to Action

‘Wi sincersly soek and invite the readers’
responses and Follow-up,. Your feadback will
ay 8 peeodal role in helping s refire and
enhance our approach. By participating in tha
peer roview process, you oontribute 1o the
professipnel growth of the stedents amnd the
ovorall success of the Engoged Scholarship
madel Togather, we can advance sducation by
fntagrating practical stedy tasks that angags
shudenis in sedving reaf-world problems.

We ook forward o 90UF Soniribulions and
thank you in adwance for youwr support in
making this inilialive & sucoess.
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Intreduction o Ma. Andriamaboly’s Research on Phatoveltaic-Pawered Waler Towers

Ma Andrismaholy, an slsciracel anginesring gradesie student Trom Polytechnigue Universiny
DFAntananaineg, has condoected extansive research on The infrastres lure nesded 16 power 8 water
towner using photovoltase systoms and a sampbe pumg,. Her work addresses critical engineering
guestions related to the sizing of companents necessary for such o system. Collabarating with
feliow rescarcher Mr. Randrianarisolo, Ms. Andriamaholy evaluated an existing water tower in one
of the student housing areas at the University of Antonanarivo. This tower reguires regulas refilling
1o maéntain water pressune for surrcunding buildings.

Undersianding the mathematics behind water storage and fransport is mission-critical for wator
anginears in Madagascar. This stikdy alms to dovelop a template for determining the typlcal
compenents, energy loss factors, and the required sizing of each technical component. Lsing
inciestry-standard software, FY Syst, the team conductad detalled component analysis to onsure
accuracy and aifbclency,

The primary intentson of this study I8 mol merely [o supply water to the specific tower under
axaminalion butl to design a “standard” system that can be used for similar ‘water Dowers m the
Tetura. A nearly identical [ower wag recenily congiructed a2 part of tha new vAcCinBon fegeanch
buillding at the university. This building was designed (o collect rainwates and pump it up 10 &n
adjacent tower, making this siudy by the fellowship team crucial for background mathematics in
desigrang waler Iwer Storage Syslems.

The research undertaken by Me. Andriamaboly and Mr. Randrianarisolo dedves into whether all loss
factors hawve been adequately considered and if the sizing of the compenents is 100% carrect. 'While
thare may b room for improvement, iolating thes topic for detailed study is Seen a5 an importand
tochnical step for managing water at the university. The wltimate goal is to develop a collection of
standard-sized plans that con be used anywhare i Madagascar for building water towers whare
waler pressura 5 reeded and a technicol solution s requined

Mz Andriamaholys research provides valvable insights and foundational knowledge Tor future
waler infrastreciure projects, nol anly &l the University ol Anlananarive bul &lsa scross
Madagascar, Her work exemglifies the crifical intersaction of engineering and susiainable resource
managemant, contributing to the development of practical. scalable solutions Tor waler storage
and distribution.
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NSF=Jacguelyn Festine Sanders Foundation
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Albsiragi

his Ankals lower ensurcs the waler supply lor the aniversaly siodemts. JIEAMA trocks
regalardy delver the meosssary water. This report lakes an approach aimed s providing
comprchensive detaals about this wewer. haghhghting ois cruczal mmpomance mn e resndents’
dadly lives. Additlenally, it offers detailed caleulstions to effectively size il components of 4
sl |:'|||||||'¢i||,_' SWSLEME -lll.'HlL'-I:."'Cl B COMIEI RSy 'H.II|"|'I|'. WHEET D e x‘.w.u.‘_x' Mescrvolims, LS
cnsunng o consiand and sestanable waler avadlabaluy fog the anrversiy community. W have
alse observed o tower wihvre ralmwaler is pemped USIRE eReTEY Eroen sodar |'-u'|:.'|*- b faldill the
=il Ng s WHleT requismenls W wialized Boih towers & AnspIraticn 1o aur -\.Il."\-\.||_|:|




1 Design of the Tower:
The tower is a concrele stnoctene that supporis wo stosage lanks at dafTeremt beights. Each

lorage lank 15 supplead independently and they have dallerent volumes. 1n thas mmage. il s evien
possinle 10 EstEll o more paks on e lower levels. This means thin e Dower can

simultaneously support four tanks, but the lower the tank is positioned, the lower the pressare
will be
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I Vaolume ol the lank:
Ihe=e tanks ampe o cabegoiss ol slorage [Mequrently used acroas the campias, willl respactive
vislignes of 100 a&nd 5 cube melery

Tank |: Drameter: 2m | Height: 3,18m [ Yolume — 10 ma}
Tank 2: Dhameter: | 5m / Heaght: 2,8%m ( Volume: =35 m3

5 Ihesign of the system:
J0 Ivpe ol ihe pumap :

epaisding ol il Ty of the patin, wi shonld ke those vigld in conapderation

[F 0]

1.1 Taopology of the sysiem:

Where

= Hui{Height of the water): 18"s the difference m beight or altitode in meters (m) befween
the gronind and the arrival al the Baghest pound of the lank, tap, booster, el
- BgiSabe level): s the differcnce in beight or aliviude in meters (m) between the waler

Fevel asxd the grousd when the pump o slopped, 8o theid &re 0o vanabons u level




Mpi Dhynamic dalling levell 11 o difference in height or altitude m nseters (m) betwesn
thee warter Bevel amd the ground when the punsp s nanning. The level can vary and even
greally i boreloles for example or depending oo the scasons {evapombion). Thas
lammation = obtaisad from the deller.?

Hemark: For the fower ai the Vaccimation Fescarch Hualding, we indeed have a tank for
capiluming raanwaber, 56 both N4 and X, are asumed 10 be refenonees for the Ha

A her poant o consaler 18 s we have the ophiea D 310 che wamnk from enlses the [aph i 1he
Bogiom. CRieng o pimp Fravim the 1 il im il VaTilageoiis fod oar I.1n.1-|i;.\'_'ll a5 it ||.-\.':|'I'H. Pl sediimssa|
scoumlation and ensures cleaner waler quality

The sy=tem m the vaicanateon balding has bevn consinsted o meet he peneral waler
meglisreimcits ol e hll:llllllg

] T
[ETT
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-
== ] T
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i
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T
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P
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A3 Haole ol the Compuoscnl
Sodar pump

A solar pump can be composed with several different technologies, volumetnc [(Shurflo,
eciibnlgal oF Belcal (Loreilte) and Bor vaned vses skl 48 siudlace pritigig dpomd, lake. nver.
tank ) and submerged pumping {well, drlling).”

The shamiage of this deect curent supply 5 that we will obde 10 ndaps the moistion speed
acconding 1o the encrgy avaalable, whach will allow pumping oven with sunshine or low ballery
voliige. |6 additon. through 1echnodopy of via & comircllern, we e md of cusrent preakes 81 staf-

ap.

=Far the sizing af the system, the volume of the water that sbould be pumped and the heigh
al the tank will be faken mio conssdenition
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Im o sodar primpeng Sysiem, eah compdnenl plavs a crtical rode sn ensanng eilicw and relaahle
e ratiEag)
Salar Pamel

The sodar pamel is the primary component that cagineres enengy from the sus. [tz rods & e comvent
solar energy into electrical energy. This electricity i then nsed o power the wabter pamgp directly
ar sored 1o baseres Dar Bser use. The pertormance and sz of the solar panc] determine bow
much energy can be harvested and subsequently bow much waler can be pumped.

Hatiery

The batiery in a solar pumping sysiem siores ebectrical energy produced by the solar panels that
15 mol mmmediately used. This storage allows e pump o contmue operating during peniods
Wit supslight, ssch as ||'_|||||:¢ e mighi oF oa |.'||""|'!| ﬁ.l.':.". Hagieries cisgine 8 consasienl
supply of electricity 1w the pump, thereby Gcilitating a stabde operation regardless of varving
solar conditions. However, the pamp can work without using energy stockage if there are no
oller load that needs electneity that are conmected to the system.

I ovibeed Wi, il we peed o take into considerarion the Geet b ibere will be time B ibere
ligh. instesd of adding Battene which should be expensive, we can baild a bagger

wory't e san
stocloage of water

Regilalar (Charge Conlraller)

The regulator, or sodar charge controller, manages the {low of electricity from the solar panels
o the bafery and the pamp. Iis man mles are:

= Prevemting Owvercharging: bt emsures thas the batienes do noet evercharge, which can

exiend haitery life and prevent safety issues




= Hegulanng Veltge: I provedes ihe cormedt vollage o ihe pump and prevenis
{fuctastions that might demage the sysiem

*  Maximinsg Effeency: S5onse advanced regulators molude Maximum Power FPoant
Irackimg (MPFT) technodogy, which maxmmares tbe eflsency of the solar panels by
ensurng they operate o their oplmal power ot pel

Prateclion

ln a solar pumpong syslem, profeciion plave a crucaal rode 1o esdurnng She longevity and
elficiency of ihe sysiem. 11 safepuards against electracsl G, sach a8 overcunent anil shor
cicaits, which <an damage components. Prolection mechamisms also defend agnimst
environmental factors like lightming and power surges, ensunmng the solar panels, pamp, and
comirodler operate safely and relably

Inverter

An inverier's mole in & solar pemping system s to convenl the DC (Direct Cament) electncity
penersed by the solar panels and stored in the battenies indo AC | Alemnating Current). Most
bngh-powered pumps, especially those used 1o barge water sysienis, requere AL 1o operale. Thais,
the inverier s crscanl for converiing the stoned DC into usable AC power for these pumps. Even
of aoene simalber o specialized pamps operate on DT, ovetens dosipied for scalabality o
|.'|l||||,'|.|.1||'l||||'_-.' wiil -\."'l.i'\-\.llJ|H |||f| RIS :|I|.|1|II: il Hi |l Bl iNSeEtET

34  Power meeided calculation
To sie e dareoning l'-I'unng:. that 18 néeded we will break the problem oe each of the tank

T'o get the daily edectrical emergy we god the following formuba

¥oeomi =« 02725

rap

Whers

E represents the energy required in Watt-howrs per day [Whd]

= % represents 1be volume 1 cubsc neeters per day [m'/d)

= mH represents the manomsetric Beight (mam of the heights: M+ Mo+ Lossh in meters
[m]
.2725 represents the bydmulic coefficient

v Ny represents the efficiency of the pemp
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S Choice of the pump:

The pump dhoukd then gel the necossary power 1o pump dumng the day whene the san 18
nmvailable {~ 5 hours)

The power 1he pump should then be:

Where

P reprosenis the power of the pump o Watt ['W]

|- PEfireREis the aenotnt of peeded ene v ia W at-hoars [ ..1.15 |"|~| h |!!
s represents the pumber of howr when there s sun

**It's amportant o emphaize thal when choosmyg the pamgp, we must conssder 1k flow male, the
miaciam hesghi s whoch it can pump waler. and the pressure i can withstand

35 PV sizing

I size ihe PY Fysiem, W should take wmio accousi the -\.I.II.:| solar irrmdesdion, whach d:i'u'llltu
on the region, as well as the efficiency of the pump asd the PV, which vames with the type of
malbenals used

P = s,
fr = K

Whire

P, represents the total panel posver 1o be mstalled in Walt-peak [Wp]

E represents the enengy required i Waldl-hour per day ['Wihid]

13 represents the duly radiation in Kilowati-Bous per sguane nseter per day [k'Wh/m?/d]

K represents the efficiency coefficient of the photovaltaic xrmay {depending on the tvpe of

panel support and operating conditioss |
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b Halar radiatbon map (CHI)

A salar padssdion Enap g5 an imnsge that ghows Bow msch sEnlaght resches vagimHss [OCations o0
Earth It Belps 1o kisow where there & 6 kot or l5ttle san, which iz imponant whea deciding
where to install solar panels or studying the climete snd smaronment

ESMAF f
™

i HAWET IS |I|.'!|'||I||:-r'|.|.||:||' cheiigned ko S .1||:'||!I:J!'|||.'

One msoadalar -\.‘ll.'i.lﬂlt.'ll,'-j'lnl:ll h fioe thie solar w;
1o varous geographic localions and wsage contexiz, Although our analysis foouses on the
ANLERENATD UAMpUS [ower, wWe ave ken (080 account e need to adjuest the simng of solar
panels and pump 1o meed e specilic requremenis of each site. Thus. our proposal <an be

iEplemeiied w vandous regrons, providing & susinemabbe and scalable sohiog [or walkt noeds

AT Solar irrndiaticn for Madagascar
We ohiamed the following table. which displays the global pmadiaison data for Ankatso,

sonireed from the Mateomant Dalaset vas PYisyst

Ardaminn  [fhadamamark

e L

© i aci e il irmprransae e velseny vkt irlanrar
Femnaemtay

S

P
=au

Laa

by
Paps—
[ep—
.
o
= mrma

Ve L= LT 18§ EE ] tRLL] ) PN

= FEmE b g s meitalmy 3w




SUSTAINABLE VISION ACADEMIC JC

*TECHNICA LT ;

[ Clisaee of efficieney [ Fixed enstallation [ Trackang the s [ Sum tracking | Akromakic
cofficieni dpand g of soslar paieis of the hosapontal | weil inclhined | son trackisg
o e type of panel Imodificalzon of | or vertical on 2 axes
support and operating the imclimation axis
condibions depending on the | {modaficatson

S ) of the
imclimmion

nocordimg io
e teme ol

dayh
Reference performance | 0.5 LR ] 0.7 0.8
1 & dusty environsment
of poor panel cheaning
Rleference vield inn 6 07 08 08

clean esviromnent or
riegular Clesmag ol the
s

AE  Hesuli of ihe caloulation :

! ||.,' rl l||-\.l|.||||||_| COqEREnE WETe Chosdn :-I'\f 1his |_:|||,|.'|:|I il
Pamp efficoency = il

Salar efficiency = 8%

laradiaieen = 5.9 EWh s d 8 cofding solar radestion Eap)

Loss = 1/10m { Masometric height)

Hewght of | well depth Loss Meeded Pawer of the Y

Violume lbe tank | |ma CnErgy pransp Ll
lank {m] |Wh] (W]
fm] | . : ! | | !
10 15 | 0 15 1124 191 238
w | 1S w0 | 35 | 18R | 318 | 397
| 15 | | 33| e | 445 | 55 |
A I . 0 ) 4 ] IV | _LF L
s | 1w | 0 o | 5% | 4 9|
5 | w | | 36 | e | 127 | 159
5 e [ 5.0 1124 191 238
5 0 | 3 | 40 | 1499 | 254 [T
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The irrsdiation is pastified by the following fipare from PV Syst while showing 2 5.9
kKWh'/m?/'d monammm winle we god o clear Sky.
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Hiowewer, there are imslances wivere e observe o tummal oradiaison of 1.6 KWhm2'd. whech
comsequently vields the follewing resaln

Volume Heaghd o well Loss Meeded Power of the Py
tamk L lank depth |m energy pump 1%
fmi] | [m] | fm] | [ |Wh] W] |

10 15 7 1.4 1124 i) &
W | 15 | W0 | 25 | 187 1171, | 1464
W | 15 0 35 2623 T 2049
w | 15 | M | as 372 | 3108 2635
s | 1w | o | 1@ | 33 FET) 293
g 10 10 2.0 T8 | 468 585
g ' W | 2 | Ao | 114 i [ &=
5 ' w | 1o | 40 | 14w 037 TED
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W can abso deduee that as the well 1||_'|H:|| creRses, the ST PE[UATSETIC Fof the pump ElRn
InErepses, In cortaan sodmiRos, 4 pump might meet the powsy crtenin b Eall shoet in delivening

the required ffow rxie. Hence, it is crocial to thoroughly evaluate ibe chamclerisiics of the pump

=Then il's ex=ential 1o size the compoenen! using soflware b0 simulsie the scenario up 1o realisise
data ol the arradiaton and the asouni of waler thal @5 seeded

d -Simulation with PV Sysi

4.1 Owerview af PV Syst

MY Sysl is o widely nsed software tood Eor designing and simulsting solar pamping systems. It
emables precize system configention by accurntely siring solar penels, pamps, and contrallers
hated on specilic water demand and solar mradiance dain. FYSysr's amalation capabalities
wllow Tor detnl el |14.-rr'ur|| HANCE ARATYEIE, LAk ImE D80 RoCOUs] envaronmenisl faceors sach &5 solar

radintion amd lemperabare varialions

The szoftware also

arientalion and nlt angle o maximize enérgy caplane

4.2

Slep
Defimition of the place
where the svotem will he
sl nigad

Dskgn poadmap

Imporistion snd anabvsis |

of the Metsorclogical
daln, eapecially the
o T ]

Anabyiis of the
erverlagion of e pase|

Dehimition of watey

[

| Choice of the Pasgp

| The PV panel Sizing

| The Regalaio

| depend on the region, ssd das will

= 5 er =g gt o Ceidne G

Creical Paint
The anmal imsdiation will
fluence the syoem sinpg

The meteorclegical data will

elluense the dvitens conlfais

s emirseal 1o chooas the cnenlation

| i b e coswdingte of the place o
| optimize the effichency of the PV

& Valigne of walsr nevd
* Volume of storage

| ® Aliibnde of the Sorage
| & D‘T“’- off the waley gourses

| -
We mumt chooae & pumg thal msees

| the required flow raie and can Lift
| wradér 1o tha alkitiude of the Borage

r.1||l_;"..'r|l|r|_'l||1|_| [r!||||l . i
The PV panel wall be sived 1o
efthlire L Chih Py ide whe necesaary
power under Bypecal condiaom

The regulabor should be slighily
oversized woihe PV for bemer

| stk

supports optimization of panel

Remark -

et o Tl |
® Wiarnilled! T dnd 5F s of

the pansl

We sbewld alie considers
whadung ellecis

The volunie ol Wwater needed
and the glohal mradsalea wnll
determmine e required flow male
ol e pump

Thet altituds &l the slicage lask
the digpith of the well, and the
flow rate will determene the
ENTOSEAY oy fof B pump

The number of pasels that will be |
i erees mened paarmbbel will e
defined wn order g0 patasly the
newded power and Voltage
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43 Oriemtation of PV Famel:
W first choose an orientition o the morth by 257 to get tbe optimal inelisation and
Ohentagion of 07 Arimuth,

T . 1 L]
Wailer
-
F i R = = e
b 1[G rarmpcs. = LW "
Lonnjopt. = -1, T | 3
T _I_I i T, 1 i i
a 6 B4 #d B0 B0 .M b M O W%
Pigng i Flpra prEegn
Wi

Justifbeation of the parameters

Cmenting sodar panels &t 0 25° angle 1o 1k porth optimizes solar ensrgy capture by aligning the
panels with the s posiion m the kY, ensonng maxumism exposure 10 derect sunlsght
throaghaut the day, Becaise Madagascar s localed m the sombern hemispbere. facing the
pamels nocdrwvard directs them tewands the equator, where 1 sun's patly o mos) darect. The 25
tilt angle is selecied to match Musdapascar's Istitude, maximizing the angle of incidemce for
snndight vesr-roumnd and thereby enbancing solar panel efficency

44  Configaration of the Syalem
Hiere is the delinaison of the system and the needs
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Wi have dafingd 3 | 5m’/dey peed of water 10 fill both of the ok m the tower m Picture |

Here 15 the ranooale bennd these paramisiers

= [hir steh level o5 Se0 &1 | meter as 3 sancad relerence, Bl i can be adjusied according

o actual reguirements

= The daly demsnd 15 15 m®, meanmg both ranks will be enapreed by the end of the day
&  We used ihe height of the ||.|_nh:c'-.| tank as the |i,-|'q._~.1'|'.q;-,=5'm| nt for designing the svsiem

Adter adding 1he waler peed, we gel the roagh resull from PASysl

P il e,
S N R R ESa0 m2idey
TEE AN reT S4TS
T rarsy riead SowEge I5E el
sy Erergy N
5 rapdn vy roaghly Bl 5%
| ) T '
Fory mrhrier g ey S
by e p—r
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] = I8 e frpedeieeen
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i A R ] il Horr
. s 5% L
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- [FY 124 Bl %

We chioose a 300W 48% pump that has a 4. 4m"h to L6m'h ow mle thal potentally can 0l

U tank on 4 hoars i@ am opaimal wse.

* IF@ miar 1'Jl.llrllr'.'\u'\u'_'.' |'.I||'_|':'H.l i ol tive raarerlinly plieed e o ||'.I'\.'.I'..|.'.'.l..l|_g |'l'|.' TR A

faist o chodoe ey anber Haey are meinher recommended o peeferred

Justification af the parameters:

The decision was inluenced by both the flow rate asd the maxumam beight, whaeh spans from
2 o 20 meiers. The specifications for power, voliage, and motor itvpe may vary based on the
munterials o1 hand. [n s scenarsa, opting for & pump that operates with lower power and valtage
prenves miost compatible with the systenw as it eliminates the pecessity of adding extra panels to
mieel valtage requirements, This nof oaly streamlines the design process buf also cuts down oo
eapenses and enhances the overall efficiency of the solar pumping system




Here is the peneral coafipuration of the system®
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We can see thal most of the time, the tank of 15m® i3 full. This graph lustmbes that the water
pump. when paired with the solar panel, exhabitz a threshold of radiation that must be
surpazied bor oplunsl ellicsency (1.5 KWh il 'day an o ca%¢ log @ dady outpist al [0imd, acd
4 EWh'mXdsy for & full 15m35). In owr scensrio, we engineered the system based om

pecosieneitdstians o ik software snd the mateiuals accessible 1o us

Here is the PV chamcieristic tha shows the peeded area of 4 m2

Y oy dhedagn
Fumber ol modcle s snd sErngs -
BN D
- [ [ h
: Oy DSy o
. S medsncy  168S iwvhisl
Chor o it nis i ] (LS
e £ BN LA Inc 174 &
nh. maiiles 3 Ares 4 mk B gk ST 5.4 &

The graph below dbustrages the pumped waler vobame and the deficit for each month. It is
eviclent that the most cntical scenano occurs n June, with a shoctfall of 50m?. Thas lack of
waber 15 also justified by the table in the Figure 4
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Simul wanian he]
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Canluniomn:

A PV system with two WYY, 10V solar panels, an MPPT coptrodler of 3000, and o 500

waler pump capable delnvening 4.4me per hosr can operate with onfy o 3_ %% water shoriage
Ihisd deenodmirabes the resiligied §

] aedapeatility of solar-powenesd systems 0 managing
resources effecisy |.|'|.
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The main resull shows here that for the 5475 m" of water that 15 needed, e sysiem 15 capable
al detrvenog 5295 m" and with a 14.1°

w0l electmcary (hal 3 unmnsed 1hal nsean 153 KWh ol
emergy that can be used for olher needs

> According to figare |2, tbe roof will not prenide enoagh space for installing selar panels
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Upen Discussion for Diker Deskgn

The simuldsteons conducied wsing PV Syst enable us o copstnact @ sysiem based on realistic duts
mitber than overesiinmting it for worsi-case scenarios, which ofers distinct advantages. This
approach [acilitsles accumbe surng of Syslem components, such as solar panels asd pumps,
pecepdamse wills actual water demans] &nd solar pradiance condineds, By avondang annecossiry
VeI O, W (17 o] |_'r'|‘.|| i BRI ghat hanctsEis
|'lJ"||.II'_|||:- et Typical operatisg condisnns Theis enssires that the solsr pumpeng sysiEm 18 Fwaric}
posl=eflective and dependabde. 1t's worth noting that all results presented m ths repar periun
Lo the baseline system configaraluon. Adpastments mn the well depth and waber tower hesght can
b madie bo accommdodate specific requinements. This adaptability penmits customaration of the
EVaREm B varssis ale condilios, ensuniag oplemal performance asd cosl-ellectivessss talored

Tedaee il :J.I civals agud R

b thie local coplext




|\Version 7.2 4l

@PVSYST

PVsyst - Simulation report
Pumping PV System

Project: PV Driven Water Slorage Tower

Variant: Bassine simulation
Project: PV Deiven Water Storage Tower
System power: GO0 Wp
Ankatao - MEI:IEQ-E‘E.E-EIT
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Project: P Dirven Water Slorage Tower
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Project: PY Driven YWaler Sorage Tower
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Masiers Graduwate, ETactrical Enginecrimg
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Intreduction to Mr. Randrisnarisolo’s Ressarch on Redmwater Capiure fram University Bulldings

Mr. Rendrianarisolo, 8 dedicated researchar, focused his eblons on assessing the viabdity of
capturing raimwater from tha rocfteps of the University of Antananariva’s bulldings. His study aimad
o daiermine bow the largest struciures on the university property coubd contribute to slleviating the
senverd waler shortages faced by the mstitution. By conducting extensie calculations. Mr.
Randrianarsolo evaluated tha velume of water curmenily being capiured temporarsy on the realtops
bafore it is ither infilbrated into the groundwater or directed into larger channels leading Lo the

wnivErsity's rice fislds.

Understanding the potential for rainwater captune is orecial for improsing water managemant at the
university. Mr. Handrianarisola’s work invodved o meticulous analysis of the largest buildings,
prowiding a detailed assessment of the water they collect during rainfall Mis findings se1 the stage
for identifying which buildings are the primary tawrgets for the installation of raineater capture

mechanisms, ensuring that the university can optimize its water rosources offectively.

This research 5 8 foundational step towand developing a comprehenskee ralmwater harsesting
sirategy for the University of Antananariee, By pingointing the bulldings with the highast potential
for ralmeater copiure, Mr, Randripnasrisclo’s study lays the growmdwork for futiee natallations of
radmwatar harvesting systams. These systoms could significantly reduce the unksarsity’s reliance on
exiernal water spurces, improve water avaidability for stwdents and stail, and contribute 1o mong
st tsinably waler Managemant prac ioes,

Mr. Randrisnansola’'s wark highlights the importance of innovative solutions in addoessing
Madagascar's prossing water issusas. His rassarch pravides a critical parspective on how existing
infrastruciure can be leveraged to meat the uriversity™s water neads, offering a practical approach
to enhancing water sustainability an cempus. Thes study not only supports tha immediate goal of
improving  water caplure and uotilizafion bui also aligns with broader efforts o promole

environmentad stewardship ond resaurce efficiency withen the university community.
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RAINWATER CAPTURE PROJECTIONS FOR THE UNIVERSITY Of
ANTANANARIVDG ROOFTOPS
ASTUDY PROJECTS
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Abstract

The analysis of rainfall estimation is cucisd when aiming 1o opdimize raiveater caplune
mathods. This projection facilitates the sizing of the equipment that will be deployed Moerely
assuning the quantity of rainfall ar relying on unfounded estimates could lead to eithes an over
or underestimation of the capture systom's capacity. The analyzed data also provides an inssght
into the efficiency of the system. Within our Raéneater Management Study, estimation stands
as a proatal element, serving as a solid foundation for project initiation. I is imperative (o ensurne
accurale estimation methodologies to drive the success of rainwater harvesting inftiatives.

For datn analysis. we will bleverage multiple sowrces o establish a robust foundation for cur
estimation. Primarilly, we will utilize official data from the APIPA [ The Authority for Flood
Pratection of the Antananarivo Plain) spanning 20 years poross various Jones in Antananarivo.
Dwr estimation will not salely focus an the todal snrusl rainfall guantity bul will encompass an
analysis of the water guantity supplied throughout the year, considening different scenanios
{wed and dry years) to provide insight into all possible eventualities. This approach ensures a
comprehensive understarding of rainfall dynamics and water avadahbility, thereby enbancing
the effecliveness of ouwr assessmenl.

1= Presentation of the climate in Madagascar and description of the case of
Antananarivo:

Modagascar experiences 1wa main seasons - a hof and humid season (summerd Tram
Movember to April, and a dry and coaol season [winter] from May to Dctober. Two
shiprl infer-seasons separale these main seasons, ¢ach lasting approximately one
month. For the cenirsl highlands, the climate is rathar cool. with average annual
tamperatures ranging between 15°C and 22°C. Thiz region experiecnces the lowes)
aversge temperalures in Madagasear, dipping below 14°C. 11 receives gignificant
rainfall, with annual precipilation ranging from 1 000 ga 2 000 mm Approximataly
o0 fa 95% of the fotal annual precipitation occurs Trom Movember ta April
Precipitation is relatively low during the months al September and Octlober. [1] [2]

[3]

2- Estimation of precipitation in Antananariva:

The data collected from various sources [I] [8] [7] appear o canvedge lowards an
esxtimation af rainfall in Anlananarive aweraging 1000 mm per year. According 1o the
eslimation peovided by our specialist in the journal, this value is approximately valid
for ithie Anlananarfive region. Howeyer, the sources did not specily haw thay
collected their data or arvived at the resull of this estimation. Furthermare, we alto
nead to investigate the daily rainfall history 1o provide more specilic and vseful data
far the rainwaler harvesling project, 83 storage and other elements will be sized

according 1o the amountl af water thatl will be available daily to make tThom mors
efficient. The data proveded n [4] by APIPA and in [3]) dalasel seams 10 SuggEes! &
high resalution of precipitation Tor two decedes [2000-2022), which is highly
fElevant Tor aur sludy.




3- Data Analyais According 1o Varicus Sources

Twio Types of date collected from webeites proveling access o metesrologicsd data Tor
ARLARS RSO Brovade precipitateon statistics lof 1he region. Omne sourced Prom [7], apoears 1a
peorade agpraimately the 2ame values ot thase sourced tram [6].

Ankarananig «Prici pitation mospenne

Muis antbédmmiour de pluis

Jdamser 1B
Fiaming 17
Mars 185 17
Awril 1] U]
Mai 20 L]
Junhi 7 &
JuilleA 14 B
Al 15 ¥
seplembie 10 1
Octobie (i B
Hivemibie 170 14
Dicembee [N 20
&n 1365 136

Aciually, bath of them indicated that their data had been analyred for the pericd from 1991 ta
021, but thesr snalyss appear b0 nol converge indo one result. However, they gave on
ostimation around 1000 mm of precipitation per year, The table emphasioe also the fact that
thera are fwn seasons n Antananaris and it 5 confirmed by the number of reiny days.

Arvlananadive -Pricipitalion moyennes

Moes s T O de pliie
RETIT 1¥
et 15

Mars 147 12
Hoenl an fy
i 1& 2
Jun i 1
Tuilkst 8 1
Aout & 1
Segitembre g 1
Cachottine 31 i
Mommhe 87 8
Decembne .__ ‘iﬂ; 13
A 1084 a1
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Some data from (9] provide a history of raindall for the past {our years that we can also take inbg
consieration Tor cur anplyee. They also retlect the cosren] Siuation dup 10 resent clmate

change and {ha trend of rentall redisction even thea 2018 s mak compiaia

mr 0% D M1 022
Tt aiaa 24,8 1308
. 1872 174 1324
Fi 149, & 1312 1308
Rt M3 192 4
Ma 1] 54 =)
TE [T ] [ {]
Al 18 0a 12
Bini n 15 LT
Sep 1 i 4
a7s] B 2 172
Yo - na 113,32 813

2073 2004
1352 154
118 1T E
ot ul
sl -
W3

{On tha other hand, we can also observn a decreasa inthe numbar of raing days over the past

fow yoars, as deplcied intha following figure, whers an sverage of 0 rainy days i shown

b

Jan
Fiw
M
a1
My
:i'll.
i 7|
Aini
e
fral
Bos
Dt

o bl ry=roe ]
17

i)

-]

0

2

1

0

o

]

5 b
5 10

-3 0 RS SO R R

pivr]
18
11

e
=

RS R - O T =

=
L

2 200
18 1t
10 15
18 5

B
(2]
[
il

i addition bo those dath, wa have thas Raintall map of Antananarive Toom [1] that indicate the

amount ol rain duingg each month of the yeas, it siso shows [hat there is mol o raally

significant varistion of the smount of precipitation in the region of Antananarivo. 11 also shos

the twa season of year that reflect the amount of precipitation
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4- Data Analysls According te APIPA station data

Thase previaus dafa can be used jo validate the result of our Analysss hased an (he messurament
made in the APIEA Station. Actually, the APIEA provide a large datasef of howly measurement
lroen 200 1o P02Z From oS nine (9] stalions aowml Arvlananarvo. The lbcalbEation af Chess
SRanon will be detailed in Later sactaon of thes documsant. We had oo Bl the missing data which wa
can mat always know i it is a null valee or should 1ake a special value. By converling 1he daily
data 1o & monibly daia for s baier visuslicaion, we gol the nexd regull thal shoy the ran ksl dats
af aach statan, Gréan the necessily of captuning both shonl and |ong-tenm relatonsihips within
ihe dataset, wo have opted to examing fhoee distind time periods (2000-2022 f J030-2022
200%-2022). Thess are aclualy dermaied by manihly average,
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Remark: The Alarchia data was bBased by missing values. 50 we did not includa it =0 tha
calculation of the mean value in the table for 2018-2022.
We have the followang Blustration for different range of data that we have analysed from the

datasel whers we used the Sverags min and max value ol otal yaarly precipilation per SEalion:
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W can ciserds that the raintall maasired at tha station tends (o e raass ower the yaar, The
meorg recend 1he dals we analyze, (s jomar the valuss are, Hiveewdr, we can gl redy o the fact
et oeirr Ched sl 10 yaars, the sverage ran sl was esiamated oo Nuctusl® saound 1000 mem e

W
Thee respertition of the average precipitotion during the year is illusirate in the figune belbow Tor
thie pericde between 2010 to 2022 and 20002022,

Average precipitation measured in the
APIPA STATION 2010-2022

-'“-'.'-"‘",_15;1_--: TeCipitateon measiEed inthe ARIPASTATIOMN

2019-2022

The assertions posited in [1] and (2] are readily affirmed by the sisual representofion, wherein

thiz teve distingt seasons of Modagascar are discemible. Antananaries is nat exoemad from this

valldnthon




5- Analya of the past Seenario fram APIPA data
Thi Ipdlceving tafle will ahow The nomber of reay days 85 1he emount oF pracipilation
during theds days Tar the 2008-2022 period:

AVErage pagx  AWeT8ge  Rabny Rainy Rainy  Rainy Rainy daily
Annual  Rajn Number gag> day > day> day: day>  max

Flain mim 2 Rainy  Jmm Smm 10mm 25mm S0mm rain
rmen day [mim]

Aresaitato 9216 10440 5 51 a6 26 1z 4 119
Ambosimararbols 9098 14401 ] LF, as 24 a 3 142
Maralarcranas 10381 14080 133 101 53 9 i0 i 1
Ambalaloivg M6 11613 T L a6 27 10 E 1341
AN 045 107B5 114 T 36 i3 9 i 135
Bty 8962 94318 3 () L] 28 13 3 B3
iR 8204 11694 52 51 37 25 in 2 113

Thits tabla demonsirates the following key findings:
» The awerage numbor of ralny days varios considerably, ranging from 52 to 133
days acrags the stations with an sverage of B2
¢ Procipitation events excoeding 25 mm ccour withen a range of 8 ta 13 days
» Thia highest recorded daily rainfall spans from B3 mem to 142 mm.
» Motably, there are instances of significant rainfall, with soms days experiencing
pracipitation of up to 10 mm, and o few doys oeen reaching S0 mm.

Thes indicates (hat cocadaanally, thens aré instances of minimal precpitatian {1 mm), whens the
loased dusfirg capiund mdny Sulwagh he volume collacied, For snsiance, aach S¥Siem recuires: &
menimum (hrealold of precipitation io effecikely collect and store water. Addetionally, i s
nolEwer iy (hal during poedaosds of hedvy precipitation, underdized siorage Tacilites may result
W sihiticanl porthah of (e rastlall Bbeing loal. Thada are Wingdrtan] paramalens L condidar in

the pnalysie.




Thatt Tollowaingg illuatratsdn dapicts & durdlsan curve, § graphical representolion illusirating the
cumruilativie dstributon of ranfall intensity throughout the year. This curve offers valuakdle
imEiEhis inlo 1he distribution af rainfall intensily over Lime. Thiough analigis of he cune,
patlenns ich a3 perads of heawy ranfall dry spells, and overall vaniabelity imrainfall intensity
becom evicent. Tha Juraiion curve senaes B8 8 crucisl tock for radmyater arveating endeanors.

I gukdes the simng ard design of renwaler arvesting ystems By ndicating the necessary
slorage capacity reguired to eflicienily capiure raintall. For the 2027 data, we can sasfly see
o thi precipitation is distribubed for Antananariso, 1 gives a conlinus curve of The discneia
deacriplion on e tabla

_—

The processed data from AFFA will be appended (o this document fo werify the basis of all
aralyses concucted Tor rantal astimation

G- RAINFALL MA&P

Based on the ramiall data collected fram (he APIPA Station Measuramant, w haye develaped &
rainfall mag of the Antananamvo City region, where the universily is located The lnverss
Distance Weighting MDW] methed was employed in creating thes map & widely wutilized
technigue Tar oondres ling radntatl maps baded o weigesd dota The magp was generaled usng

DGIE saltware The data wdilized for (his purposs were derived from the average rainfall records
endannen g the pericd from 2000 19 2022 and the 23019-2022.
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Based on Figures @ ond 10, we can infer that the estimated precipitation at the University of
Antananariva fluctustes around 800 mmisear from 2002 to 2022 Howoever, considering tha
avnrage data from the peried 2000-2022 leads to an estimated value of 1000 mmdyear for

precipitation at the Uiniversity of Antananarso




T- BUILDING ROOFTOP AREA

Far the subsequent calculations, i1 will be necessary 19 ascerlain the surface area al the
buildings within the University of Antananarive. The swface area of each buildirg will
subsedquently allow us o deduce the volume of waler 1hat can be captured. a2 the caplured
rainfall valume is exgressed as foll ows:
F=Aepar
Wharna

« Vi@ thea Valume of rain harsested [ma3)

« Alsihe Arap of the Roof [me]

« [ 15 precipiia e [m)

o ig the coefficien redated 1o the Type of the ropd

Type of Tyles Cormugabed | Concrefe | Bvick Sl on =oecky nahural
Catchisrreeng P bl atuiid [T SO W CAAC TN
Hein 10%
| M| oE0% | 7408 | osanE 050k [T e i ] 0F=0.5

Froem the VYelume harvestod, we ¢con evaluaie the type af stockape we will need. The roof arca
will be dotermined vilizing G15 software QGIS. which applies spatial analysis lechnigues 1o
compute the surface area of roottops within the designated region. This sottware facilitates
precise measuremanis of geographical Teatumes, including buddng Tootprinis, ihenaby
enabling e extrsslon of aosurale rool afas dats for Turther analysis

Each building ig subsadguently assigned & unigue D and Labebad wilh corréespond ing atiribusies,
wuch &8 the rool area, depariment affilsation, and bulding name. Following 1his, buildings will
b categarized based on their roof area dimensions. This classification will offer initisd insights
into which buildings may weld the heghest volume of captured rainfall. It Is notowarthy,
horever, that roaf arca alonn dees not exclusively inform our selection process, as the neads
of ocoupants also warrant consideration. Tha findings indicate that thero are 168 stnectures
withan tha unbsarsity, with surface aroas ranging from 36 to 2726 mr,

Wi s iually got:
# P struciures that have an area excesding 2188 m?
+ T siriciures with an ares iram 1650 1o 2188 m?
« 2 siriciures with an aréa from 1331 1o 1650 m?

« 12 structures with an area from 843 1o 1381 m*

Those Buillding are actisally the Connco DEGS, Conaco Medecing, Conaco Ltire,
Primature, Conace Sclonce, MAS, Library, Gymnase, OT_DEGS, DT _Medecing, Bloo




lech Folytechniguss, Departement Mathematiqus, Departement letira, Sciancs U1, Progudencs
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The table abowve présents fhe key buildings with roal areas excsading 700 m™. To provide a
wmug] represeniation af their placement within the unmversity premises, a map disploying
these buildings alongside their respective |Ds is included below. Despste the relatively modest
raot areas of many struciures, their central positioning within the campus facilitales effectivs
raimaater harvesting. The close proximity of these buldings alipws for the consolidation of
collectod rainfoll, potentially mitigating the limitatons posed by individual roof areas
Congagusantly, whibp the root aneas may be individually smadl, their combenad coniribetsan 1o
rainvwater hareesting remains signiticant doue to thedr strategic positioning withéin the campus.
Moreaver, 1he rélevance of these siructures & underscorad by Ther centrall location, which
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B- Analydis of Scanario from APIPA dats based on Uhe roal Area

Thee folicang table based on (b formula Vedapac and an averagea rainfall of BS4.9 mm from the
APIPA data ZOT18-2022) = glored on (he axcel Tile thal gives afl the Toundation o our study, W
choaged a max daily rednfall ag 120 from tha table 1.
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8- Estimation of the rainwater deained to the pipe to the rice Tield;

Yoare am
f~—n
ETLe
6449
5.9
4847
A747
470,3
#5314

5000
PR

Yasre
=3
dmly
i
=il

o
BB
711
G52
B35
63,3
&0

a7
¥is2

Wil wmen far
13wl
pREEirin
I ldag]

160

18,0

e [H e me oS b

‘adurnetod

Li s
=l
B RO ERTREA
frdiidan ]

i

1.2

5.9

a4

WoisTa foe
B s
of
i ralafulr
|t ]

32 |
36 |
30 |

&ad |

Through investigations conducted during the fellowship workshop, it has come o our attention

that certain existing infrastruciune channets raimaaier tovwards the adjacent rice fields.

Totad rpis
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These estimations are derved from the analyss of Jomses 1 and 2. which Teature rairwaler

drainage systems leading (o the rca Nields, Ubilizing coefficlenis of rairmsater calchmant and

prenious ramntsll data scenaric, we Rave arrisad ai the aforementioned resul e,




10- Key Resulis:

From ihe previcus study, we Cams 1o some conssderable resulls

& Wal Seasorc the graph fromm Tigure 11-12 and (he table an the hgure 5-6-T has ghown that
thare & & rainy Seasen of 5 - B months troem October [ Apnl wivbie the procpitation i
gigraficant for Antananarsag, IE contirmes what i aaed on many lieratums

s Todal Raintall: e amoint of precipitaton Tor ARLBRananve averspa 1000 mmtyeas Trom
1991- 2022 but sz we move (o the recent vear, i tend fo fluciusie snound 900 1o BOO
mmyear (table 1)

Muirmber ol Fairy dans The aveiage el o1 Faing days asxhibits sign heamt varation, ranging
Fromm 52 10 1353 days atross the stations, vith an overadl average of 82 days

Average Mo Avaraga | Rainy | Rainy | Rainy | Rainy | Rainy i doily
Tivtad Fain rain mumber | day > |day> day= | day> |day> | max

[mmiyear] | mm of rainy | brm | Sem | 1Omm | 25mm| S0mem | rain
| | day mm | | |
anvea |  B9a6 | 1178 | 82 | &3 | 39 4 | 10 | 3 | 1M

- Argd of tha hu-lt:l.rL.g. Buillding araa breakdown:

4 gimuciures with anarea exceeding 2000 m”

13 structuras with an srea ranging from 1000 m* te 2000 m?

11 structures with an ares ranging from 700 m' 1o 1000 m*

Amaunt of Reineater horvested: Tha extreme value of rainfall harvested arg batwaen
this table for roaf Area from 2726 to T00 m*

Aol Area [m] | Type of Volisme | Woluma | Volumss for Vobama foe | Woluma far |
rood from Tatal | for dady daily daily daiily
RaznFall max | preciplabeon | precipitation EeECipieElGn
|m3fyear] Rainlall of 25 mm of LI rewn al & mm
) | . |m3/day] |
2Tk {8 ! 18510 a2k E4E a B} 10,9
T 0g | 5010 674 14,0 56 28

11- Diseussion:

O thee mathod:
caloulating the average of data wilhaul considefing missing walees. GNE COMMan
approach s 16 &imply exclude the migssng values ram e caleulaticn and then divids

the sum af the remaining values by the number of non-missing valuas. This mathod

provides a slraightforward way [0 compule (he avarage based only on availabie dals
PRTE,




Hisadawar, il will Lead 16 & nanconvergent astimalicn of the tetal rainfall in searly avaragas

and total monthly average like wa can eed on The tadele L and Tigura 7, But they gave an
eglimated value thal Ileciuale batwesn 00 Lo 1000 mimyesr

- Ralavant ragult: Althaugh, based am the simdarity of the reaults wa have obaanad tioam
many other aources. wa can concliade (hat the snalysie of raintall from the AFIPA station
measurements provides rabust and relavant data that we can rely on 1o draw Finm
conclusians

- Suggastion: 11 is pdvinable 1o consider the lower range of pracipiteticn values Trom the
total rainfall datssal, reflectmg the absaryad trend of annual precipilalan. Howesar.
whin gizing eguipment. s cretial (o #sd account Tor daily rainfall data. Both the
analyeis of monthly and yearly average 1otals should be factored o when making
decigions based on the dataset

Canclusisn:

Ihmis document presents & comprehansive analysis of & substantal datasel aimed ot
cormoborating informalisan cotained from diverse sgurces regarding precipstation in
Antananareee. Specifically, it delwes imio &n examination of the wet geason in
Antananarcedy and provides astimations of the total annisal rainfall for the Unbearsity of
Antanpnaride. Thass data weng sudsequently utilized 1o gauge the polential karsestable
raanwater for a yeer based on the reol area of existing bulldings, Ferthermora, vanious
soenanns Tor ralmwater collaction wers analyred in detall. indeed. these resulls and
anplyses sande &8 a foundational framework for fulure studies, particularly for tha LISF
Water Monagamant Frogact. Thay provide valuable insights intg precipitation pattems.
rainfall estimation, and potenilal rainwaier horvesting opportunities, laying o salid

groundwark for further exploraticn and implemaniation within the progect’s scope
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“Thes Fellowship will gise me the axperience and abaye all

the assets | meed o contribute 1o the development af my

Eountry, 1o improve theé mandgemenl, lreatment, use and
consumphion of water inMadagepcar.”

1IEF Fellow

BAMTANDRISOA, Robeca Tatiana

Masters Graduate, Water & Emirenmental Enginecrig
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2024

introduction to the Fellowship of RAMIANDRIS0OA Rebeca Tatiana

Wae are prowd fo intreduce tha contributions of Rebeca Tatizna RAMIANDRISOA, a distinguished
student specializng in Water Engineering and Efvircnmental Engineering. Throughout her
fallewship, Reboca has demonstrated exceptional dedication to understanding and addressing
critical endironmantal challenges in har community, Her comprebensive report on Borgholes [
Wells reflects her commitment to sustainable practices and novative solutions in the Tebd

Rocognizing the diverse linguistic backgrounds of our feflowship participanis, we discoverad
that mof all students felt entirely comfortable using English as a mediem for their reparts. o our
pursut of consistency, we initally requested that all reports be submitted in English. However,
wa beliove i ks vital to honor the work of our French-speaking students, wha bring unigue
perspectives and insighis to our collective mizsion. Therefore, we have chosen o prasent
Rebeca™s report in French. her native langueage. (o ensure her volce and ideas are Conveyed
authentically.

We are pleasad to provide this report for the benetit of our French-speaking readers, fostarsng
an inclugsive armvirenment that values linguistic diversily and cultural heritage, For those who
prefer English, an English-language versicn of Hebeca's repart is also available on the
foundation's wabsite, ansuring accessibility to a wider audisnce.

We imite you lo engage with Rebeca's imporiant work, which ned only highlighis the
significance of atfective borehole managemant bist also enderscoras the role of education and
community imeolvoment in promoting  sustafnable  development. Hor  findings  and
recommendations serve a3 & valuable resource for policymakers, practilioners, snd scholars
alilke, contributing 1o our collactve ef forts (o create a cleansr and haaltheer envisonment,

FRigiiel velehe, Bisiifivd (nandE
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LA QUALITE D'EAU ET LES DONNEES SUR LES FORAGES

DE L'UNIVERSITE D'ANTANANARIVO

LN PROJET D'ETUDE AVEC JACOQUELYN JESTIME SANDERS FOUNDATION

Mote de "auteur;
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INTRODUCTION

L' Université d' Antananari, on tant gu'institution académigue de premeser plan & Madagascar,
jous un réle esseniiel dans la vie intellectislle of scciale de la Rdglon. Au comer de ses
aciiibis se trouve la guestion cruciale de Uacois & Ueau F!ﬂ-":'llﬂﬂ‘. LING TR FSERITCR lﬂﬂlﬁFlﬂ'l'lE-ﬂml":
i la fois powr les besoins quedidiens de la communoutd universitaire ot pour la réalisation da
gas missions de recherche of d'enseignement, En examinant do prés ces donndes, nous
poirTonSs misax comprerdng les défis puaguels NMUniversité a5t confrontds en matidre o oau st
identifior lns opporiunités pour amitliorer Lo gestion de cette ressaurce vitale. Dans catte
prasentation, nous commaencerons par explorer les carpctéristiquees des forages de
luniversité, mettant en lumédre lpur nombre, lour emplacement géographeque af lour
profondewr. Ensuste, nous examinerons de pris b gualitd de eou dans ces forages, on
analysant les paramétres clés tels gue le pH, Lo turbidité et la présence dventuclle de
contaminants, Enfin nous discuterons des implications de ops donndes powr I communades
universitaire gf proposerans des recommandations pour une gestion plus efficace de 'eau sur
e campus. Cotte reprisentatlion des donndes 51 non seulament ossentialle powr dealuer la
sibuation actunllo de Vapprovisionrmmaent enoaau & Uisniversité d'&nfananarive, mais elie offre

dgalement une base solids powr orienter les politigues of les actions visant b assurer un acchs

sir ot durabile & cette rossource vitnke pour los anndos & wenr,




LUIMMER

| :PRESENTATION DES FORAGES DE L'UNIVERSITED' ANTANAMARIVD

I -1. Hombere total de forages:

L'Unesersite o Antananasive dispose actuellement de siz|08) lorapes apérationnels rdpartis
gur be campus principal. Ces forages sont Siraldpauemant posilannds pour Fourmr wh Stk

i1 'enu i "ensemble de la communautd universitsing.,
| -2. Lecalisation des forages:
Carte péographigue iNustrant |'emplacement précis die chaque forage sud le campus. Catls

carte perrmal de visualiser L répartition géographegue dés goinls d'sccds b Veau @1 facilite |a

planification de Lo masnlenance af des fufurs projols dexpansion.

] [Catitude [Longitudse
[FOT " ed'41a5°5 AT"3IIRAGE
[Fo2 [ 18"54'4250°s | AT 3T 2212E

FO3 | IB"SEDZAS AT 3TITHAE

Fi4 | 1B°54°45.02°5 | 47" 3T 2007T°E
[Fo&  [B"BED2I18°5 [ AT 3 IRI0E

FO& | 18°5501L42°S 47°3F17.79°E

Tabdoau ; Localiealion das foragos

JISF 5VAJ - 2024 - 58N p. 73 / Arficle p.5




REFARTITION SPATIALE

Goo o Earth

Figurnl: Foroges o Ankaiso sources Google Earth

| -3 Profondeur des forages:

Le tablesu 2 présente la profondear de chaque forage, allant da 15 métres & S0 métres
an fonction des caractdristiques géologiquees |locales. Ces informations sont cruciales
pour comprendre Lo structure das aquiféres of Lo capacité des forages & fournir un

appravisionnément en eau sullisant.

Humitra [ Fon | Fo2 [Foa [ FO4 [ Fos T FiG
Profondours | 15 18 [ 74 i7 D [y
{rdnes)

Tableaw 2; Proforsdeurs des Forages




| -4, Capacitd dé production d'eau : Débit (m3h)

Données sur la capacitd de production deau de chague forage, masurds an matre cube
par haure. Cog chifllres parmetient dévaluer |a depanibilitd d'esu des forages &b e
capacilé & rdgondie aux Badains de Lla communauld upivergitairg, Rotammeant an paods

8 poeante,
[ Mumera Fal FO2 Fo3 FO4 Fos Fo&
[Debinim3m) | 1.5 1.5 == s ER |25

Takbbaau 3: Dbl 4 bl Fordigpad

1 -5. Etat de fonctionnemaent:

L'évaluation de I'é1al de fonctionnement de chague forage es1 donnée dans le tableau 4
cl- dessous, ¥ compeis les informations sur les parnes récentes. les réparations

affectudes of les prévisions de maintenance préveniive,

Humdéro E1aN B usal
CFO1
Besoin de réhabilitation e achat + installation pompe
FO@ - : . L
Besoin de rehabilitation o1 achat + installation pompe
[FO3

Besain d'approfondissemeant at achal « mstallation pompa

Aa Abandond pour raison di séourila
"FO5
Forctionnel mas pad Uacdduction deau &a CITE Ankatso
bt 1

Fonctmamnel @t pour Madduction d'eéau du Gyminase couvert Ankatso

Tablesu 4: E1681 cla Tenc fiannnme| i Torages

JSF SVAJ - 2024 - [SEN p. 75 / Arlicle p.7




Il -QUALITE DE L'EAL DANS LES FORAGES

Sur bes six forages gue 'université @ mes on place, trois ont éié¢ soumis & des controles de
qualité approfondis pour dvaleer L qualitd de Veagu. Létede a recueslll des donndes
mihaustives concermant ces trois forages.pomatiant une comprebonsion ditaillée do s

qualité de |'ecau dans ces zones spicifigues. Cos etudes oot &6 réalisdes on 20200

Woici les localisations des trois forages dudids:

Fi

Figures 2: figures des trols forages #udids
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Il =1-% nlours des turbidités:

Forage Fi F F3 Horme

¥ K ks e
Turbidite (NTU) | 12 g . ~SNTd

Tabbemi & Turtidités dans los forages

I -2-Valaurs des pH;

Forage Fi F2 F3 Morrme
Py 7,35 Bl .75 6.50-9

Tablesg & pH dans los lorages

Il -3-Valaurs des condisctivités dlectrigues:

Forage [Fi [F2 F3 Hormie
Conductivité | 150 [ 537 127 <3000
(S oml

Tablsay T Conductvifie 8l pclrigues dens e dorapps

Il -4-Valeurs do analyes dos matibbres o SUESEne on

Forage [F1 [F2 3 Marm
MESimg/L} |80 [124 [ 180 | e =30

Tabloay §: matibros on gspeniion des foreges

I1-5-Analyss da DBOS:

Forage [ E1 [ F2 F3 Banim
 DBOS (mg D2} | 5,25 | &.20 | 6,80 az8

Tablem 5 DBEOS dand lnk Foragoe

JSF SVAJ - 2024 - [SEN p.77 / Articlhe p.8



Il <i5: Amalyse do DCO:

Forage DCO | F1 [ F2 lFa | Morm
(mgr O20L) 23 2322 28,50 Rt
Tabbeaw 10: DG dans les forages
Il - T-fnalyse de coliformes totaua:
Farage F1 F2 F3 geriree

CTen UFCA0OmL | 39,102 L6102 252103 0 UFC00mL

Tabbeaw 10 Colitcrmaes 1otmux dars los foragoes

Il -B-Analyss dos calilormas Tdcaux;

Forage F1 F2 F3 Mo 0

CF e UFCDMmL | 302 LA 2.50.002 LIFGmL

Tabdess 122 Coliformes (oo dans les forages

11 -8-Analyse de stréptocoque fécsux:

Farage F1 F2 F3 Mormae O
-ﬁ-' i LIFC 10kl . <] . [ . | . LIFCADORI

Tabdem 12 Siréptooocyus TEcmix dars e forages

1110 Anpdyse de spores deos bactdéries Anadroble sulfite-réductrice @

Forage Fi | F2 F3 Marme

ASH an UWFC20ml, | <1 2 =

Tatdoai 14: Spares dies bacténes ASR daes los forsgo

Article p.fd



CONCLUSION

L donnidas sur les forages de 'Université d'Antananarvo ot la guaditd de Ueou dons ces
formgoes nous offrent unoapercu de Uétat actisel de 'spprovisionnoment an oau sur b campus.
En exmmanani de pros ops donndes, nous powsons tirer plusieurs conclusions importantes qui
arignienont les affarts fulurs pour assurer un accés s0r of durabde & cotte ressource witale, La
présontadion dos forages o mis en lumsére limportance de ces infrastruciures powr o
commimautd universitaine, on scalignant leur nombre, lowur localisation 81 leur capacite da
proguction d'eaw Cos informations sont essentelles pour planifier Lo madnisnancn ot
l'expansion fufures des forages afin de répondne aux besoing croissants on oau sur le campus.
La qualité de eou a réwdls das varations impartantes dans cerlaing paramidires de qualiteé de
o d'un forage b 'sstre. Bion que la plupart des forages respectent bos normes die guslitg de
l'ean, certaing présentent des prablémes pofentiels de contamination ou de ectuations dans
lns neveauy de cortains contaminants. Cela fowmnit une base solide pour guider les dicisions
fudures en matitre de gestion de Ueaw & 'université &' Antananarva, Elle souigne l'importance
qe I collaboration enfre les partics prenantes et de 'adoption de pratigees durnbles pour

garantir un acces dquitable of séoursd b ootle ressourco vitale pour toule |a communats

universitaine.
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“Uniirersiny Wastewaler — Volume Prolections Reporr™, RAKOTOMALALA

“am altending university because | Teed that | sl
need solid knowledge for a bright futene and | know

that my country needs ma”

JISF Fellow

RAKOTOMALALA, My Anda Erca
Mashers Graduate, Chemical Enginaerig
Univarsiry of AnLanEnarsg

Imtrodusction Lo the 'Wastewater Analysis of M, Jolo Rakotomalala

We are ploased to present the wastewater analysis conducted by Ms. Jolo Rakolomalala, o dedicated
regaarcher whao has undertaken the crucial tesk of assessing the wastewaber treatment projeclions
astablished by ARAFA, in the field of environmental enginearing, accurate projeciions ase assential
for effective planning and implementation of wastewater management systems. Joo's wark plays a
pivoled rode n evaluating these projections, ensuring they are grounded in rigorous anakysis and align
with cumrant bast practices,

By critically examining the existing data and methodologies wsed in ARAFA'S projections. Ms,
Rokoctomalnln prowvides irealuable insights into the effectiversss and relinhility of these
assessments. Her analysis focuses on delermining whelher the current team concurs with ARAFA'S
findings of i1 there s & basis for moditying the projections 1o betier reflect the realities of
wastawalor raatmant noeds.

Throtigh a thorough evaluaton of the assumptions end calodations undarpinning the projections,
Jolo's work coninbutes (o a mone nuianced understanding of wasiowater management in the mgion,
This analysis nol enly akds in refining trealment strateges bul also ansures that fulure projects are
informed by accurate and relevent deta.

As we delve into lale's Tindings, we invite readers 1o engage with her eritical assessments and
inskghis, whech are ingtrumenial in enhancing the field of wastewater treatment and coniributing o
the sustainability of gur onvircnmenial resources.

L]
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SUSTAINABLE VIS

Abstract

Howndays, Antananarive, the capstal of Madagoscar Is clagsified among the most polluted city
in thi wicerbil Apart from pér pollution and the wastes that fill the stroets, wastewater are alsoa
big part of tha preblem aspacially the ones from the weniversily camguss of Antananarivo. This
raport containg assessmant of the volume of wastewater produced dady pnd annupily on Tand
campais with some datails and its sitution of awryday.

Divers students are living in the compus during thedr five yeors of study, That means, current
students ara using water for thair meals, bath, laundry, dishes . Wastowater from those daily
roirtings must bo well ireated batore thay get dumped. Today, infrastruciures in the university
campus arg old, do not work as well a5 expected 5o that ARAFA made o study abonst the
maintenance af water network and an efficient wastowater treatment system. Emergency
rapalrwork and soma wastewater ireatment theough logoons ann mentioned in the decumant,

Honetheless, a global onalysis axplored the extent of the amount of wastewater that could be
prosiuced ond filtroted par day, with such benefits ftor the camgus, economy and environmental
probecsan

Thraugh a synihasls of that research exertion, this paper commants the solutions suggested
by working on the daily volume of wastewater and evaluating whare it goes. These points
axtend beyond wastewater freatment efficiency for a mare wonderful way of envircnment
protectng.

Keywards wastewater, treatment, wolume




As universities strive for susinabdity, wastewaler mBnpgement amerges as a crivical
aspact of campus cperations. With diverse souwrces ranging from Llaboratornies to donmétoras,
opportunitses for treatment.  Implementing advanced solutions and e wastewater
gererated presents unigue challenges and innovatiee strategies, this progect alms o
menimize their enyviranmental footprnt while ensuring compliance with regulatory standards,
T achieve this, an imitial step volves assessing the wolumse of wastewater genarated daily,
mappng where it goes and evaluating of the solutions suggested by ARFA is accurpte,
Furthermore, understandng the cwrent wastewater management praciices, whether
through cnsite treatment facilities. municipal systems, or other means, provides insights nto
areas for improvement and optimization. Let's explora the tadloned soluticons and sustainable
praciices employed in treating wastewater from the diverse ecosysiam univarsity campus of
ARLANBNATVE,

JISF SVAJ . 2024 . 1SSN p.84 / Article pd




Independant assassment of the volume of wastewater produced daily
and annually an Tand campus

Ewery yaar, 35 000 students frequent Ankatse University of Antananarive including bachibors.
It is to highlight that nat all them are Fang inthe campus because moest of them reside in town
and around the university. Those who come from provinee are those who really hold the campus
and thay are around 5 000 Students per pear.

Those who do nat live in the campues just wuse waler for [aboratories and 1oilets but thase in the
campus use water for thair cooking, bath, laundry and dishes, that generate o large amount of
wasiewaler produced per day.

Let us pull an average quantity of used water for those wha do noel live in the campus and Tor
thosma wha da

Students who do not legve in the compus: around 30 000 students just frequent university for
studying. They do not really use water apari from gaing 10 the todeis and some of them e

waler during their axperiments in the [sboratory.

If all 300 stedents use todeds in one day, with 075 L of water and around 20 students wse
waler in labocatory with 2L of waler per day:

(0,57 200 = {20 = 140 L per day

Snudenis whi live in the camius: around 5 000 studens are Staying in the campus 1o e
during Ehsir Tive yoars af aludy,

Their daily use of water can be divided in 4 paris meal, bath, diches snd laundry that is nat that
wvary frequent &8 the (hree man e, 1 we pul 05 L for meal, 1L lor dishes ard 0.5 L for batkc

(G 5= SO0 + (1750000 + 0.5 5000 = 10 000 L par doy

IISF SWad - 2024
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SUSTAINA

In acidition, they can make Their lsundny someatimes 5o f they maks it once 8 wesk with 35 L per
ek, bt ghves

ART =5 L porday

There is ales a Tact that teachers and employeas of the universily use water during iher days

an the campus, Arcund 2 000 1eachers and amployess freguent the uniwersity avery day, If all
of them use 025 L par day;

i0,25°2000 = 500 L per day

|
After summing all this, we get

;' 140 + 10 000 + 5 + 500 = 10 645 or 10,645 m3 por day

Avary larger flow rate companed to the ARAFA report that gives 6 m3 per day,

T suam e, 1 amcant of woter produced avery year in the campus is:

| 10,645 * 365 » 3885425 m3 per yeor

Méhera doas tha waier go today®

Five principal axhaust norzles of wastewator in Ankatso Unbwrsity,
= Oina in the field of agronomy departmend

¢ Two nit to the football fisld of Ankatso Undersity

- inig it the: east of 119

e - Dneat the enst COMACO Médocine

The wastewater from all |aborstories situated on the bill including Chemistry. Gealogy,
BEC/ADD, BA/ECES, and Pharmacclogy, is channeded into a common system along with tha
wastewater trom tha FRPC lsboratory, a5 well a5 those from the Biochemistry degartment and
the Department of Flant Bickogy in Budding |, Similarly, wasiewnter from facilities such as the
FLSH deporiment (restrooms, refreshment area) and all the offices of the preskdency,

including todei wastewater, |s alse directed inte this system, witimately flowing towards the
Agronomy Tield,




SUSTAINABLE VISION A

The wastewslar from the Physics. Chemical Thermodymamics, and restroom facilifies in
Building R 5 channaled through PG pipes and convenges into a comenon junction with the two
lnboratories in Buildings § [Cheméstry Loboratory, Environmentad Chemistry Labcratonyd,
Limilarly, wastewater from ihe 28 |aboraiones, restrooms, and cafetaria in deparimanis P and
O & directed nio another junction linking back to the aferementioned lsborntories and
re5Ernams.

The wastewatar trom tha hdl lnboratorias and PRC i biturcated: one siream heads towards the
Agroncmy fiekd, while the athers merge inte o junction with wastesater from taberatories in
Buildings P, 0. and |, subseguently flowing towards two outlets.  Wastewaler from the
surrpunglings of the gymnasium, DEGS Cathadral, Medicing, pnd the Baccalaursate Office is
intercormeted, funneling fowards twe cutlets situated on the Ankatse football field,

The wastowater criginating from the laboratories and restroom facilities at the Madagascar
instiute for Vacoing Resoarch, along with those from the medical-social service, ane dirocted
tawards a drairage systom. From thers, they continus their flow towards o drainage cutlet
situated east of bus stop 1190 Additionally, wastewater from Buildings & and B of the DEGS
faculties is combined with wastowater from the building west of the DEGS parking lat,
Subsoquently, this amalgamated wastewater flows towards the same drainage outlet located
cast of bus stop 118

The wastewater generated by the Water Engineering, Envirenmental Enginesring, and Geplogy
Laborateries is directed through twe drainage systems, both bnked fo o central manhale. This
manhole sarves a5 a junction pomt for all wastesater from the Polytechnas Higher Schood of
Antananarive’s lnboratories, as well os wastowater from nearby bulldings and the Conaco
facility near Stichom. Subsequenily, this collective wastewater is cormveyed through pipelines
and discharged eastward of the Madicine Conaco




Does the ARAFA solution address the larger water challenges of the university?

Through this report, the ARAFA solution addresses partly the larger water challenges af the
university becauss the amount aof water produced every day is 10645 m3 per day. So that the
wasiewaler reslmenl syslam could be lﬁq[&r Ehaisn ARAFA mm&lld in thair reporl

Aryway. the methods that ARAFA hove suggested is efficient becouse they have studied all
abaul the sieps of treatment necessary and the rehabilitation af the nfrastreclures s well

&l the parsmeters that need ta be vernified were dorsr such as COD or Chemicsl Oxygen
Demand, BODS or Baachemical Ouygen Demand, suspended solids, volatile suspended solids,
and argamic matier, &nd we can see that wasbewater from the University Campus i still sasy
1o treat because, mast of the parameters are under the standards effluent dschange.

The materials and the design suggested are also efficient because it shows innowation for the
s biimn.

To conclude, the ARAFA repart is & pood document 1o start a wastewaber treatmant far the
Campus of Ankatso University, but i1 is slse peesible to think about extendsng the sizing of the
diesipn alrandy Suggesiad

Funding of the Academic Ressarch
This Fesaarch Article was funded by the lasqualyn

Sanders Foundation as part of our efforts 1o assess
the Waater Management nesds of the University of

Anfananariva,

Soma editing of text, Figure rumbers, and such may
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“By harnessing collective expertise
ard resources, this initiative
can facilitate the implementation of
sustainable solutions Lo
improve water access and
conservation, to the benafit of
Madagascar's communities and

ecosystems,” USF Fetlow
SAFMONNOMENA Lala S0 Harndsdrae Cnjasaiisos

Masrers Groguade, Waler & Environmentsl Enginsaring

Undwirsily of Anfanamarivg
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Intreduction to the Fellowship of SAFIDINOMEMA Lala Zo Harifetra Onjavalisos

We are excited to showcase the cantributions of SAFIDMMOMENA, Lala Jo Harifeira Onjavalisan,
an accomplished student specializing in Water Engineering and Environmental Engineering.
Throsighout her fellpaship, £0 has eshibited remprkable dedication (o understanding and
tackling critical enwironmental issues in her community. Her detelled report on 'Wastowater
Management axemplifes her commitment io sustainable practlices and innevative solutions in
thig important fald,

In recognizing the diverse linguistic backgrounds of our Tellowship participants, we Tound that
not all students were entirely comfortable submitting thalr reports in English. While we initially
requested that oll reports be presended in English for consistoncy, we feol it is essontial to
honer the centributions of our French-speaking students, wha offer valuable perspectives and
insights to our shared mission. Consequantly, we have decided to presant fo's report in Franch,
her native lLanguage, to ensure har thoughts pnd kdoas are communscated authentically,

We are delighted to share thés report for the benafit of our French-speaking sudlience,
proamoting an inclusive emvironment that values linguistic diversity and cultursl heritage. For
those wha prefer English, an English-language weraion of Zo's report is also available on tha
foundation’s website, ansuring broader sccessibiliy,

We encourage you 1o explore Zo's significant work, which rot only emphasizes the impartance
of affectiva wastowater managomant bui also highlights tha vital roles of aducation and
community engagement in  festering  sustainable - development. Her findings  and
recommendations serve 85 a valuable rescurce for policymakers, practitionars, and scholars,
contributing 1o cur collective eflorts to create a cleanar, kealthier arvircnment,
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INTRODUCTIOMN

Etudier Ins @aux usdes des campus unkversitalre st cruckal pour une geston durable de 'eau
af do l'environnemaent, récossitant des rapports détadllds sur los wolumes produits, les
métthodes de trailfement existantes of des seggestions pour renforcor Pefficacité et la

conformité des systémas de gestion, (0]

L'Université d"Antananarieg, comme doe nombreuses institutions d'onseignement supérieur,
50 confrontée b des ddfis majours Lids a la gestion de 505 eaux uséns. Dans i cadre de cet
pEAman, rous enireprenons ung dvaluption irdépendante du veleme d'oaux ustos procuit
guadidiznnemaent ¢t anmuellement sur le campus. Cetle analyse vise & comgrendre 'amiplour

du probléme a1 & dentifier les meillewrs pour o rdésolution.

Dans wn preméer iemps, naus examinerons ol vont actucllement les coux usées générées par
I'Univorsitd de Tana, Comprendre e flux actue] des eaux usdes ost essentiel pour évoluer

l'efficaciid des sysitmas exisfants et identifier les lncunes pelenticlles.

Enfin nous dvalusrons Lo solution AR&FA, proposte pour répandre aus grands défis de eau
de Université. Mous analyserons en défail son sdéguation par rapport aux besains
spicifique de DUnfversité de Tana, an {Enant compla de facteurs tels gue Lo copacite, |a

durabilitd environnemantale ot les couts associds

Cette Mude vise & fowmir uné base solide pour |la prise de décision informie a¢n matitre de

gestion des oaux usdes sur le compes universitaire, on meitant on lumine les défis existands

of en proposant des scluiions viables pour avenir.




Lo nambre d'étudionts & UVeniversitd d &ntananarive est de plus de35000 par ans [1). En

megnine, un @tucdiant utilise 0,25 L d'eau par jour pour so laver ot utiliser les toilletios,

Les eaux usdes produites par les ébediants sont
0= 35000 * 0,25 = B081,5L par jours of O = 8081, 5365 =32TA247 5 L par ans. Les ddbuis
gnm 3/ et enm 3an sont ; §= 8381 m3 fjour et § =3278. 247 mI fan

Le nombre denseignanis & I"Université d'Antanarive est de 7732]. En moyenne, un

ganseignant ulilise 0,25 L d'esu pour se laver o1 pour wtiliser les toileties.

Les soux usdes produites par les cnseignants sant :
Q=773 *0.25 = 185325 L par jours et § = 1935 * 365 = 70536.25 L fan. Les débuts an
m3fj ot on m3 fan seat D0 = 0,193 m3 fjowrs ot 70,538 m3fan,

Les nombres dos PAT & I'Université d Antamanarive sont 1128[3) En moyenne, un PET

willise 3,25 L d'eau par jour pour s laver et pour ufiliser les folleites.
Les maux Usées produites por les PAT sond ;
g =128 * 0,25 = 282 L par jours o1 282 * 365 =102030 L / an. Les débuts en m3| et on
midfan sont : Q =028 m3 et 102, %30 m3'an
Il w o 168 Labarataires de recherche & Université 4" Anfanarivo [4],
La gquantité d'éau uliflisse par un labadalodre @51 én moyéenns de 40 Litres par jour.
Les saux wsdes prodwites par les laboratoires de recharche de U'Universitd d' Antananarivo
onl :
0 = 1668*40= 730 m3/j. Les débutls en m3j et en m3fan sont : § = 5,720 m3/] g1 2452 8

midian.

A 'Université d Antananariva il v a 8 Buveltes |51 En moyenne, une buvetle consomme

0 L Dsdu par jours




Les aaus ugdas produines par leg buvetias aont |
Q= 20%8 = 160 L el 160 *365 = SE400 Lisn, Les débuls an m3l| el en m3fan sontl : 0
0,16 m3/) &t 58.4 m3/ an.

La (ableau ci-dessous prdsenla Uévaluation indépandante du volume d'ssux osdas

produites guotidmnnrement e annuellement ser le campes de Tans

Tatieau I Evadisaiian inddpencdmnle o volime e ancls uades

Valume d'saux usées produit  Volwme desux usdes produit

. guatbdinmnement anmi| .Bﬂﬂl.-hilllll'l'lll'l-t @ malan
Efudiants H.831 I278.247
Enzeignants 0,483 T0.636
PAT s 10,550
Buvettes 0,16 504
Laboratoires 6,720 24528
Totaux 15,736 962,913

Sowrce 1) [£L13L14)05]
Le tableau suivant maning le volume d'eaus usdes dans |e rappart ARAFA

Tableaw 2 Volwme d'eoux usdes dans le rapport ARAFA

Volums d'saux usdes prodult | Volums d'esix usdes produt

quotidiennement an m3) annuellement en m3ian
ARFES CANBERS | o o 186,25
das canpuy Dang
laboratoires | 06 | 2100

i v 2024 . IS5 p.98 / Article p.8




Source ;: Rapport ARAFA

L BN LS| ElEn mifen
wii ok S

volume d'eaiis midei d apdei cvdluatien indépendanls of dam Ie rapgoit ARAFA

1.1 Digcussion du rapport ARAFA

Faprés lit lé rappost ARAFA, le dibil d'esux usdes dpris curagsd dés condux estde 5 a T
Lima ;3125 & 437.5 L'k et 3,25 m3f] mais le $abil des esux usdes dans [ous les
labocatoires de rechesche de UUniversite d Antanansriva agt de G000 L ou G m3’] danc

il resle encore die Peau usde gui ifést pas incluse Lh-dedans,

Par aillewrs, L@ puigarnd qui 8 616 Boauchd gour oblanir las eaux utdes b analyser au CHRE
n'ast pas clairement défing dans Le rappart de FARAFA.

Braf, # v a encore da 'eau sale gul cowle par cartaimes Buges, el cela wesl pas
menlicnnd dans la rappost dea FARAFA,

1.2 Discussion entre le volume dans le ropport ARAFA et I'évaluation indépendante du
volume d'eaux usées produites guotidiennement et annuellament sur le campus Tann

Le wolwme total des aaux usdes dans le ragport ARAFA st de 0,25 m3/| ot de 3373 3256
midian parce gua be volume des oaux usdes aprés curage des canoux ast de 3,25 m3Jj a1

e volume des ecaux usdes dans les laborntobres des recherches esi de 8 m3y),

L walurmen das caux gsdas produites gustidignmemaent of annuellamant sur o campus de

Tana aprés 'évaluation indédpendante est de 15, 736 m3/) ef de 596293 m3jan,

Si on regarde Lo walour ot I'histogrammie dans le photo 1 ci- dessus, le velume des caux

usdies produites guatidiennement of annuellemant sur le campus de Tona aprés

I'évdluation imdépendante est plus gramd que le valume deaux esées dons le ragpart
ARLFA




L dabit des epux usdes soriand de chages buse nest pea ndigué dans |2 rapport de
IARAFALD pEl pourgudi bes valaurs SomE trés dlaignas,

Ik Los eaux uadas aujourd ol

Actuellement, les epus usees oo cBmpus sonl rejetées direciemani dans lemaronmnermsn
ROME SUCUN IrailEmant. o qul peut ayoir des conEdquances netasies eur lenvironnemeant &t
1 ganté publigue. [6]

Iy 8% principaus poents d'éuacuaion des apuy usdes sur be Campus Universitaine |
= Uine buse d'évacustion des aaux usdas se irouse sur la champ dAgrancmse,
= Line buse d'évacuption des oaux usdes s trouse b IEst du CONACD Medacine,
s Dpux buses dévacustion des apux usdes e trouvent en bas du terrain 9o Fopt Ball
d'Ankalsn,
» Line buse d'évacustion des eauy usdes se trouse b 'Est de Uarmét do Bus 119,

LY, Evaduntion don aaus usdes dans e champ dagronamia

Les eoux usdes de tous les laboratolres de la colling (Loboratolre Chimie, géologle, BEC
JAD0. BA/ECES. pharmacologie) sont connectées dans un regard evec les saux uséas du
laboratoire PPC, alnvel gue ceux des laboratoires du déparfement bepchimie et du
départemant biologle végdiale dans le batiment |

Lk aauy usdas du dopartemant FLSH (es todettes, le buvetial af las saus usdes dans tous
05 bureaus g La présiience, comma las aaux sees e tellaties, sont connecidas dans un
canpl avec les sauy usées des |laborabeires mentionnég ci-descus ol gul s'ecoulant vers |

champ d'Agronomia




L ek

"ADEN

1.2, Evncuatbon dos oaux usdes b I'Est du Conaco Midecine

Lies aaus u=des dos Laboratoires Génde de Ueau et Génle da 'environnament at EﬂEllD.EIB‘ ot
EVICIAEEE VIR deud paisarss ot gui sont connECidns 8 un rEgard commyn aves tous s aaux
usiéns des Laboratoires du VEcele Supdriour Polytochnigue d Antananarivo ainsi qu'aux eaux
uséas des batimants et des Conaco slfud b proximétd du Stichom.

Lo somme de toutes cos eaux usées passe par les conduites et ost dvacude & 'est du conaco

hadecing

Frguea 1 ; Bugd drdvacud Dion deg adix tddad & UEal dir condd e miklecing

L3, Enaix usdtas s dvacusnt par les deux buses dans e terrdn du Foot Badl

Les aaioe sdes das laboratpines de physiqus, de theemadynamigus chimigues ot das tollatias
g batiment B s'dcoulent b travers des wwysux PYC et qui se connectent i un regand ave: les
deux Inborotoires dans les biitiments 3 (Laboratoire Chimie, Laborafoire chimie de
Parvironnamant], Les oaux usdes des 28 Leboraioires. das tolleites of de la buveile des
dispariements P et O s'deacuent dans un regard &t qui sont connectdes aux laboratoires of
aux toilettes monticnng ci- dessus et qui sont coldas wors les deux bisoes sur i ferrain de

foat Ball Ankatso




Les gaux usded des laboralaires colling, PPC séparent en deux yvoees, led uns s dvacuan
warg & chamg dagronomie a1 [es autres sonl connecides dans un regard avec |28 daux
usdes dieg laboratoires dans lé Batimeant P O, 1ét qui scal couldis wirs Lis déux busas sur |&

terrain da Foal Ball Ankatlsa,

Les eaux vsées du gymnase des toileties de la cathédrale DEGS, de Médecms al da
I"OMEce du kaccalaurdal Lont loutes connecldas el s'dcoulent vers les deux buses sur |
terrain oo losl Ball Ankatoo

Fegevn 5 Baie el svacumrdes Figern & Boria o drwiciim ks 7

L&, Evncuation des aaux usdes i Est de "arrét de Bus 118

Les maus usées des laboratoires, des todeties de Madagascar Institute for vaccine research
aof celles du servico médico-social s'dcouiont wors une conduite puls elles se dirigent vors |a

buse situde 'Est de Uarrét de bus 119,

Les eoux wsdes du batiment A et bdtiment B des facultds DEGS se connecient & un regard
commun avec les caux usées du bitimant & owvest du parking DEGS puis elles s"écoulent

vors la buse b VEst de st de bus 119,




1. Oud, La solution ARAF A rdpond aux grands défis de Ueau & U'undversitd

La soluticn ARAFA wisa & fraiter les esux usées du compus avant leur repal, ce qui pournsil
contribeer & résoudre les principaux défis lés & leau fels gque bn profection de
l'envircnnement el de la santd publigue. Copendant, sa mse en osuvre nécessilerait des

mveslissements Significatifs an infrasinec turés @1 én Tontticnnement. [T]

La gestian efficace de l'eaw constitue un défi majeur pour les nstitutians universitaines &
travers be monde. Lintroduction de la salution ARAFA & suscitd un inténdl croissant an lani
aue moyen mnovan! de rélever ces diéfis. Cette étude vise b valuer dans ouelle masure |a

solution ARAF& répond sux grancs défis de Veaw & VUnivessild

L1, Amalyse des défis de 'eau & I'Université : [B]

I 1.1 Gesrion de (s demande en aau:
Less campus universiladres nécassitent dimportanies guanlités dean pour répondre aux

besoms des Sludiants, du persannal a1 des infrasiruciures

Il 1.2 Conzervation de ['aau
La réduction de la consommalion d'eaw et la présarvation des ressowces sont essentiellas

pour assurer & durabilitsé envirannsmantala.

IIT 1.3 Gedrian des saux uhdes
L traitement alfficace des eaus wsdes &5l crucidl pour dviler o pollutedn &l présarves |
quialité di adai,

IIT. 1.4, Agepraticn au changamand climatigus
Let effeis du changemenl climatigue, tels gue les shcheresses al s précipitaliaons
régulitngs, impactent la dEsponibilité ot 1o gestion de 'sau.

L2, Evaluation de La sclution AFRAF &

T2 1. Geatnn inlalligants de [a demanoe an ead

ARAFA ulilise des capleurs @l des slgorithmes avancds powr sureeiller &1 optimiser &

consormmaticn e, parmeliant uhe utilisaton plus aTlicace det regsorcng.




L2323, Technolagies de conservation de e

Des foncticnnoklités gue La détection des fuites ef Lo régulation de la pression contriboent &

minimisar les perias,

It 2.5, Traitemenls dos eaux peies

ARAFA intégre des systimes de fraitemdnl des caus usées gui rédetent Lo pollulan &l
permettent une réutilisalion sure des caux traitées, Lo solution proposée, le systéme
DEWATS, samble &ire béen adapiée au contexie de ["Undversits, Ca sysiéme comprend un
filire & sable of un filtre & planté, qui peérmatient un Irailement afficace des asdus usdes
aviEnd bewr resel. Lo dimensionnement détadlé de ce systemo indioue que Lo solution a ¢1d

dfudde de mansire approfondie

IIT.2.4. Adaptabililé aux condilions cliimatiquaes
Lek algarithmes dé grévisicn de pomle TARAFA prévoiant lés vanations méléonologiguss,
pErmellant ud gestion prosclive de 'sse pour atfdénuer |es effets du changsmen

climatigue

L'ARAFA présents wvn polentel promailew pour relever les grands déhs de 'eau de
luniversité. En midgrant des lechnologies avancias de sumveillance. de conservation et de
traitement de Ueau, ARAFA affre wne appeoche holistigee o alficace pow garantic une
pastion durable de Dedu swr bog campus Universilairad. Capandanl. des afforis conlmus de
recherche, de développement el de mise 6n uwie Seronl nécessares pour aplirmiser
lefficacitd el maxsmiser las svanlages de celle salulion dens les endronnemeEnts

Univarsitainas,
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RELEVAMNCE OF THE ENGAGED SCHOLARSHIP PROGRAM TO

THE UNITED HATIOMNS SUSTAINABLE DEVELOPMENT GOALS

‘Wall-known scholarships like tha Rhodes, Goatos
Combridge, ond  Fulbright  offer  significant
Tinancaal suppart and presbigicus credontials, bul
thay nre Mghly compatithee and Borsfit a limitod
numbier of siudenis These scholarships often
tocus  on  addressang lwge-scals,  global
challengns and nuriuing laaders 1o work cn b oasd
soCHEnl issues. Scholars gnin pccessa fo vast
niwerks, maniorship, and rosowces, facditnging
thiir abslity 1o teckle major problams

in contrast, the 135F Model |5 inclisive, aiming to
ol o lnrgor number of students in manrengtul
projecis. it emphasines soldng ocal probbams,
direcily bermfiting the communéty bn which ihe
university |5 situsted, Studenis gain hands-an
QEPRI@NCE BN rpal - prablam-solving,
enhancing thewr education nrd practical skills. The
maodol is designed to bo replicable and adaptabin
by nny  umiversity, nllowing for  widnspread
i pbomentation and continuous improvement.

Thas winluie o Wninersilies inckling local problams is
manifald. For students, working on aciual issues
allows them to apply their academic knowledge to
practical sihuntions, preparng thom for thedr
future careers. Actively participating in problams
solving  increases student engagement  ard
modivadion, fostanng & deoper connpciion (o thar
studies. Additicnally, sisdents develop o wide
range of skills, including reseasnch, critecal
thinking, progect managemsent, and collabaraticn.

Communitees benefit from having local issues
receier focused attention from bright. motivated
students who con bring fresh perspoctives ared
mnovative  solutions.  Collsboration  botwesn
universities  and  focal  govemments of
arganizations can lead fo better-iniegroted
commundly efforts and stronger parinerships
Leveraging the resouwrces of o uniersily, such as
labs, librories, ond expertiss, com make a
significant difference in sddrossing community

challengos.

Tha Secqueiyn Jestine Sandars Fowndanon
darpgarits fbe Sumlanaéle Devalspnent Gosla

For universities, engaging in salving local problems
anhances thair rputation and domonsiraies ihair
commitment to sociad responsility, Successiud
projocts  can piernct  fundeng  Trom Gonors,
Hopimmant pgencies, and Busingsses intarastod Bn
sipporting community-focusod inltiates. Offaring
siudents tha chance [0 work an renl problems can
plsg maEg Che univorsity mone  atiractive 0o
prospective stdents seoking & comprahensve and
proctical sdscation

An gxample project, such as tree multiplication and
carg, Hlustrades the benatits waell  Agnculfurs
stplents can lpam tha onling procase o1 Dhea
mudtiplication and mursery management, gaining
waduable shills in harticuliune, Producing ithousands
af treps in o Schood yeRr can congribine
significantly to local reforesiation offoris and
environmontal sesisinakality, Such projecis can
involva local communitios, raising awnremness nnd
fasbering o senso of collective responsibility for
anviranmenital stoeardsbag.

The IFSF Model's koy idea is scalobdity ond
replicability, The model ks not intended to cxpand
sodply wnder i MFSF  Foundation's  direction.
Instoad, M serves as a bluogpring that odhoer
instibutions can ndopt. adagt, and improes upon, By
angaging the roxi goneration of siudents as active
participants in thodr education, focusing on real-
world problems and condributing o sclutions, 1he
model promotes comiinuous Imgirose g,
Ermcouraging urdversities 1o tako ownership of the
modael @nd tador 11 1o their specific conboxis ablows
the approach io owolve and Improve awer fima,
driven by the colloctive offorts of studonits, faculty,
and communities.

In conclusion, fhe WUSF Mode! presenis a
compelling approach to cducation that integrates
neademic Llearning with real-world prablem- solving.
By involving studenis in fackling local issues,
universitics can prowide valuable experiencos,
barafit thewr communities, ord fosier o cultwe of
inncvation  and  cesponsibility.  This  moded
complements the impact of exclusive scholarshins
by offening o scalable. inclusee, and procticad
framescak  for  odocoliornl and  societal
odvarcamsent,

SUSTAINABLE
DEVELOPMENT

GOLALS
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RELEVAMNCE OF THE ENGAGED SCHOLARSHIP PROGRAM TO

THE UNITED HATIOMNS SUSTAINABLE DEVELOPMENT GOALS

The Jacgualyn lesting  Sandges  Foundation's
Enghgad Scholarship Tor Sugtainabla Solutsona
program aligng closaly with several of the United
Matiens Sustainable Developmant Goals (SDGs],
Theas goals are designed o oddrmess  global
challenges and promate sustanabie developmsant
in wariois sectors, Our program's emphasis on
imslving  unielsily  fludents im0 real-world
prablem-sclving comnbulos o achaving 1hese
goals im maeanngiul ways. Hare i an owrview of
Ferw grur program supports specilic S0GE

Gisall 4: Quald ity BEducaticn

The Engaged Schodarship program anhances the
guality of education by integrating practical, feal-
werld problams b the academic curricelum. By
engaging sludants in addvassing critical issuaa
sinch B4 Walar Management. we prowide hands-on
lenrning opooriumities that go boyond theomticael
atidios, This approsch equins siudonts with tha
shilts, knowledge, and oxpedipnce nooded to
tackly complox challenges fostoring A mono
rofust and praciical education.

Goal G Clasn Wnter and Sanliation

Dur Ffocpa  on waded infrsstrucoure ard
managaman dirgcily cantribates te Goal 6, which
s o ansune  avalabilidy and  sustsnablo
minnsgaenen of waotor and sanitation 1o 6ll By
pciiressing  tho  waber istues Teced by ihe
University of Antananaren, (e programo sorks
towardds impeoving eocoss 19 cloan wator ared
afficaent ganitation systems, Student resoarch an
fopies like water Flltraticn, rainsater haresting,
and  wasbrwnier  monagement  hedps  dovolop
sistninnbin solutions thal can be imglomended
locnlly ard potendlnlly scatod globally,

Goal 11: Sustainable Citios and Communitios

The program’s  offorts fo imorove  waber
imfragtruciure im0 Anianpnarive  support  ihao
crisation of mare susisnpbds and reslient urban
ervinonments. &5 the city struggtes 1o provide
bask serdces o lis growing populalkon, our
siudants’ innovntive solutons can holp addross
thoso urban challenges. Enhancing the university’s
wiler management system alse condribufos to
miaking the campus & madel of sustainability that
can inspire brosder community offorts

Ceanl 13; Climate Actian
By promating sustanpbly  walor  managemani
praciboes  and  pddressing the  impacts  of

deforoatation and desertification. 1he progrom
FUpDTE Climate eShon  imbabiods.  Fedaanch o0
wiotlands, permaculture, and agrolorestry  halps
mitignte thir affects of climate change by promating
practices that anhancs carben soomatration, rduecs
soil avosicn, and improve waler matenticn, Thess
aftarta slign with Goal 13 whath focuses on 1a8ingE
urgend aclion to combal climate change and ite
imgpcis,

Ganl 15: Lite on Lamd

Th program' s mvolvammnd in reforesiataon and 1ness
propangaticn etforis supponia Goal 15, which sims i
protect, resions, and promote sustainable usa of
tarrgatrinl ecosystoms, By producing ol-rigk 1nes
gpacd  and  redearching susiaanable Land
MaNNERMOn] praciions. our students contribule o
tha pegciareatasn omd restoration of Madagrscars
urigue  biodivarsity, This work helps  combal
deforestation, promots relorestation, ard mainian
heslthy pucsysLomE

Gaal 17: Partrerships Tor tho Goals

Tk Engaged Scholarship program ambodines the
apiril of Goad 17 by lostering pasinerships Detwoen
thar Fouredaticn, universitins, and tha global acadennic
commignity, By imviling inlernptional scholars 1o
PR in poar ficei Bnd  collaborntion, e
strengthan ihe mearns of iImplemeniaton  and
rivvitalize the global partnership for sistainabls
darepbapmant, This collaborative appropch andungs
Ehat our eftoris arg informeed by diverse perspectives
and exparise, anhmncing tha overall impnet of the
PFCRTAML.

The Ipcouielyn Jostine Sandors Feocndation’s Engoaged
Schotarghip For Sugtainablo Salificns program 5 &
powerful cxnmpbe of how education, research, and
procticsl apploation can comae tagether fo addross
critical global challongos. By aligning our eMforts with
thix Unitod Mathons Sustoinable Dovelopment Gonls,
wo not only dmprove local conditions but also
contnbiute (o brondor, globsl sustainabdity afforts,
Wo inwvite the scademic comemunety and odhor
stakoholders to join ws @0 the endeovar, helping 1o
rafine and sapand the program fo moadmine its
imipact on sustaimable dovolopment.
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This article explores the integration of permacul ture
principles, specifically focusing on technigues like
System of Rice Intensification (SR} and agroforestry,
into traditionnl rice cultivation practices. Through a
cost study analysis of successful implementation in

various regions, inchuding Madagascar, India, and
Vietnam, tho benefits of sustoinable rice farming
mathods are highlighted. By emphasizing practices
such as pelyculture, integrated pest managemaent,
composting, and mulching, farmers have reported
increased yields, reduced input costs. and improved
soil health. The article discusses the imperfance of
agroforestry in providing shading within rice lagoon
systems and i1s role i enhancing biodiversity ond
climate resilionce. Owverall, the findings suggest that
incorporating  permaculture  principles = rice
cultivation can lead fo more sestainoble  snd
productive agricuftural systems. Lot us refer fo this
pombination of wet rice field agriculiure mixed with
[¥ruit] treses _ as “Watlands Agroforastry”™

Wetlands
Agroforestry
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Introduction

A% onvironmental concerns and the need for

sustainable pRriculiural praclices B0,
inlegrating  permaculiure  penciples  into
conveniional farming is  gaiing  attention
Parmaciul fure, darivid Tram "pErmanent

agriculteee,” is a kolistic approach o farming
that emphasizes sestamnability, beodiversily, ard
natural syslems. In the context af e
production, permacullure can oflés imvaluabde
bermefits, anhancing bath emaranmental health
ard  agricultural preductity. This document
comganes The résearch eTforts in Asia and Africa,
highlighting kéy areas of focus, challenges, and
apporiunities, with a particular emphasis on

inneealive waler managemant achnagues and

notalile lagoon-based permaculiure projecls




What is Permacul lura ¥
Permaculiure is a8 design philoscphy 1hat works

wilh matural processes (o cregle sell-sustainmg
acasyalama. 1 invelves  princigles  such &8
abserving ard interacling with matural aystems.
capluring and slofng energy. and WmISEralng
rather than sagregating different comparents of
the acosysiem (Mollison 183381 In agreciiure,
ihase panciples aim 19 creals ood aystems That
aTTician.

are  resiliend, and  enyvironmentally

trigndly

Benadits of Permadulbura im Rice Production

Sedl Health and Fartility

One of the core principles of permaculiure is
maintaining soil health. Comanticnal rice fanming
often relies on synthetic fertilizers. which can
degrade soil quality ower
encourages the use of natural fertilizers and

lime  Parmaculiure

arganic matted. such B3 cOmpas]
This appraach
maintang the sod siruciure pnd promoies he

and  groan
marare, which enrich the sail

prasenca of benaliceal microorganisms [Altien &
Machalls, 200

For inglance, mocarporating nitrogen-fixong plants
like lpgumes m paddy flelds can naturally
maplemsn S0l nutrkents, reducing he need 1o

chamical fertilizars,

Waleer M anagemsanl

Rice production is fundamanially water-intansive,
with traditicnal methods requiring large amounts
of Irrsgation Permaculiure advecabes for afficiant
water use through techniques Like swales, ponds,
ard mulch, which are pimed at oplimizing wator

ratent:an and congarvation, espacially critical i

ragions prone to beth dgroughi and hoavy ring
{Fukoscika, TATE],

Slawing Dowin Rainwatar

Imglamenting swales —shallow,. broad ditches on
cantour lines—Ffheps (o capiure and stow down
raifwater. Thes techniguoe fedeces 40l anos=on and
o parcolate o the ground
recharging grourdwater supplses and inSreasing

allows  walar

sail mossiure, Swales prevant the rapid runall that
wpecally ocours Ouring  heavy instaad
allawng water b be abasised gradually mtg tha
goil, creating a morne consssient ard prolonged
waler gipply Tor crops

rains.

Sloring Water lor Dry Paricids

Creating ponds and resersoirs withen rice paddias is
amother  pormaculiure  sirategy  that  slores
raimwater Tor use during dry pericds. These wates
bodias not only serve as 8 waber source during
temsas of scarcity but alse play a role in supposting
biceliwaraity. 8= thay can be miegrated with fish

hiabitat,

Filtorable Water Benalits

By copluring and storing waler through thase
mathads, permaculiure systems often  produce
cleaner, tdterabbe waler, An walor moves through
the w0l and plani reots. |t undergoes natenal
Titration, which can significantly improve water
quality, making i1 suitable for agricultural and enen
household use atter further purification,




Biodiversity
Permaculiure promoties bicdiversity. which <an

fesd (o healtheer scodyvsiems and more medilient
(Hodmgran, 20020 In fige  prodieslion,
integrating difterant plamt species and livesiock
creates & balanced mnd diverse sysiem This

Gropa

diversity helps contrel pests and  disesses
naturally, redlance on chemical
pesticides,

Agroforestry. Tor example, irvalves planting tress

alongasde rice feelds, providing shada, hablian Tor

reducing  the

Denaficial insecte. and additional mcome thraugh
timibspr oF fruil. Swch systems enhance the gwarall
rasilience af tha tarm

Ezonamic and Social Benalits

implamaniing parmacilbre strategies can lead 1o
aconomic benelits for farmers. Reduced reliance
an chemical inputs lowers production costa. whila
AnRres Crop syRlems can provice maltipla ncoms
Additianally, permaculture precices
iten requing |ess labor-inienssa methoots, making

sireams,

farming more accassible for small-scele and

marginalized tormears (Mallison, 1958)

Case Studies

Syetem of Rice Intensification (SR}

The SR method, which

parmacullure panciples, Ras shown significant

incorporales - several

banalils n varicus regions. By planting younpear

reducing  planting density, and
et hods
anhance rool growth and ncresse yields with
fewir inpuls [Uphatd, 2003].

sl ings,

wmgraving  walés  management, SRl

fatagrated Aice-Dieck Faniming

In countries ke fapan-and the Ehilippines, Tarmers
Pave  succeskfully imtegrated ducks into Fice
paddies. Dwcka halp control pests and wesds whils
prowiding natural Tertlizer throwgh thaeir droppings
Thiz mathod hat smproved vields and reguced ha
mead Tor chemacal inputs (Gopalakrishnan et ail.

2ltalk

Agroforastry

The practice of integrating freas nlo rice lagoon
gystems Tor shading
“agroloresing.”
intentional comiynation of trees and sheuba with

in aften reterred 10 B
Agrodarestry il wes tha
craps or lvestock to create & mare sustainable and
productive agricultural system.

In tha context of rice culthvatsom, incorporating
treas around oF wilhin the rice Tealds can provide
seversl benefiis, such as shading the rice plants,
reducing watar avaporatan, impraving 5o haolth
throwgh  rodt  sysiems,  attracting  berelicial
ingacte, and providing  edditicnel  sownces  of
|rvemss OF misdriElon,

Agroloresiry proctices im rice cultsvation can help
anhance Bodiversity, improve resilience o climate
change, and promote maorg sustalnable and hellstic
land managamant, The integraton of rees in rice
lagoon systoms & ang of the ways farmars can
Implement agroforgstry principles (o create mong
divarss and roaillent agricultural londecapos




Hotable Wetlard Permacultere Project

Kaoh Rong Island, Cambodia

Project Mame: Song Saa Reserve

Overview: The Song Saa Reserve on Koh Rang
Island is an impressive large-scale permaculture
praject that inlegrates rice paddies with water
lagoons and diverse agroforestry systems. This
praject forms part of Scong Saa's effort to create a
sustainable community and ccasystem while
fecusing on responsibde fourism and agrcul fure.

Koy Footures:

* Integration of rice paddies with naturally {
acourring water [ngoons. -
* Planting of native trees and fruit-bearing species Fipans | Sor San Mo iar Pl
within the lagoon system. Phats Crichts Rl songaaan senadasm
* Utilization of nutrient-rich water from the lagoons
o irrigale rice fields

Cultivation of edible aquatic plants and fish to
enhance productivity and biodversity,

Benefits:

 Improved watler retention and soil health

' Enhanced biodiversity and resflience of the agro.
Beasyslam

 Prowvision of multiple incomse sireams from rice,
fruit, and fizh.

Quate fram the Sang Saa Frofect Website:
*Considerable work has bean devotad to the
development of an effective sirstagy for the
rastoration of rainforast at the Song Saa Resarve
Hey to this has baen an appraciation that
rainforest restaoration iz abeut mose than just
‘planting trees’ and reguires an wnderstanding of a
range of dsciplines. Thie entails uniting beology,
g0l and social schanca, hydrology and blpdiversity
congervalon in a strategy that encuras tha
greatest opporiunities for restoration success.”

Fagara & T Canagranney i Cambssdin
Phate Crachs he lE\Songiamdpisrmicomy’

Song Sap Roservs Wabsite, (20024, 16 Mayl. Ona-
Million Troos Programima,
hitpss!/songsanresane. comdbeyond-
sustainabilityN-million-irees-programme)’

Frgure % Lagoons of Song Saa
Pl Craa e Bl Lo i ai adi e i iy’




Motable Weiland Permacul ture Method

Mekong Delta, Vietnam

Praject Mo

WG Farming System (Wuon-Ao-Chusng)
Drrarviews The VAT farming system in the Mekong
Deles is a draditicnal Vietnamese Tarming matbod
that egitamizes the princples of permsculiure
WAL stands for garden (Vuon), pond (Ac) and
livestock poen  [Chuongl, representing the
iegration of diverse agricultural  prsslices
including rice and trée cultivation combined vith
adquasuliure.

Key Features:

« Fice felds are constructed around waler
Lagoans (pands) that are stocked with fish,

w  Treds, such as coconul, banana. and Trsl [reses,
e planted around and within the rice fislds,

& Duck and other livestock are mlagrated inlo
the system contributing 10 peal contral snd
gl Terility.

Banafita:

s Efficient use of lend and waler resounces.

& Matural pagt control and reduction of chamical
LIGE,

Divergified and stable sowces of Tood and incame
Tor local farmens

Qisate from Permaculture Mews on WAC:

“The typical VAL gardén-Farm in & coastal aréea is
Froem 2000-5000 sguare meelres, |1 S bordered by a
roew Of Casuvaring equisedifolia which acts as a
wirkdbreak, hinders drifting sand and filters sall
Orthear tirmber trees and ratians are demsely planted
on mourds built up around ihe garden as
protection. Within the garden a wvariaty of fruit
Ereses is growre such o Gananas, mulberrses, figs,
papaya and citrus, plus (uber orops such ag Swesl
palate, armowrosl end pECama. Fish and prawng ange
raiged in brackish ponds and canals. The mast
common Torms of Dvestock rofsed are bulfalo,
cattle, pigs and pouliry. especially docks.”

Permaculiure Mews Website. (2008, Oolaberh

Wuan - Ao - Chuang - The Traditional Veslnamese

Farm. il gl songeaaragerad Comibnond-
inability/1-millicn- ] '

Figure #: VA Styls "Lagoon Famming”™ im Visinam
Phabe CrediE Fibpes enoapress nedl



Hotable Lagoon-Based Permaculture Style of
Fareming

Sundarband. Indin and Bangladash

Propacl M amd:

Inteprated  Mangrove-Aguaculture  Farming
Sywtem

varviews The Sundorbans, a vast mangrove
Tarast area in ndia and Bangbadesh, Feptures
inngvative  permaculture  propects  where nce
fiebds ame nilegrated with mangrove Lagoons
Those acotyalems hamness the naturs] Benslits
al mangroves, such as waler tiltraticn arsd stoom
proteciion, alongside sustainable nce and iroe
cilllivaticn,

Ky Featiuras:

» WUtilization of bracksh water from mangrove
tarests i rice cultivaion

« Flanting of mangrowe trees and other salt-
tolefant speckas arownd rice paddies and
lagoons,

« Integrotbon of eouaculiuee, ncluding fish and
shrimp tarming, within lagoen systams

Banefits:

» Enhanced resilience 1o climate change and
starm surgos.

e Improead  water quality  and  soil  health
ihreugh natural fdiration,

« Sustainable livelihosds through diversified
agriculiure and aquacul ture,

Fgguiri 5 Mangrons Acpuscultinmg, [ndia

Pt Crgahits Tl Macug, indea & SSAF
Mhtpsfeww mangrovesioriheluturaon news-and-
meda/noes)

Figuen B inbagraied Mangnoss Acuaculiung, india
Prabo Crocht: Aguscul furs ornal isss 209, o 43-59



Hotable African Permaciliure Praject

Abukagsims Dagis, Egymt

Pragpect Madme: Sekam Profect

Owarview: The Sekem Project in Egypl's desen
region is a pionesring example of large-scals
sustainable  agriculture. 1T inlegrales  waier-
aificient permaculture practices with rice and tres
culltivation wilhin man-made chsis systems.

Ky Faativas:

« Crealion o waler lagoons and channels Tor
atlectivg irrigation in arid regons

» Cultivation of rsce plongside date palms, citrusg
traes, and atler frull ifrees

* Usa of hisdynamic Tarming pracistes 1o enhanc
£0il tartdity and productivily,

Banalita:

< Etficiont use of scarce water resorces in and
arviranments.

= Increased biodsersity and ecologscal balance,

+ PFromotion of sustainable agriculture and nural
dervalopament,

Quate from SEKEM;

Figarss 7; Winaig] Trisgs oof Eigallng o Sk Qlivrding:
Photo Credit Brochorn, SEKEM (wew sokemuonm)]

Spkermn. (2024 May]l “The climate abave the surface of e soil i one facior kat determings how Tast oil
degrades and water evaporates. By planting trees around the Tields, we acheeve several ellacts. on lop

ol & plaagant scanl: Th réees break the wind 8o thal it chnnol Blow away he Lo 2oil: the shads brings
cooler and mare humid air, which creates & micre climate amang the swraunding tres lines ol & fisld the
photosynihesis of the trees uses carbon dicxide and emila [he needed gxygen instead: and in the long
term, the groundwater level slowly rises because of the cooler surface and brings additional micia-

climatic change.”

‘Webpage: AIR & WATER. Sekem. Ratrieved from hiipsdfeekem.comienacalogy/air-walen




SPEEDRICE Permaculture Project in Madagascar

Project Owarview: The SPEEDRICE
inifiated by the Aga Khan
collabaoration  wiih the Innocent Foundaticn,
focuses on improving rice yields and eaphancing

praject,
Foundation in

food secwrity smong vulnerable households in
Madngascar. The projoct introduces tha Zanatamy
(IRFPS],  which

suslainable  agriculture

Rice Permaculiure System

iMegrales  various
technigues aimed a1 boosting productivity while

preserdng the anvironment.

Ky Companants of ZRPS:
# Salf-Made Inpulss Farmars ane
produce their own high-guality seeds, natursl

fraimdd 1o

pesticides, and coganic fertilizers, significantly
reducing costs and dependancy on axienna]
inputs (AKF | The Learmang Hub) [Serve Boldly
‘With the Pesce Corpsl

« Direct Seeding: This techmgue reduces labar
by up 1o 50% and produces |&rper, healthier,
and more drought-tolerant plants. it slso leads
1o earlier ripaning crops (AKF | The Laarning
Hubj.

» Crop Fotaticn ard Mined Cropping: Integrating
laguemes gusch g Bapns oF COWPeas INbe rice
fialds

retention,

impraves  $0il  fertility and  modsteng

supparting  year-round
produsction (ARF | The Learmeng Heb),
& AproTaresiry Integration: Trees and shrubs ane

fields fo

crop

integrated  inte  rice anhancg
bipciversity., provide aciitional spurces of
imGoeme, &nd mitigate climate change impaces
[(AKF | Hubl (Aga Khan

Diavedopment Mebwark),

The Learning

Wenimal Tillage: FPedwsed tillags praclices: arhanca

=0il structure, increase organic matter content,
ard improye the sol's waber refenton capacity
{AKF | The Learming Hubl,

Banafils:
» Enhancad doil fertility through netural mulshing
ARl Grganic Mmatner Trom bamibes.
- bingraved walel retentlion and prevanlion of sail
arDSic
 Diversified income sireams for Local communities
Froem Bamboo, rice, ard Truile,

Increased resilience of farming systems o
clenatic variationg,

Challengas

Despite its promésing approach, the SPEEDRICE
project faces challengas such as limited accoess to
agricultiral tools and iregular ralnfall pattems
Contenupd  support and  adaptation 1o local
conditions are esseniial for the long-torm succonss
of the projpct. Expanding training programs ang
intpgrating more advanced wator management
sysiems could further enhance the resilience and
progductivity of rice forming in Madagascar (Aga
Khan Davelopment Motwork) (AKF | The Learning

Hul.

Future Directions
The SPEEDRICE

domonsirates o

praject  in Madagascar
comprehensive approach 1o
tackling fopd security and envircomental
challenges through sustainable agriculture, By
empowering loced farmers with knowledge and
resources b imploment the Zanatany Rice
Permaculture System, the project not andy aims to
incroase rice yields  but  also  promotes
erivircnmental sustanabdity and resilience agamst
climate change. Confinued imssimant and suppard
for such indtintives are crucial for the long-term
prosperity and food security of commumities in

Madagascar.




Linking Wetlands Agroforestry 10 Madagascar's
Deforesiation lauas

hMadagascar hag aEparEansed
deforastation dise 10 agriculiural expansion, illegal
legging, and the wse of slach-and-burn Tafmeng
i hocda, has  Lad
degradation, |loss of Dicdvearsity. and disnupted
watar cycles. egrating pemacullure grancaplad,
inciusding Soraga, Ercurifsatar
management. and tree planing, can addoess (hesa
iggisdg ol factivaly.

axianiEng

Thes  daloresiatsaon ta 8ol

Waner

Cambatting Sail Erosion and Degradation

Tree Planting: Melorestaton and agrotoresiry
restore  degraded lands. Treas
Estabilize 1he s0il. preventing erosicn and improving
faridity. 5 assentinl for  sustanabla
agricultung

pracisias Con

wihich

Parmaculiure Dasign: Implemsanting parmacul furg
designs that include swales and contour planting
can reduce ol erosion and enhance water
infitration, benafiting both the envircnment and
agriculiural produstivity,

Restonng Biodkwarsiiy

Habitat Creation: Planting native frees  and
creating diverss agroioresiny Syeieems can negiong
habétais wildlifa,
pramating blodiversity and ecelogical balance.

for  Modagascar's unique

integrated Systoms: Permacudiure systems that
infegrate  trees. crops, ond livestock create
multifunctional landscapes that support 8 wariety
of spacies and ecelogical funciions.

Impraving Water Managemant

Water Silerage Saliitisna: Building  pomds,
resarvoirs, and implementing raimwvater harrecting
Gyslams  chn anhansg  water

agriculture, reducing pressure on natural water

pwalability  Tar

gources and Fproving reslience to drought.

Grovndwater  Recharge:

parmaculiurg practices that enhance soil stroctung

Tress  and  ofher
and water infdtration belp recharge groundwater,
ensWINg & sustninabla water supply for both
agreoultural and domes tic use.

Fromoting Sustainablbe Livelihoods

Drivargitied

systems provide multiple income spurcaes, IMproving

Econamic  Banalits: apraforesiny

the econoemic resiience of commuonities. This
reduces the meed for destructive practices like

glash-ahd-buim @ ricul fumd,

Community Engagement: Engaging bacal
camemunities in permaculiure progects can baild
awareness and skills for  sustaimable  Land

managament, Tostering long-term anvirenmental

stewardship

Fogure & atagunoar Fuos Progcton VWoaee e me TresT
P Cresd Mg B Foundaton (hitgss S i oag ik spesnion’)




Technigees for  Enhancing Water Storage.
Groundwater Hoalth, and Tree Integration
Swales and Contour Planting

Swales: Swales are shallow, broad channels
dezigned 1o caplure and alowly relesss water inlo
the =ail. They are typleaslly construcied along
coniour Lines 1o maximize water midtraticn and
rchucs il

Contour Planting: Flanting along contours halps
slow  water Tow. enhancing @hiltralion and
maclucing ercsion. This techmigue is particulady
atlectg In hilly or sioped areag,

Poreds and Hegervgirg

Water Stornge: Construcling ponds and reserairs
fedds  provices
Thiesa

within of &dpcent 1o rica
signiticant waler storage capacily.
strisctures capiurd radvsaler and mindatt, making it
avadaile o0 irrigathon during oy paricds

Microclimate Ragulation: Ponds
ragulate microclimates By sncreasing humidity and
providing habitat for Banaficial wildlita,

hulching and Ground Cover

mlso  halp

Muleh: Applying ergamc mulzh argund rice plants
hedps retpin soil moisture, reduce evaporation, and
improve goil ealth, Mulch also confnbutes 1o tha
arganic matter i the smi, unhnnl:ung its weadar-
helding capacity,

Ground Cover Crops: Flanting cover crops during
oif-saasons prevenis sod erosion, improves soll
striscturg, and anhancas groundwatar recharge

Rainwater Harnesling Systoms.,

Collection Systama: Ingtalling FEinvwalar
harsaaling systams on rosiops oF olher structunas
captungs and @irects rainwatar inlo slorage (anks
ar dirgetly mio the fielde, This wates con be used
reducing

far ireigabion, relisnes an  extennal

SOANGES,

Supplemaniary Irrigation: Harvested rainwaler
can supgplament Wnigatson dunng cnibical growih
glages of fich ansuring thal waler neads are mat
i EgHal BIFeSsing grounchwater Fesources,

Fpai B Recraadanng Waollands Ageolonssiry,
P b Crpcht: Coman, wath st ance from OpenarcLai




Canclugion

Effective water storage. groundwater health, and
the imegration of trees are vital components of a
permacullwre  fice  fald,
praciices Can also play a s@gnitcant role n
addressing Lt doforestation
Madagascsr. By implemanting sustaineble water
managamant practices and Integrating trass inta
farming systems, permaciltine can cantributa to
ratorestotion alferts. sof resioralaon odiversity
Conservalan, and community rasil b,
Embracing these strotegies notl only ensures the
long-term susiainability of agriculbural prodestica
it also SUpports tha reElorateon Snd profsslion of
Madogascar's Thaauih
collabaratve  efforis and & commitment 10
sustainabla  land  management, permacultues
affers a promising pathway towards mitigating
deforasiation  and  promoting  anvirenmeniel
stpwardship in Madagascar and bayond.

suctessiul Thisa
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waluablé écosyslams.
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ﬂhwmu- :
ﬁmﬂméﬁmwm
of the Rice Intensification Systom (RIS) method.
mmmﬁmmﬂh
Irmm nltti-u in the rhn-r:h on rfu
Hnmh: ‘vast and rich datasets about
mmmmﬂmﬁ:m
the kssues of water inadequacy.

Introduction

Rice paddies. iIntercropping and parmaculiure, are
emerging as novel solutions thot optimise rescurce
usee and improwe former incomes. This octicle
examings the coninbution of bibliomainge analyses
and  irmigation management sbedies o the
undderstanding of their functon in sustainable rice
agriculiura,

Rovlow

Climatic criteria of annual crops often influence
crop systems, which are eventually determined by
further procedures of cultivation The rice paddy
fields of the Indo-Pak and the Yangtze basins in
China, which are {ollovwed by the crops of maize
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and wheat, respoctively, are important for the
purpose of global food security. But then the idea
of intercropping crops may be practiced while bath
of them had similar climate preferences. These
methods not only reduce the excess wse of
resources but also onhance the incomes of
peasants. The case study area in this work s the
Intercropping Systems in orice planting with the
discussion of their role
development goals, improving the well-being of
farmers and combating climate change (Sarwar ot
o, 20221,

Quate: ® Rice intercropping allows sustained crop
intensification in =pite of acological difficultses.”

in achipving social

Rice production, though is a fundamental process
of food security faces twa main challenges such as
water scarcity and soil deterioralion. This Stuody
imeestigates the benefits that resull when one
plants beans together with rce wsing the System
of Rice Intensification [SRE technigue. Accarding
to thesr observations, the weeds weore greatly
reduced by G5% after intercropping: henoe, the
camplaind by SHI critics was tackled, and a huge
problem that lEmits the yield, because weeds are o
challenge to any farmar during crop production,
wiag highlighted. Finally, we ascertained that SR
waler-saving factics alongside intercropping
boosted rice wisld by 33% and an  income

imerement of 37% compared 1o existng methods

ISEN p. 7T/ Article p.d
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Mot only intercroppang with the SR [echaiges hag
greatly reduced waler consumption by about 405
Bbul al2a; it has ephanced the aelfsciency of tha
svalem This solution serves 1o be of great aid in
CONBErviNG water resources 85 well bs tacklng the
shortage of waler i places whene water is scancs
1Shah, Tasawwar, Bhat, & Otterpahl, 20210

Quiate: © Intercropping redwced wead infestaton by
B5%, addressing & Uypical SR critique and yield-
fimiting probdem.”

Parmaculture, whach is & movement that evalsed In
the late 19708 in AustFalia, promotes aliermalive
agriculture, which encompasses a philosophy that
concentrates on attaining hammany with the natursd
arvironment  (Sub. 20221 The mosal basks of
permoculture, incliding Earth care, poople coare,
ard fair sharing. takas into account tha imtrcala
firks batween agricullure, human saitlements, snd
the wider arvirorment. Permaculture = not only
about sustainabie focd producton it iveolves athar
componenis of human habitats, which range from
inclustry to urban farms. The Bcological aspect is
the prsority of permaculture, but i1 s aleo cpen fo
technical inpovations i the fiedd of renewable
anergy (Hirschield & Van Acker, 2021}

Quote: © From its late 19705 beginnings as an
alternatrve-agriculiure  movement In Australa,
permaculture promotes harmany with natuee,”
intercropping  Is & significant  technique  of
suppartng ihe crop intensifcation process during
the time of the acosystem chstacles Tha presant
study & a hibliometric project which covers 187
publications written betwaen 1980 and 2022, Thiz

malates 1o ihe worldwide study of e
imtercroppeng, which will be presented. The
analysis through the latest lechooclogy and
applicationg point oul the partcipatan of 581
academicians from 36 countries within 68
wAfious ofganizaisone.  With  South  China
Agricultural Univarsity and the Indian Council aof
Agriciltural Research as some of the fop leadng
matitwisang, ndia, Ching, Brazil, and ndonesia
are domanating in the number of publications
{Shahidullah, Shirary. Serka, & Cuaia, 2024),
Quote: = Itercroppng has become a viable
agrescological method to IMPreve FesmecE-uss
efficioncy, crop oulput, amd  agricultural
sugiainability.”

The study here undertakes and describes the
characteristics of intercroppeng research angund
the world and does it by masns of 8 quantitative
biblomatric irom 1995 1w 2021, The finding
shows that from 2007, research prodisctivity has
sagnifecanily increased as envisaged. Teaturnng a
remaskable lead of Chinese researchers and
rasearch centers, In the meantima, the field crop
research and the plant and soil journals have alse
sarved a5 megor channels  where  the
intercroppng-related resparch s sharod and
disseminated, as evidenced by their astonisheng
h-irfices and todal citations, With the amount of
timg, siudios of intercropping Systems  ane
becoming ncraasingly emphasized on the lssues
of sistainabidity of agriculture. Intercroppng, as
this study implées, & a vital practice In the
contemporary  attempt 1o tackle agriculturasl
problems. Research focus shall be ghen to the
guist for amblent sustainability in




agticulture (Tang, T, Li, X, & Li, 2024).

Quote: “Sustainable agrcul ture subjects, including
sustainable  intensification, climate change
adaptation,  micfobisl  community  dynamics,
biodversity consersation and soil fertibity contral,
have baen pogulsr in intercrepping research.”

The practice of the cultivation of rice i a looming
danger ag the worsening of droughts induced by
gtobal warmeng continigasly impacts freshwater
rasources, The efficlency of irrigaticn dradnage
isges does matiedr boih in the sustainability and
rasilience domains of irrigation systems. The old
traditional rice cultivation techmigues, which refied
on mince water bodies that are not now ovailable,
are leading to tha axpendituss of more Treshiwater,
highar demand for water ard higher risks of
hezerds. Tha plan  includes
accpunting for the protection of small water
bodips that are not only for irrigating and draining
riga in Chima but also supply public water, Tha
recduction in freshwater usa by 30% for rice
production and 9% of freshwater savings can thus
e  achiewed through the adopticn of such
IMRASLITEE,

axirame  natural

It also has & positive alfect of increasing waler
avtonomy Trom 3% (o 31% and mBking crop
damage fall by 2-3% during deoughl Seasons,
Resaprch  lindnge  concentrale on  the
implementaticn of rce Frgation drainage systams
as an appraach toward the water daficit condition
ihat is compounded more by climate change (LI i
al.. SE3h

Quate! “Climata changa-induced droughts maks
rice  growing & major  denger
supplies. Improving Irrkgation drainage systams
bixoais dustainability and regilance”

Coenclusian

Rice sustaineble production, possibly combined
with miercropping, permaculiune, and bealiar
irrigataon, could be beneficlally pssssted by many
other technologies 85 wall, These can boost crop
yiglds sand earmngs, bul nevertheless, margenal
gains and climate changes heppen Bl the same
Limen,

o freshwater

LSF SVAT - 2024 - [SSN p 8/ Article p.3
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Intreduction: Ongoing Gindance for Technical Lagoon Planndng and the Garden of Eden Projeci

Throughout the year, ike Feundation fas played an active rele in providing engaing guldance fa the
students in Madagascar a5 they worked to schvance thair technical lgoon plaamig. Recognizing the
importance of developing practical susiairable salutions, the Foundation offered regular insights
inta the technical aspecis of the Garden of Eden project proposal. particularty in redation to the
desipn and management of the lagoan sysiam. Thesa eontribuilions wesa vital in halping the s fudants
rafineg thew desagne, anduring fhey slignad werh both ervirormental and praclical consigeratrnd. The
Foundation's expertise in water management, sustainable infrasirucivre. and ecosystem reshoratian
wag critical  shaping the studenis” understanding of how to implamant 8 oll-sustaining water
exstem thai could support the broader gaais of the Garden of Ecen model The ongaing callaboration
batween the Foundation and the students has been 8 cornevstona of this snitiative, anawning that the
kmowledge and skills needed o realize this vision aré passed on [0 the next genevation of
armromnmanial leaders.

IWBimE FrEieE, TIALIEINE CHARDE

.
o JACQUELYH JESTINE
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O
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Technical Guidance When Planning Constructed
Wetlands: A Sustainable Solution for Water
Management, Drinking 'Water Quality. and
Agroforestry Integration

Abstract

In response to escalating envircnmentsl ard waler
mamapement challenges, construcled wetlands
alfer a sustamable and sffective solution by
mamicking the functions of natural wetlands. This
eaplores it

maultifaceted benefits of constructed wetlands,

technical guidance  article
including ther capacily Lo impeave waler guality,
confrol floods, oreate habitads, and cantribule 14
Elimate miltgation N delves info the désign and
aperational characteristics of swface flow and
subswrface Mow models, Menlifying the optimsl
Aewe methods for  irealing  wostewaler and
Ireskhveatesr, The integration of agroforesiry withan
thase systems Turther enhances thair ecological
ardd economic benalits, creating  mullifunclicns]
landscapes thal suppart  Bicdwersily.
segquesiration, and local econamies. Additionally,

the article oullimes the necessary stages Tor

carboen

further Tiltering vestland-ireated water o enswa
it safely for drinking purposes. While the
implemeEntation of constructed weilands presents
saveral challemges, their abilily © provide vitasl
acosyslem services and enhance drenking waler
quality  undérsconas their impodtance @
suslainable  devalapmen. 1heda
mlagrated sysiems 8 & proaclive sieg [owards
amvirgnmental reslisncd and waler sesufily.

IAvesting in

Introdisction

In pn ora morked By rapil  orbanaation,
incdustrisdization. and climate change. the demand
for sustninaie and olfecive water managemaent
sutions: has never been greater. Construciod
wailonge (CWel offer o promising answer o ihis
challengn, Thase angineerad systams mimec tha
funcisang of naturs] watlands, provading 8 host of
acologicnl, economic, and social benetits, Ag

natural wetlands continue to disappoar at an
alarming rate, the implemaniaticn of constructad
wailands is becoming increasingly essential

JISF Prasident, Journal Edibar

COMAN. Kennerh Dale (Sr)

Oraduate, Civil & Erviron mental Engineaning
Lirvwersity of Maryland, IS4

Writ fevy May 2024

This article provides technical guidance on
plamning consirucied weilands, exploring their
mulifaceted benefits and the crucial role they can
play in improwing drinking  water  quality,
Additionally, integrating agrofarestry within these
systems can enhance their efficacy and prowide

further ervirenmients] ond economic benefits.

The Decline of Matural Wetlands

Matural wetlands sre among the most productive
eeosysiems on Earth, providing critical servicoes
such az waler filbration, flood caonmtrol, carbon
saguesiration, and habatal for o diverse ranga of
speties. Howewver, accontdeng fo the Ramsar
Convention, the world has lost approssmately 35%
af its wellands since 1870, with the rate of loss
atcaletaling n recent decades, Urban éxpansion,
agriculivre, and infrastruciure devélopment ans
prirmary drivers aof this declird. The destruction of
wellands not anly dimanishes bicdiversity but alza
compromises the natural serdces they provide,
lesding 10 increased pollutsan, redoced water
guality, asd haightened wlnerability 10 Neods snd

drsughis.




Constrected Wetlands: &n Overview

Constructed wetlands ane designed (o emalate the nafural processes of organe waler filtration utilizing

vegelaticn, woil, and michobas] activity 16 (real polluted water, These systems can be used for vadsous
purpases, including wastewaler Ireaiment, sicrmwator management, and habital restoration
Constructed wetlands can be classified inta two main types: surface Mow (SF) and subsurface Flow (S5F)

aysiema, aach with distinet desgn amd oparational characteristics susted 1o difterant applications

Suriace Flow and Subaurfsce Flow Mesdals

Surface Flow (SF) Constrocted Wetlamnds
Surface flow constructed wetlonds, also known as free woter surface (P& 5S) wetlands, are designed to
P wnles flowing above the sod surfacs, similas 16 rabursl mamihed, Thase Systoms &ra charas b

by the following features

Dasigne 5F wetlands consist of shallpw basing with water flowing slowly over tho soil or substrate. Tho
waler depth typically ranges from 0.2 19 008 meters. These basins are planted wilh emergent segatation
likey rengdl s angd catfails, which extend aboes the water sirface.

Oparation: Tha water tows onpontally from the inlal 10 the Gitlel over tha vagatatod surlace, This Typa
of wotland prmarnly relies on the nteraction betwesn water, plants, scill ard the atmosphere for
reatmsnt processes. The planis” rools provde & surface anrea Tor microbial growih which plays a crucepl
rele in broaking down pollutants.

Applications: 5F wetlands are often used for secordary or fertiary treatment of murecipal wastewater,
sloemwaber management, ard agncultura) ronoTl. They are pasbicularly affec thve 0 removing susperded

solids, organic mattor, and nutrients such s ndrogen snd phasphors

Construction Layers:

= Basa Layer: Typically, p waterpropd
liner or compactad clay Loyer to
pravent SenpEgi

= Substrate Layer A soil or sediment
Inyer whera plenis can roat,

= Vogotaticn Layer: Emergent plants
that extend pbove the water surface,

Figare: 1- VWikie Mabin] in Bouides, Colenco
Proln Creddeth oo Pro




Subsurface Flow |S5F) Constructed Wetlands

Subsurlace Mow constrecied weillands can be Turther divided imo hesizontal subsurface llow (HS5F)
and vertical subsurface flow (YE5F) systoms. These systems differ from SF seetionds in that the water

flaovis Belive the swrface, through & parmeable medivum such a5 gravel or Samnd.

Horizental Subswriece Flow (HSS5F) Constructed Watlnnds

Dagigne HS5F waillands are compesed of a lingd basin Gilled with gravel or gther copras maternial
Water flows horizontally through the substrate from the inlet to the cutlel, remaining below the
surface throwghoul the process. The system 5 planied with vegéelation whose rools penelrate the
guhstrala,

Operation: The horizontal flow ensures that water remaing im coniact with the substrate and plant
ress, sllowing Tor effective microhis] degradation of pollutanis. The lack of axposed waler surface
reduces the risk of cdor and mosguitd braeding

Applications: HSSF wetlands are suitable for troating domostic and  industrial wastewatbor,
partcuady for removing arganic pellutants. pathopenc. and Some nulrienis.

Constrsction Layers:

& Boss Layer: An impermeabde liner o prévent water Team sesping info Che gpround,

= Drainage Layer: Coprss gravegl or rocks at tha botlom o facilitate watler collastion and mowemsent

o Spbstrate Loyer: Modiomesiced gravel that supports the root systems of plants and allows
norinaniad water Thw.

= Vagetation Layern: Wetland plants whoss ropts axtend inio the subsirata

Vartical Subsurface Flow [VS3F) Constructed Waillands

Designe VESF weilands invelve water being distributed over the surface of the bed and then
peroolating down through the subsirate before besng collected at tha botlom Thase syslems
wpically wen ganc or Tene graved as the subatrate,

Operation: Water is intermitlently loaded onto the surface, allowing air to Till the void spaces betwesn
gycles, This promotes aerobic condan, anhanding 1ha breakdown of anganic mattar and nitrilication
[cormearsion af mmemands io nliraiel,

Applications: VE5F wetlands are particularly effective for treating high-strengih wastewater and are
often used in combination with HS5F systems o provide comprahensive treatment, including
significant remowal of ammonéa and pathagens.

Conatriss lbn Loy dra:

« Basa Layer: An impermeable Uner to contain the waier,

= Draindge Layer: Coarse grawel or nock layer st the bottom 1o cellect treated waber.
& Filtration Layer: Fing gravel or sand 1o Tiltar the water as il parcolates down

= Substrote Layer: Madivm-soed gravel where plants ane roated.

& Distribution Livger; AL the top, where water is distributed evenly across the sorface.




Optimal Flow Methads for Wastewater and Frashwatar

Wastewater Traatmant

Herizental Subswerisce Flow (HESS5F) Constructed Wetlands:

Bast suited for treating domestic and industriad wastewatar due to their ability 10 efieciiely remoer
cEamic pallutants, pathogens. And Sodme milrsenls.

Tha horirantal flow through a graovel o rock substrate provides ample surface arca for mécrobial

activity. which i essential for breaking down organic matier and reducing contaminanis.

YVertical Subsurface Flow (VS5F) Constructed Wetlands:

Ideal tor high-strangth wasiewater Because of [hair capacity Tor enhanced natrificalszn and pathogan
roamsval,

The vertical percalation of water threugh sand or fine gravel promotes aerobic conditions, which are
crucial for the breakdown of ammonia and other organic compounds.
Freshwater Trealmant

Surface Flow [SF) Constructed Wetlands:

Mixrg suitaiia for freshwater treatmant. such a8 stormwaler managemant and agriculbursl roro T, dise
fo thair resemblonce fo nateral wetlands.

Effectisg in remaving suspendod solais. organic matter, and nutrionts like nitrogen and phosphors,
miaking them excellent for polishing water before it enfers natural watler bodies or reservoirs,

Flguni 2 5 imn ani lar Ponds et igeri bind bl B
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The Impact of Infiliration in Various Flow Models

Infiltration. of thé movement of waler inio the ol and subsirate, plays a critical fobe in ihe
funclioning of consirocied wailands. [is impact varies seross ditfenent [low models:

Surface Flow (5F} Constructed Wellands
Infiltraticn impact: Lnited dus (o the design where waler lows over e surfsce rather than Eheough
the subsirate. The primary water treatment procesces mmvalve sedimantation plant uptake, and

micrabial seliity on the surisce.

Advantages: Minimal rsk of groundwalar contamination; allfectnve in nulrent remoyval through plant
ugiake and mecrobial astivity on the soil surlace,

Hearizantal Subsierfase Flow (HESF) Condtructed Wallands
Infiltration Impact: Moderate. 52 water flows horizontally through & gravel o rock substrate. The
waler remains in closs contact with the substraie, which supports microbial degradation of

poliutants.

Advaniages: Efficient removal of organic matter and pathogens; reduced risk of surface waler
COMNBMIna 0 manimal exposune 10 MOsquiltees and odors.

Vartical Subsurface Flew [VS3F) Constructed Waeillands

Infiltraticen Impact: High, a8 waled percalates varically through layvers o graved of sand. providing
axienalea Tiliration ard coniact wilh aerciHe mesreor Zanisms.

Advantages: Enhanced mitrilicaton and removad of ammania; effective TRiration and pathogen
remayil; compact dasign sumiable for aress with limited space,

Figarn & Fioerwatis Falon s B, Belaus
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Ecalagical and Envirenmantal Banalits

Water Cuality Improvement: Constructed wetlands effectively remove contaménanis such as
mutrsents, hepyy malals, and pathogens from wastewaler, The vagelation and micrOOrEanisms in
thieds syslams braak divwn ofganic malted and abaarb harmiul substances, praducing clearar o flusnt

suitabile for reuse or safe discharge inta natural water bodies.

Flood Controd: By sloring @xcess rainvwaler and regucing peak Mow rales, condtrucied wetlands
mitigate the risk of flepding. Their ability o absorb and slowly release water helps stabdlize
hydrglagical cycles, profestang comenanitias from extrams waather avents,

Habitat Creationc Constructed wetlands provide critical habitats for wildlife, including birds,
pmphibang, ard ingects, They serve 8o rafuges for species displaced by wiban devalopmeant ard
cantfibile 1o biodiarsily SonservEon

Carbon Seguastration: Watlands, bath naturad and constriscted, act as significant carbon sinks.
Through the process of photoaynihesis and ceganic matler sosumulatich, thay capiure and slong

carbon diaxide, helping to mitigate climate change.

Banafits for Drinking Water Quality

Matural Filtration: One of tha most ssgnifecant banefits of congtructad wallands 8 thoor abdlity to
nplur@lly filter water, making 1 sater for himan consrmplon A% waler passes throwgh the wellarsd,
pollutants are trapped and broken dewn by plants and microorgansms. This nodursd filtration process
significantly reduces bewels of contaminanis such as nitrotes, phasphates, heavy metals, and

pathogans raaulling in cleanar waler that can ba Turihes traated for drinking purpoaes

Raeduction of Harmiul Chemicals: Constructed wetlands halp reduce the concentration of harmiul
chemicals ke seaticides and harcides, whash allen convleminala surlsce and groundwaler SOunses.
The vegatalion s wellands absorbs and breaks down thasa chemicals, reducing thair prasence in the

water that eventually reaches drinking water resanmirs

Pathogen Removal Weatlands are affective in remoaving pathogens Trom water. The combination af
physical filtration through plani ropds and microbial degradation ensures that harmful bacteria and

viruses are signifecantly redueced, lowenng the risk of walerbomne disapses,

Buffer Agninst Pollution: By acting as o buffer rone. constructed wetlands protoct drinking water
sourcas fram pollution runstl. During heavy ranfall, wetlands can capiure and treal slormrwaier

Befars it resaches rivers and lakes that serve 85 sourdces Tor drinking waler, enduring 1hal these bodies

reamain bess contpminated,




Additional Stages for Flltering Drinking Water from Waetland Water

While comatroecied weilands signilicantly improve water guality. additicnal Ireatment stages ana
rpcassnry to ensure tha water s safe for drinking. Those stages typically include:

Pra-Treatmeant: Screening o remows large debrig pnd sedemsants thet could clog subasguent
freptment processes

Coaguwlation mnel Flocculation Aghing chemicals e water (o facilitele the aggregaticn of fine
particles into larger flecs, which con ba casily removed.

Sadimentation: Allowing the water tosil In 8 basin ao that heaser particles settle ta iha battom.

Filtration: Passing wioler through filters, Iyvpically composed of sand. gravel, and activaled carbon, 1o
remsave ramaining pariicies and crganic compounds

Disinfection: Using methods such as ehlorinatsar. U radiation. or aronatsaon (o kil any remsirning
pathogans

Advanced Treatment {if necessary]: Processed swch as reverse gamogis o activated carboa Tiliration
o remove BNy Specilic contaminants oF improve water quality o meet stringent drinking water
standards.

Figure & Stormemior Mensgement drasiructure, Porforated
Concrotbe Bype
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Integrating Agroforastry with Constructed Wallands

Aprpdaoresing, the praclice of mlegraling rees and shrubs Blo agricullural |sndscapes, can
gynergiclically enhance tha benefits of corgtructed wetlands This integration crealEs 8
multilure tional Landscape hat oTTers numansus environmanlal, econamas, and social benelils:

Enhanced Water Filtration: Tread ard ahrubs planted arcurd ard withen constrocied wellands can
enhance water Tiltratin Thair reots stabilize sl redoecing eraggion and sediment runall inbo ke
willands, The asddfiticns] ropl syslams slso increass the uptske of nutresnls aad comtaminants,
improving water quality further,

Biodiversity and Habitat: Agroforesiry ayslems mcrease bicdisaraily by providing diverse habitats Tor
VARIGUS dpacies. The comiinaton of wetland and tarrasirial habilals supporis & widar range af Tlors
and fauna, promating ecolomesal balance snd resilienca.

Carbon Sequestration: Integrating trees and shrubs with constructed wellands amplifics carbon
sequestration. While wetlands capture carbon in their sodls and vegetation, trees and shrubs
sequester additional carbon in their blomass and rootl syslems. contributing to climate chamge
mitigation.

Micreclimate Regulatien: Trees and shwubs can regulate the microclimate arcurd weailands, providing
ghade and regucing water evaporation rates. This helps mainiasn waler levals and improves the
effichendgy of the wetland inwater freaiment

Economi: Bamefils: Agroforasiry can phovide additioral income sireams Tof commanities, Froft, mits,
timber. and other prodecis from irees and shrubs can be hansested sustainably. supparting local
aCanmaas while maintaining the ecological integrity of the weilpnds

Sall Health Improvemant: The debp redis of irees and shrubs improve sod stnuctura and fectility. This
banatiis bodh the weatland eceeyaiem and adjacent agricultural lands. leading (0 more susianable
BErCUTUrel praciices

Figuna 4: Storm Do Danlet - tha soluma s not-small
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Challenges and Considerations

While the benefits of constructed wetlands and
ther  integration weithi agrotwestry are clear,
soveral challenges must be addressed 1o maximize
anid
maintenance sre critical factors that influence the

their potentiol.  Site  selection,  design,

affectiveness and longewity of those systems
Constructed wetlands require careful planning to
ansure they meot the specific needs of the area
ardd the types of pellutants they are designed 1o
braat, and  adaptive

Ongoing  moenitoring

mamagement  are  essential o address any

agporational issues and optimize performance.
Additicnally,

corgful selection of ftree and shrub species 1o

integrating agrofocrestry  roquenos
ensure they ane compatible with the wetland
ervironment and do nof negatively impact water
guality or the wetland's ecological funclions.

Figure & Waier Treatment Ponds in Flonda
Phato Cred & regoprionCamva Pro

Fiipurn S Soorerrm o Duilat Figes - Types! rreatieg of 1ha
alaren Mo

Phalo Crifil Seo8t Kanneth Brodus'Cama Pro

Conclusion

The wrgent reed for constructied woetlonds is
pvidont in the face of escalatling enwironmental
and water management challenges. As natural
wailonds continu o vanish constructed wetlands
offer a sustainable solution that karmesses maiursl
procossns 1o provide wital acosystem services. By
flonds,
creating habitats, amd contributing fo climate

improwing  water guality, conirolling
mitigation, constructed wotlards represent a
approach i [a]
sustainable development. Integrating agraforesiny
furibher

benefits, creating multifunctional landscapes that

worsatile  amd  cost-efoctive

within these systoms erihances  thair
suppart biodiversity, carbon sequestration, and
local economies. Crucially, their ability 1o enhanca
the quality of drinking water underscores their
importance in ensuring public health and water
security. nvesting in these integrated systems is
not anly @ pragmatic response fo environmantal
degradation but also a proactive step lowards a
resilient and thriveng future,
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introduction: The Prototyping Joumey from Antananarive to Niedersachsen

The original plan for the 2024 Fellowship pratolyping was ta take place in Antananarive, whers the
sysiem was fo be buill with the ewpertise of fwo distinguished engineers: Andriontsiferana Tafita
Miasinisoa Eliasy and Razafimahatratra Todotriniatng Michela. Their wark in designing the phatovedtaic.
powersd punping and filtration sys tlem was instrumental in Laying the groundwork for the pratotype. The
two experts meticulously documented the design process, guiding the technical specifications and
ensuring that the system’s avchitecture aligned with the goals of the project.

However, due 1o unforeseen and complex logistical challenges, the decision was made to move the
profolyping phase to Misdersschaan, Germany. This shifl was not withaut its challanges, a5 il reswlted in
the prototypes final costs bedng aspproximalely double the inidial estimales. Numerous small bl
significont hurdies were encountered along the way, Nevertheless, having the prodofype located closer
io the Foundation's [eadership proved invaluable, as it sllowed for direct oversight and the swafl
addressing of emerging issues. The lessons learned and the problems ercountered were thoroughly
documanied. and many of these insights are shaved in the fallowing pages.

We'e axtamnd cur gralilude te Andrignisiferans Talila Misrintsoa Elisgy and Razafimahalraira Talalmaiainag
Michefa for theit Hreless efforls in the design phase. Their confributiond weve critical. nat only in the
crealion of the system but also in uncovering key insights that led fo imporlanl discoveries and
advincemnenis this year.,

»
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’ I SAMNDERS FOUNDATION

MSESVAS - 2024 - [SEN p 32 f Ardicle pl




USTAINABLE VIS

& UNIVERSITE D'ANTANANRIVO ot
S FACULTE DES SCIENCES O ™
H DOMAINE : SCIENCES ET TECHNOLOGIES % ]

MENTION : PROCEDES ET ECOLOGIE INDUSTRIELLE ',

L4 - :
"-----F"'" PARCOURS : GEMIE DE L"EAU ET GEMIE DE L'ENVIRONNEMENT N -'5‘;

ANDRIANTSIFERANA TAFITA MIARINTSOA ELIASY
RAZAFIMAHATRATRA TOLOTRIMIAINA MICHELA




Absirpet

The document discusses the iImportance of geod quality drinking water for health and the use of
slow sand filiration as a biclogscal purification methed, i explaing the evalvation of various
physico-chemscal and microbiological parsmeters of raw water 1o determine the Bppropriate
treatment, The study aims to dmprove the drinking water supply for 8 low-consumplion
household esing water from ihe Ikopa River,

Thi raw waler analysis shiwed that cartain parameters ke pH, conductivity, and turbidity wera
beyond accopiable limids, indicating the mneed for treatmont. A detailed sizing of the water
treatment plant is described, including compenents ke 8 urbidity removal unll, microbislogical
aliménation unit, and LV treatment systam.

The documani asc covers the site locaticn conditions. envirgnmantal smpacts, routing
maintenance, and intersiews for the ireatment system, It emphasizes the importance of variouss
filtration matenials ke sand ard activated carben inwater treatmant.

In conclusion, tha stisdy highlights the significance of proper froatment methods (o ensurs
clean and sate water. It stresses the role of filiration materinls and thorcugh anolysis of wator
paramaters for an affectve filtratkon systam that meats aatth standards.

The deocwement peovides detaded  bibliogrophscal  references, appendices on  water

characteristics and estimatas, and & summary of the slow sand filtraton process confirming the
rechection of turbidity ard microbictogical parameters n irentad water,
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INTRODUCTION

Good guality drinking waler is assenlisl for health (1] There ane fiyersl teschnologies [o maks
wabar drinkabla, namaly the filiration procass. Slow sand Tiliration i3 @ biclogical purification
mathad. It consisis of passing the water 10 be treated through a Tlter Ded, the most used
material s sand [2]. The prooess provides a simullanous mprovement in the physical,
chamical and bactarictogical qualities of raw waler. On the surface of the bed, the beolagical
mambrane & formed, @ which the puriticetion process takes plece, This method is more
aconoirecsl bachuss il allers the podailbility of involving the community in the managament,
maintenance and cperation of the metallations [31, This work & part of Imgroving (he drinking
water supply of & low-consumpdion household. The water to be treated comes from the lKopa
River,

I, RAW WATER

The evaluation of the characteristic parameters of raw water indicates its guakity and makes
it paesibla o detarming tha apprapniate type of traatmsant

1-1- Physice-chemical paramaters

§-1-1, pH
The pH of water reprasenis iis acidity or alkalnity. The meagurement |5 carried oul by an
alectromatric method using a pH mater [4],

1-1-2 Turbidity
Turbedity I5 due 1o the presence of suspended matter (clay, plankton, arganic debris), Its
determination is done by the electrometry methed using 8 turbkmmeater [4],

1-1-3, Conductivity
Conductivity gives the cvarall mineralizaton of water, The measurement is carried cut By an
aleciromatry mathed [4],

1-1-4., Alkalbnity

Tha alicplinity of water corresponds 1o the presence of hydrogen corbonates, carbonptes and
hydroxidas, The alkaling titer TA measures the content of water in free hydroxides and
carbonates, The complets alkaling titer TAC corres ponds ta the content of free carbonate pnd
hydregen carbonpte hydroxides, Alkalinity & messured using a strong acid standard solution
in the presence of a colored pH indscator (4],
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1-1-5, Hardness

Thi hardness of the water i linked to the Lleaching of the land crossed and it correspands 1o
the calcium { Ca } and magnesium (Mgl content. We speak of the total hardness of water or
hydroemaatric titer (THE The determination & made by newlralizing a volume of waler with &
dilute mineral acid [4].

1-1-6., Suspanded matiar
The suspended solids measusrement provides the amount of undssaleed substances present
in tha water, Its dat ermination can be dene by contrifugation or filtration [4],

1-1-7. Biochemical oxygen demand [BOD})
The bicchemicad cxygen demand should make it possible o assess the load of the
anirgnement considenad in putrescible substances [4].

1=1-8. Chemical Oxygen Demand (COD)
Chamicol suygen demand dolermings the cvoradl ameount of cxygen needed for podlution
dagradation [4].

1-2- Microbiclogical parsmaters

Microbiotogical analyres prowide infarmation on the health risks of water ; ta be drinkabde, it
milst not contain pothogenic microorganisms |G).

lI=2=1. Coliforms focal
Focal coliforms are bacteria of fecal origin, These are microbiclogical contamination indicator
bacteria And are sasily aliminated by disinlsstion.

1-2-2, Escharichim Cali
Exchisfichia ool are buctaria that ane part of the califomm group. Their presence alss indicates
the presence of pathoganic macreofganisms suth as batteria, vinedes amd proloeas.

1-2-3. Streptococci fecal
Fecal streplococdcl are presend in the Teces of humans and aremals. Ther présencs in waler
also presents an ndication of recent fecal pollution,

1=3= Raw water quality
This wark was carried out in the labaratory of the Research Unit n Process Engineering and
Ervircnmental Engineering (URGPGE) of the Faculty of Sciences of the University of

Antonanarisa The following table presents the physicochemical and bacieriological
characteristics of tha water to be treated,

- Sk
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Taitke D1 phegsicookamicnl and basterdoghonl CharsCiors s of rmw waioer

MES fmgil)  Torbidity (NTU} EC (wS/cm) rH

Sampl B 059 <30 174,36 253,881 TIRBE5

e VMA h<h <3000 =85
BODS GOD img/L) Fecal coliforms
imgiL) (CFU00 mL )

Sample 24,358 50,762 b0l <

WMA =f =20 0

Excharichin, Cali Facal straptococeci
(CFUMDD mL ) {CFUHOD mil §
Sample 1= W =
ViMA 1} 0
Smwrce ; fadbhors
I-4- Data analyzes

According o the resulis of the analyzes carried cuf, the pH of the raw water is acidic and
maets the stondard required by the Malagasy state. The conductivity Is of the order of
254081 p Sicm and tha value also respects the patability standard, The furbidity |5 172265
WTL, means the raw water is turbid, The turbidity value is higher than the V& and this
confirms that the water must ke treated before use. The BOD is 4358 mgL and the COD
content ks 80762 meil. These values oxceed the admissibie limits and designato the
importance of the ocrganic polluting load. For the bactericlogicad parameiers, the result
shoend that the raw waier does not mest the potability standard and reguires prior
treatment.

Il Sizing of the processing unit

The treatment plant is sired for o production of drinking: water of 05m 3 per day ond is
aperated for 3 hours,

ll-1= Reseryair ras water
The raree water fank has o capacily of 18 m3 and is divided info two compartmenis. 'With a
filling frequency of fow times per weck, the plant can treat 3072m 3 of raw water per year.

The treatrment unil is supplied by pomping.




Il-2- Treated water tank

Thix tank can have 8 capacily of 0.5m 3.

11-3- Mol e sizing

Taking into account the quality of the raw waler, the ireatment plant includes:
= A turbidity removal it
= A microbiolagical padameter alsmination une
o UV tresiment; the system mcludes a steniess steel treatment chamber containing a
450Lh U lamg . oparatien would be contirmous in the event of disinfection, The lifaspan
ol th Larnp i& estimated al one yoar,

The treatment unit s made on three plastes drams rd In serbes with B capacity of B, Tha
choice concerns the Tollowing oritera;
w Easy to handle ;
» Mot wory sansitive o tamperature variations;
« Facditates clesning of filter components (groved, and and sciivated caban):
= The system mamtains the content of cortan paramelens siech as coler, pH, turbidity, SO0,
GO0 and pH: unrdike those bailt in concrate,
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TAINABLE V1

The modudé consisis of a slow sand Tilled in seriées with an active carben filler, which is
precaded by a filter with warlpble particle sipes and |5 completed by a treatment chambar
aquipeed with a UY lamg scconding to the followng figure.

Figure 01 : simplifed diagram of the processing unit

Thi following table presents the characterishcs of each modude

Tabidn 02 modul @ chinc D e

Tanks Companant Weight (kg
I Saparation gravel 144
Drainpge gravel 24
Fime sand 50
e Sand 50
Saparation gravel 24
Charceal Separation gravel 20
¢ Diginfection 24

U lnmp
Source : Authors

LISF SWAJ - 2024 - [SSN p.l40 / Article p.2



AINABLE VI

L Site Lecation Condition
The processing module is equipped with several components. The instaflation maust respect
the Tollowing condilions
»  Location having o surfocs ares greater than that of the proposed mesdule. 11 must be well
protecied, secure ard abowe all tenced;
w Good sccessibility to Tacilitate contrel, sarvicing and maintenance of aguipment:
# Al least Smawsy Trom surmounding bulldings and eapecially trees
w Chstside af 8 ilood-prone and sunny anes:
s Tha axmEtancs of & techmecal roam 1o the lacation of materiale and equipment , and ol &
superviesr specializing in the subject, is recommended,

BuskdEng A of the EGS 1acul ty of he Unbversity of Antansnarive was chosen for the locaton of
the treatment site scoording 1o The Tollowing coordnates:

» Popition 1875448"°S 473303

= Elevation 1335.54m

Considering the characteristics of the processing madule, the station has the fellowng
iR on:

» Langih of 35m

« Widthot 2.im

« Heightof 25m

Tha follcwing figure shaws the simplified disgram of the treatmant station:
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V. Erviranemsental impacts

Thi descriptbon of the treatment station allows cortan measuras 10 be respected, so hera pra
wome obligations and prahiBitions; minemal folse, soil pollution, desiruction of fauns and Tiora,
oapecaEally ornamental plants. and sloo workes tatety, Conaumgion of water treated by the
sand filbrathon process Goes N0l present any health risk for Consumens.

V. Intarvisws

Interviews can be done weekly, monthly or even annually, Rostane maintenanc Includes
aparating the valves, chacking the pumps and momitering the gueality of tha (reated waler
ipprioom once @ week), For special mainienance, we logus on replacing the components of the
filtraticn modide (sard, gravel, activated carbon, lamg, ete) (o be carried out twoe ta thres
Lifmse & year dependag on the conditiong of The adguipmenl.

CONCLUSION

Watar quality depends on tha ireatments apptied, including physical. chamical and blolagical
mathods o remoss contaminants, Filiration matensls, such as sard, activated carbon and
mambranes, play a crucial fole in the effectivapess of these treatments. Physkcochamical
parametars such as pH, conductivity ard turbidity, as well ps microblological paramaters. are
essential o apsess and improve water guality, An in-depth analysis of these paramelers i
nacessany o correctly size a filiration prototype. Thus, 8 well-designed filtration systam
ansures clvan, safe water that maets health stondards,

IFSF SVA) - 2024 « |SSN p. 142 ¢ Asticla p.11



BIBLIDGRAPHICAL REFEREMCES
|10 WHOL Drindsingg Water Quality Guidelines, Fourth Editian [2017).
[2] DUIOLS Sylvaen, Oplirmizadson of filiraticn treatments Tor the reuse of wastewater (2014}

13] ZOUGGARI Kahing, DUENMOUNE Hora. Degign of a sand liliraton aystem applied o tha
treatment of drinking water (2017,

[4] lopkredr, Deparimental analysis bboratory. Physico-chamical analyzes of watber,

15} LAURE Semblat . Water puritication guide, Natkonal Federation of granting sulhortes and
FNCCR authoritses (2007

I6] Houda JARID, Karam AMZIL. Optimization of sand Tiltration Tor the treatmsant of drinking
water al the Guemasss GG mining company Uura 2012

[7] BAKKARI Mariem, KERROUM Siham. Wastewater treatment by sand filtration (2006),

JiSF SVA - 2024 - IS5N p.M3 / Arficle 2




The lodkowing Table presenis ihe quality of the wailed 10 be irealed

Settings

Ph

Conductivity
Turbidity
Suspended matier
Ammonium
Magnesium
Calcium
Petasshum

Full Alkalimetry Title
Tatal hardnesses
Mitrate

Mitrive

Sulfates
Phesphates

BOD

cob

Tatal colifarms
Foeal straptocace]
Escherichia cali
Saiscas ! Aulhodd

APPENDICES

Faw waber Uit

T.28

253,981 pS/em

174,365 NTU
GA,059 mig/L
0192 mgL
4,087 mgiL
3124 mg/L
2484 ML
3095 *F
24,751 o
0267 mpL
.0a9 m'L
6574 mig/L
396 mg'L

24,3548 mg'L

50,762 mig/L
100 < CFL100 &1
10« CFUfA00 mL
10« CFUF00 mL
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Appondix 01; Physico-chemical and microblological characteristics of raw water

WMA

6.5-9.5

3000

30
0.5
50

12

50

.1

150

0.5

40




Appendix 02 Characieristics of the filter bed

Filtration moduls componants

The firsl components of the fller sre e supporl gravels, Thay retain the sand end
facilitate ihe dssiribution of washing water, Depanding on the dimensions of pariecle size
chasacteristics of the Tilter material, Miration can be carriad oul 81 the surface or at depth
[7]. The process has thies components. the el of which is composed of round sands of
varipble particle size lavering the reduction of turbsdity, the second uses granular st vated
carbons allowing 1he mprovement of organaleptic gualities amd the last component
concems digtomacenus earths Tor the alimination of biclegscal pollutants,

Gramdometry

Detarminalion of the size of the aggregates and thair distribution according to their size,
Tha following table presents the characiernistics o1 the sands used

Eftective divmeter 10 [mm) 0.52
Effective diametar dis0 [mm) T
Uniformity cosfficient (CUID) 1,365
Fimish modwhes (%) 4.TB
Pammeakility (K) 0.375
Porasity (e) LER]

Sources ; Aufhors

Coal active

Praparation

Acticated carban = also 8 carbon-based material, oblamed by calcinatson and activation of
wood, As @ very good adeorbent of organts matter, it also allows the elimination of compaunds
rasponsible for cobor, thates and odors, and also orgamic micnopollutants. The preparation
oongisis of the carbonization of the precursors. Tollovwed by grinding and séeving of the graing
according to the particle size of (L4 ta 1 mm. Chemical activation conskts of debydration nan
acidic medium at S00°C.

Rugonaratian

Regeneration s dene with steam allowing the surlace of tha graing to be unclogged and
staribized.
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With the physico-chemical and microbiological charactaristics of ra wiater, furkedity. MES
and especiaily microbiological parameters largely axcesd drinking standards. The process
usnd i slow filtration, 0 fact, the water slowly passes through the leyer of fine sand and the
largesst particles are stopped on the surface of the sand. Microbiological parameters are
eliminated by activated carbon components. Our study canfirmed the reduction of turbidity,
suspended matier and alza the tofal slimination of microbiological parameters. The following
table sumimarizes the charas lerstics of the filter lavers.

Component by lacation Dimensions (mm)  Thickness (cm)
Charcaal d<2 40
Firm sand Odcd<0.5 20
Sand 0.5<d<1 10
Separation gravel Acdch 10

Drainage gravel 10<d<15 10

JiSF BV - 2024 - ISESN p 146 / Articie p.15




Settings

PH

Conductivity
Turbidity
Suspended maller
Ammonium
Magnesium
Calclum
Potassium

Full Alknlienetry Tiile
Total hardnesses
Mitrate

Mitrite

Sulfates
Phosphates

BOD

con

Total coliforms
Fecal streptococti
Escherichla coll

Rppendix 03: Extimated qisotes

PU[MGA)
20,008
20,000
20,000
20,000
50,000
50,000
50,000
20, Dy
50,000
50,000
a0, 00
B0, 0
80,000
80,000

150,000
150,000

A0, 000
A0 000
300000

Phypsicoschamical and bactericlogical analypes of water bofore treatment
Tha following tabde presents the estimate for the physicochemical analyzes of raw walar befone
iraatment;

Quantity Amaount (MGA)
ol SO0
oL S0
oL 20,000
oL H0, 000
o1 SO0
o1 E0.000
o1 B0,000
o1 20,000
oL S 0
ol 500
01 BO000
o1 Bl 000
o1 B{L000
oL B 000
o1 150,00
o1 150,000
o1 0000
ol 30,000
01 30,000

Total (excluding VAT) Ariary  1.090,000

Sources : URGPGE Laboraiory

Toial Euwra
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Phytico-chemical and bactericlogical analyzes of water after treatment
Thee |H|'I:I'|'I1I"I,E talle presenls thse quote for the physicosPsmical -BI‘-H',‘EE"!:- ol raw waler alter

ireaiment
Settings PU (MGA) Quantity Amount (MGA)
pH 20,000 01 20,00
Conduciivity 20,000 01 20,003
Turbidity 20,000 01 20,000
Suspended matter 20,000 | 20,000
Total colilorms 20,000 01 30,000
Fecal streplococei ELRI 01 20,000
Escharichin coll 30,000 01 30,00
Total {eecluding VAT) Ariary 170,000
Total Euro 36

Sources | URGPGE Laboralony

Matorials and aquipmant for nstallation

Tha following table presents the list of equipment

primica._ PU(MGA} Quantity Amount (MGA)
Bricks 180 5,000 00,000
Cements : Drimbato I8,000 2 76,000
Lovs 35,000 & 210,000
Gravel 1,500 T 105,000
Sands 1,100 1400 110,000
Protective grid {iron) A00,000 i 400,000
Boards 5,0 4 20,000
Doors 500000 ) 1,000,000
Window (FVC) 350,000 1 350,000
Madiie 15,000 4 0,000
Sheet metal (0.20) 45,000 4 180,000
fical estate 500,000 ] GO, D00
Complete salar panel 1,200,000 1 1,200,000
Drums (100 L) 110,000 4 440,000
Tank(500L) SO0 1 500,000
Labor 00000 4 R0 DD
Total (excluding VAT] Arlary 5,575,000

Tatal Eura 1157
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The fallpwing table shows the list of consumables

Settings PU [MGA) Quantity Amount [MGA)
Gravel 1,500 4 £, 000
Separation gravels 3,000 L 18,000
Sands 1,100 3 3,300
Fine sands 2,000 3 &, 000
Activated carksan (00,000 1 &0, 000
UV lamp 1.5 millicn 1 1.5 million
Pipis 20,000 8 160,000
The stap valve 25,000 4 100,000
Elbaw 2,000 i 20,000
Hade 4,000 4 16,000
Suppressor pump 404,000 1 400,000

Tetal (excluding VAT) Ariary 2,829,300

Total Euro BHT

SAroEs ; Authors

Quats summariss

Frediminary
project
Settings PU {(Eurs] Quantity Amaurt (Eura)
Raw waler diajirnodis 2N 1 22
Fallaw up 16 1 %
Realimtion
Settings Pl {Eurc) Quaniity Amownt [Eure)
Facility 1,157 i 1,157
Corsumables 587 i 587
Process
Seitings P (Eure] Quantity Amount [Eura)
Interviswe * - -
Total (excluding VAT) Ariary %, 664,300
Toltal Eurs 2007

Saurces | Aulhars




SUMMARY

Thix alaow samd filraton process i< a technigue recanly vied for waler purification. Leng this
tachnalogy, our sludy confemed & consiferabbe reduclion W Somd Dyt ohamical
parameters such as tubidity from 172 NTU te 3 NTU, MES from 30 N 10 24 M. In addition wa
abservdd that the mecrobiological paramater ara elimsnated. This allowed us 10 propoSe waler
treatment of the lkopa riear with a view o supplying drinking wates Tor small-scabe used. Tha
syateam includes 4 modules in series, the first of which contalne gravel wesghing 169 kg, the
sacand conaing sand of varable dimensicng waaighing 100 Kg, tha third containg activaled
carpon, And the Last constitutes (he reated water tank,

Flawy ANORVATSIFTRANA Michela
HATAFIRRA A THATHA
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intraduction: Technical Design for Phatovaltaic Pumping for a Campsite- Sized Filter System

The report by Tokinlaina Victoniot Randriansnisansda delves info the lechnical design of a photovaltxic-
powered pumping sysiem for a campsite-sized fiftration setup. This design work was pivatal in shaping
many ef the critical decisions made during the ive protodyping phase in Niedersachsen, Gormany, in
2024, A graduating Master's studend in Efectrical Engineenng, Tokinizing (Toki) has confinued his
studies while making an indelible mark on the 2024 Fellowship. His contribufions fo the profect have
Bean nothing short of exceptional, with his innovative approach fo integrating pholovallals enprgy indo
wirher filirnfion systoms prowing mission-crifical fo the project’s success. His work, which addresses
Bath the technical and practical chatlenges of off-grid waler management, exemplifies the high fevel of
shifl and dedication that Taki brought o the Fellowship The following pages offer an in-depth look at
the design process, the key challenges overcome, and the profound impact of his condriburiions fo this
proundbroaking iniliathe
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1 Project Overviaw

Thiz proposel sullines the design and implemantation of & pholavollaic-driven pumping
fydtam o Suppert & 4000-liter filted Systedm The systedm aime o T water Trodm
phytoremadiation tanks to s specitied haight, ansuring afficient tiltration and additicnal
wlility fumclicn®s The design conseders daily operational mequiréments, syshedm
sustainabdity, and energy alliciency,

1.1 System requiramants

Filtratiom ity

The filter systen has & capacily of 4000 livars.

Dwily water ingut requirement is ug to 1000 liters, And an additionad 200 L lor Shawer
Puirmpangy Haight;

The sysiem neads (o Lift water (o a height of 3 matars,

Florw Fafe;

Although no specifec flow rate i8 mandaled, the system design must accommodate the
totel daily irrediation during the least faverable day toansure reliable operation

1.2 Objectives

The pholovod1ais pumping syslem @ Sasigned [0 harness solar anergy [0 pOwer & wator
purmp, ensuring an eco-Trierdly and sustainable oparation capable of lifting water fo &
haight of 3 meters, Water will be introduced from the topg of the tank o promote
sadvmsaniation and anhpnon tha Tiltration process. Tha pemp @il have mulfple flunctions,
feading the filter and supplying water to a shower heater, Additionally, the system will
generate surplus energy. sulficient 190 charge elecinonic devices |ike phones oF phwer
lighting

System Companants

Photowoltaic Panals: Selection of solor pamels with adeguate capacity to generatoe
sutficiant power during the worst irradiation conditions.

Water Pumg; & DC water pump compatible with the photovoliaic system and that has the
according reguirement | Maximum height and average flowrate),

Enaray Storame: Batterias 1o sto0e axcass anergy genarated during peak sunlight hours
Control System: A controller to manage the distribution of power between the water
pump, enorgy storage, and auxiliory devices.




Wi also hawe the follodaing diagram that shows the proposed design Tor Ehe sys e,

(R L)
i imml Pl L e Wt Bparpssd

Dirwdeag mepran |
Sk ey Wate

2 Maoteorological dota

We agreed to dimensionate the System using the worst case in german in terms of daiy

irradiation and according to the data fram Meisonorm we have the following graph:

Merma G Aemwrraeaan B sy g e b e mey raen
[ T
T — — —— =

=n =

It Mlustrates thal e average irradiation for & day = betwesn 2 KWHhi'm2'day and

AEWnim2iday The caleulatean af the average Sradialion gave & 2,97 EBWhim2iday Feom other
Sounce [1] we alsa haws the Tolloeving irrasiation:

- Max - 3.4 KWhmn2iday
- Min 2 2.6 KWhim2 day
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3 System sizing baseline

W thien wse the Following formuls bo pel the approgcate Enegry thal the pumg should bawa
b litt the water and the relative solar parnel that goes with it

Vo=, 725

Ap

E represents the energy required in 'Watt-hours per day [Whid]
V represents thie wolume incubic maters per day (m3dd] (- 1200L)
- mM iz the manometric haight {sum of the heights: NS+ HD+ Loss] in

maeters im] = 3Imd
2. 735 represonts the hiydrawlic confficiont np roprosents tha afficioncy

af the pump (= 0.4)

The pump shouwld then get the necessary power 1o pump during the day whers the sun is

available (- 3 KWh'mdidayl
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Thi povesT e Bump ahould thean be:

E
R
W
- P regresenls e powed of the pump in Wate W]
- Whe pssiime ha maxt value
Atter the catculation. wa have the following result
- E= 2TWh
- P=3W

&4 P gizing

To siza tha PV system, we should take info account the daily selar irradietion, which depends
an the regeon, 88 well 55 the efficiency of the pump and the PV, which varies with the type of
materials usad,

Whare
= Pprepresants the tolal parsl power to be installed in Wait-peak Wi
# E represants the anargy requrad i Watl-hour poroday [Whid]
= Dir roprosants tha daily radiation in Kilowat-hoar par squiane migter par day |h'|.'."h"rn:-?.'-.'l_| |-
3 RWhimarday|
» K roprasenis the effickency copihciant of the photoveltaic amay (Gepending on the typa of
panel support and operating condiflions)
Wi naad & Y of only £ W il we want 1o 1Tt ihe watar

5 Simulatbon with Py Syst

Tha Sirulation with Py sy5l ghva a cefalled sipng of the system that teke into acoount many
parameters that may be wnkneen for some materiols and situateon but it can glve an
gatimation of what v may reed

‘Wi clid the Simulation with o 150 'W Solar panel. and 50 W , 2-30m Head Pumg that has a 2m3
=8 m3 Flowrata ard also a MPPT controller,

Thare |3 an opprative threshotd which ie lower than (02 kKWhim2iday and the missing water is
L5
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Dadly water prodisction vs Irredintion

LE

* B 1 1 I
pals * o Walkeed from 0109 10 31002 N
- w8 mehoma 4 ¥ -
j‘ 1‘.;‘_1 bt O - - s Iﬁ-ﬁ--ﬂ- - o0 &
e e s & EeE b e L e b
- g N ] o . a2
1o} g
'l' L
-
-
L osl g
]
= 3El- )
:
1% 1
o 1
4
ah J | L
|- | 4 ] 3 L

Nuaky EPectie Gehal Hedmien e oty

The Moatlly resuilt & shown in the table Ballow whede Lhe daily average of missing sealer is

0 mddday
DotdW | CArks | [ Peslp | [Tidull | 6 Paep | SPevsed | Wiesd | W ias
T [ Tiil (B i R -y - lm - Ll
| : : : . :
R = F Ty LI L e 1 S l
v sary i ma 2= LN 1 = ]
il 1 i W LA i I 4 1.0 k]
o 13 T o TR 48 2 ) 2
oy f £ i m T 1w 3 3808
Jawr 14 H £ 0 L L 12 . a-xe
[ 1A | L B ¥ 1hi 17 1.3 -
[ rer—— T ] i e i ik = 3 i
i gk i i 2 e = = 2
i = . ™ ]
MR R N 10 R L | & 3 o by =
. : : ; . . }
You . aw | am | mm | am : m |

« W méssed: Missing water

e W Usod : Water used

e WhPumped : Walter pumped

» EdrrMPP Energy at Maximum Power Poant

» ETkFull : Unused Enrgy bocause tha tank is full

W howe a maximum of 13 kWh of vnused energy each month that is equivalent of an average

of 400 Whi day . this energy can be stoned in o battery of 12V ard 50 &h and can be usod for

ather usage.
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1 far Filration”, |

6 Simulation with ather Load with PV Sysl

6.1 Sugiested Configuration

Coimipodnent | Caratisim b CaimiiTil
Solar Panel | A10W [ 33V
farsery 12 % 100 Ak
[ Controllar | 52=74 ¥ 30 AMPPE
Fumg 12, Flovwrate 8- 2 miih P = SO Mend b work abost 1-2 baur (o RE 1he ok

Wie choose the SO0V pamp so we can have &
Armkibty whespee mill choose i

Then wa gat the following charge Frofde

Fram 10 Am 1o 2 P, we gol the Pamp warking and we astimated ie masimuemn gower to 50
W, The rasl & residual neads [&e Light and Phane charger LB . We limiied the wser's neaed
during the winier Bacausg we want 13 pnoritize (he pumpng sysiem and tha lght in tha

fighlt.
i b weedn dinly gl il Seelalalee
¥ - = . i iy il e
i
&
1l =
i i i B i i
T Sumemen prat
B 1 e by probie b nesal skl
" ———




Aller the simulalion, we hase the followng resull:

e Vo B L L Py aped L] E_asr E_foall Sl rm
i e 1ive Ll [ L L ald
- - 1 .

sy o il ] [ 1 L FH 1 e | NET
(IS =Y =i L o [T 1 g ¥ $
g ] | C | r4) HiE Fad ] wat
dapid (FH 1 T ] B = -+ =i | f-
ey il I g X £ =h ] e 1 i
[EL2] [ itd W i o g 4] T
[ L, oy | =W i1 [F b | " | 1 685
daganl if i1} i &1 il i ] | 1]
b e gy 4] 1 1T C 1 BN i 1 i
iinbwda = | (T ] W ar AT H 18 -] 1088
e b 1 | 154 iF it i 3 | 1 EE
[CSE L] kL 115 2 i 18 11 aE | L
lr-- 1 1 T L] i ok - | =i | 1]

& GlobHaor : Global harizonial iradiation

& GlalEIT : Effactive Global, corr for LAM and Shadeng

w  E_Avail : Available Solss Eneriy

& Elnused- Unused Enegy [ battary Tull )
& E_Miss : MisSing eneqy

& U _User Energy supplied toihe use

s E_load Energy need to the user (load)
s SalFrac Solar fraction | ELsadiELoad)

W obsryed & rigsing arergy range of 2 10 11 kW per month, sveraging 300 Wh per day,
Hewear, this short fall won't impact (he purnping system if wa griofilize pumping. From Agpril
o Oclober, the system operales wilh 200 missing anergy, demonsirating (s high el ficiency

during 1his paricd,

6.2 Solar Pumping System Diagram

s e T

" Galar Parsl (410w 35
Hattery |T2% 100 Ah

. Controlber |MPET Si00 W 25 4
B ] S0

Rl

1A Solar JAMTZ-510-410-PR

b Soabd Gl

EmaertSolar MPPT 150035 12

| T o e fimnaned
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BATTERY
Lt e PLILE PR
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1- Circult Breaker | Soma of tha Circuit breaker are Optional |
The Circuit breaker should have a calibre more than the lewing current and tension - far
ol case 8 S0V 30 A will work fina,
2~ Controller
3- Switch [ i the pump use more than 1008 iE will be wise to use relay)

6,3 Suggestion
Pragencs of the HEHET:

Indeed. we don't need battery for the puping part, Hoeever if wa want 1o store all the unused
anargy. it will ba Dotier 10 usa battery to pllow us (D use The energy wihen (he aun won' 1 be
avieinblsa

Thi battery showutd be dimensionate up to the needed energy during the day

Eweriey durimg far aday = e off alpvice Hvar of o raion

Thi capacity of tha Battory is then determined by

LT _Envegy alurtng she diay
LIy '.'.-\.'_|.-|,.- ; l.'l_ﬁ.
0.6 I5 the snfelty factor for voltage drop of the battony

For our case [ load profile in Summaer ) we have a fotal of 480'Wh that maans wa nesd a 64 Ah

Battery. Wea then canwark with a 100 &h Battery with few irradiation for 2 days and 56l

gat enough power if tha battory was full




There are bwo main types of botberes used in solar power $ysiems: Lead-Acid and LiHkium-

lon. Lead- Acid batteries, including Flooded (FLA) and Sealed (SLA) types, o cost-effective
and reliabde, with FLA requiring regular maintenance and SLA beang maintenance-free but
more expengive. Lithiom-lon batléeries, parliculady Lithiem Iron Phosghatle (LiFaPOd), offér
high energy density, longer bifespan, and better efficiency. They are mainfenance-free and,

despite a higher upfronl casd, can be mare cost- affective aver time due b their durabality.

AL System rathar than wsios inverter for AC needs

Doting Tor & DC system ingledd of usshg an imeerber in 8 solar-pawered house ofTers sevaral
advantages. Inverters, which cenvert D from selar pansls 1o AC Tor household wia, resclt in
energy losses & DC systemn ovaids this coreersion, retaining mone of the generated power
and improving averall efficiency. Additionally, invérters add to bath the intial selup and
maAinlenancod cosls, so eliminating 1ha irverter reduces thess sxpenses. making the systam
more economical. A DC sysiem is alzo simpler, with Tewer componénts that can fail or
requere  maintenance, leadng to increased religbility ard case of installation and
troubleshooting. Overall, a DC systam can afler & imard elficianlt. cosl-eTlective, and reliable

solution Tor solar. powered hames compared 1o wSang &nirmeerbar.

Thie goreeer a1 the irverler shoudd e calibrated based on the total AC load it will nsad 1o
sippart simullanéaudly, Accirding to the dally usage prafile, the paak load is estimated 1o be
B W, Haowerver, thas may vary depending on the uwber's halats and usage palterns. Theralore, it
i eswantiol (0 contiler polantial varalions in Dowes COnduMmpLon 1o ansume the inverbar an
handle cccasional surges arsd maintain reliable cperation under different conditions. By
accuralely matching 1he ifverlar cagacily 10 the anticipaled load users can oplmies
pearfermancs and afficsancy.

Thara ara many Pump on the interned thal have o Lower Powed Bl $1d] has the ability 16
pump At the neaded Hesd and Flowrale that we wanl
A Z3W 12V DC pumg with 0.9 m3h and Sm Head :

iﬁ,_"n;;_ ) '

e F o ampds ol pump
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A 19W 12V IDE pump with 08 m3h and Sm Head -

12V 800L/h 19W

(nly Famp)

Figurs 8 exampieod poemp

An gutompted svatem thal will shul off the ume when the tank is full

Thie sysiem should include an sulomated feature that shuts off the pumg when the Lank
reaches full capacily. This ensures elfficient waler managament by préventing averilow
and conserving encrgy. By automatically stopping the pump a1 the appropriate time, 1he
sysiem reducas the need Tor manual monilarmg and infervenisdn, enhancing owerall

gconvansence and relialility. |11 can réplace the swithe in the figerse 5

The Choice af the regulatar

There are Dwo lypes ol regulatars: PWM (Pulse Width Modulatson) and MPPT [(Maximum
Parwerr Painl Trackingh The MPPT regulator is mone efficient than the PSWM regulataor bul
can be more expensive, Regardless of the byps chosen, the ragulator ghould have a powed

raling higher than that of the PV sysiam and be capable ol handling the ingul Sufrent.

I owf SCenaria, we have & single solar panel rated al 410 W and 35 W, which produces a
current ol 11 A We have saleciad an MPPT regulator wilh a powes rating of S00 W and &
i current capgacity of 30 A, This setup ensures the regulalor can manage the inpul

Froim Ue pane] alficienily.

I same cated the system may include additional strings or series of PY panels. Tha
conlipuraton will dapend an the inpal vollage and currént spasifications of the controller.
Proparly fmbtching thass parameters ansurad aplimal parformancsd and protection af tha
PY systiem




1 far Filreation™, A

Remark : In some cases, the regulator may not have a Load cutput pin bul only 4 Battery
charge controller, in such systems, the load should be connected directly to the battery.
The solar panels will connect to the regulator. which then charges the battery. The

iveerter, if vsed, and other loads will draw power directly Trom the Batbery, snsuring

contimmus power supply even when sofor input Fluctuintes,

oGC 13y |

AL LWkDl

Hefe is the summary of the sysléem where we can use two of the 23 W Walér pump 1a Lift

waler far @ach naed




T Conclugion:

In Conclusien 8 syslam that has & 410 W - 33 YV Solat panel added 1o 8 500 W MPPT
Controller and & 12 V100 Al Battery can sugport Do Mini Waler Pump te T the watlar 1o a
000 L Filtar with 8 1000 ey Flowrate and 1o & ahower with 200 Liday, Additionady we can
use Ihe urmsed energy 1of Dghtnimg and phans Charging of oher use This sysiem was
designed lor worst case so Thal we can always pump during the day.

B Reterancas:

|1 htipafElabal sl aratlas.info'dovwnload mermany

1€] P¥eyst 5A - Pompage s fil du soled - Circult Hydraulgue

[3] Giusllaume Aubourg a1 kean-Marka iy [pS-Eaw, Denis Dangalx Arena lle-de-Francal, La
pompagn solaire Options (echniguas af retours d expbriences s o pires pour |'action

[4] M.BAKRI LE POMPAGE SOLAIRE PHOTOVOLTAIQUE Manual de cours, CDER
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The Benefits of Using Potassium Polyacrylate in
Reforestation Projecls

Reforestation, the process of planting trees in
deforested areas, is  critical  for  restoring
ecoiyeiems, combaleg climate change  and
presarving blodiversity. Howevar, the success of
these projects often hinges on the availabdity of
watler, a resource that can be scance in many
magicndg, One innovative Soluton 19 this challengs is
the wse of potassiom  polyacrdate, @
superabsorbent polymer thal can  significantly
enhance the el iecliveness of reforestation alforts.

‘What is Potassium Polyacrylate?

Patassiem  polyacrylate = & water-absarbing
polymes that can ratain large amounts of water
relative 1o its own mass, When mixed with soil. it
acls as a waler reservoin, copturing and storing
water that would atherwise drain away. This siored
water is than gradually redeased back into the soil,
prowiding a steady moisture supply to plant roots,

Banefits in Retorestation

Enhanced ‘Water Retention: One of the maost
signifecant advantages of polassium polyascrylale is
e abadity 1o ralgin wated, In areas prons 1o draugh
o Hreaular raantall, thes properly encures [hat
saplings have access 1o the maisture they need to
survive and grow. The polymer can absorb up to S0
imses s weighl i waler, dramatically imgroving
sail malsture content and reducing the frequency of
watlering required.

improved  Suredval Rates: Young  tress  are
particularly vulnerable 1o water stress. By ensuring
& more consigtent  walér  supply,  polassium
polyacrylate can halp increase the survivad rates of
saplings. This Is especially mportant in ard and
semi-arid regions where reforestation projecis
often struggle with high mortality rales gua Lo
insutficient water

Cogt-Effactive: 'Whila the initial cos! ol polsssiom
polyacrylate may be higher than traditional
irrigation methods. its ability 1o reduce the need for
frequent watering can lead fo long-lerm savings
Less freguent walering nol anly lowers labor and
waler cosis bui slso minkmizes the logistical
challenges associated with transporting water Eo
remale reforas lation sites.

Z0il Improvement Beyord water  retention,
potasaium polyacrylate can smprove soll structsna,
By maintasning consistent molsture levels, it helps
prieent sodl compaction and erosion, promoting
healthier root growth and soil aeration. This
contributes to the owerall fertlity and resilance of
the soil, creating a more supporivee environment
faf yourng freas.

Environmanial Sustainability: Fotassium
polyacrylate is biodegradable and breaks down
ints  pan-toxic  components,  making it an
enviranmentally Triandly choice. He use can reduce
the meod for chemical fertidizers and pesticides,
which are often harmful o the swrounding
sl ey SR

Climate Fesilionce: As climate change intensifies,
regions around the world are experiencing mane
exireme woather pattemns, Including prolonged
droaughts,  Potassiem  polyacrylate  can help
referestation projects adapt 1o these changing
conditions by ensiring trees have socess [0 walsr
awan during dry spelis, This resilience s crucial for
thi lang-term suconss of reforostation offorts

.;F.Il:..h. ' .
' ':"‘ﬂ -
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Potassium polyacrylate is not yet widely adopted in
reforestation projecis, bul il has Saen increassng
iMerest due to its promising benefits. Here ane
soma key points regarding 15 useges and potential
in reforestation

Lirmvited Bl Growing Usage

Experimantal and Pillot Projects:

Patassium polyaciylate has beéen uséed no o
auaperimental and pilot reforestation projects to
avaiuaie its effectivenass, These trials hava shown
positive results, particularly in arid ard Sesmi-arid
mogions whore water scarcity is a major limiting
Factor Tar tree survival and growth,

Agriculture and Horticultene:

Whila nat  yel mainstream 0 refarestation,
patassiom polyacrylate has been more commondy
used in sgriculture and horticeliure. its success i
these fields suggests potential benefits far
raforestation, especially in improving soil moistiurs
retlantion and plant survival rates.

Potential Benafits in Reforestation

Water Scarcily Salutions Reforestalion projects
aften face challenges duss to inconsistent ar
mauflient rafall. Potassum polyacrddate can
help mitigate those issues by storing water and
relaasing it gradually. encuring & more rediaile
waler supply for young ress,

Increased Survival Rates:

By providing a consistent sowrce of moisture,
potassivm  polyacrylate can help ncrease the
survieal rates of saplings, partclady in their
critical early growth stages

Reduced Watering Freguency:

This palymer can significantly roduce the nead far
Frequent watering. making reforesiation projecis
mare sustamable and cost-effective, sspecially in
ramote of difficult-to-access areas,

Challonges and Conslderations
Cost The imitiel cost of potassium polyacrylate can
ba higher compased to traditional  watering

matheds, Howawer, the long-1erm sawings in water
ard Labor costs might affsal this initial irvestmaent,

Enviranmental Concoms:
Whils potassiom  polyacrylate  is  generally
considered safe and bicdegradable, there are

ongoeng studies to fully understand its long-lerm
arvironmental impacts, Ensuning that thea polymar
wsed is of high quality and environmentally friendly is
eggantial.

Awnrgness and Adoption:

Wider adoplean ol pilassium  golvacrdate in
refornesialicn refuires incrapsod gwarentss ameng
Forasiny profesciongds ardd WLIEWHETB.
Demonstrating its effectivencss through successiul
coge sStulies and pilol peojects can hilp buold
codladersse n 08w,

Concluwsion

Whila potassiom polyacrylala s nol yel 8 common
tool in refocrostation progects, s potantial benafits
make i1 an atiractive option for enhancing the
suctess of these initialregs, Conlinued research, pmlal
projects. and increased awareness could lead io
broader adoption, wltimately helping to  improws
reforestation outcomes, particularly in challenging
anyvironmanis,

Referoncas:

& Water-ghaorbing gel increates onap vields in
drosgiht-prone greas” - This aricle discusses the
use of supsrabsorbent polymers, ncluding
potassum polyacedlate, in agrecullure Bo impnons
watad retenlion and crop vielde,

» “Superabsorbent polymers (SAPs) in agriculiure
and erwvironmental management: & review™ = This
camprefEngng FEVHW eaploras VAFKILS
applications of superabsarbent  polymers,
inchiding ther pofential in enhancing  soil
maisiure Federticn in  agraculferal | and
anirgnment sl seltinge.

» “Effectiversss of water-absorbing polymers on
tree establishment in arid environments™ - This
Study exsmnes the impact of superabsorbant
polymers on the survival and growih of trees in

dry mgions.
Ninﬁ s
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Construcied weilards offer o cost-effecine snd sustsinsbilo solution for maraging raimenfier on sites whers runodf
CUTRE Ly GScapea b riod production Tiolds of Flows Back inlo e sei. Theso Sgineensd ao0sysDims mimie 1ha fincions
e natural wellssgds, proniding afficain] wadbimator Irgatmenl snd snhancing frilvealer glorage capabilities, By
barnaesing the naturs] prococsas of sedimantalicn, fillcalsen, asd Bologcal upbaks. commiructod wallards eflocivoly
romave pollotanis from wastewater, thus reducing ihe envionmenial impact on swerounding agricul tursl ard maring
scosyatinmi. Addnionally, the ability to wiere and gradually relonss Mnesheatar impeoves walss saailabilicy I fica
cultivation amd othesr uses, promaling waber secarity and resllisrce, However, conelul conssderation mus! ba given o the
chotos of matonials, partioulerly for the poed liners, io ensune long-ferm offecibeness and cost efficiency. This meport
will dotve into the om saalyais of mplementicg conatroetol wollonds, smphegiring their dusl Beeslite and tha
challenges sssocisled with matenal selection

Casnparises of Synihedie Linors va. Natural Liners (Clay) in Witlasds
Camirustion

Consbrucied wellsrsds serve o wanety of purposes. fom  waber
puarification to habitat creation. When consiructing & welland ower o
large Sran, such as (ke axampbs we oxplong Bea - 20,000 squang
meders, choosing botwesn synthetic bieers sd ratural clay liners
involees a celaided analysis of cosis, Inbor, and envioemeniol Erascis
Thish sdiy provides & rough edtimalion of Lk and malsrial coate Foa
boih cptons, and infroduces on economical compromise using o
Earinmin-aminded S0l basa under 8 syntheic liner. This Bpproach
Baliegs  nibal  So4E  aRAngE  with  |B0E-1EF MAinLAEREE
considerations.

Froject Contaxi:
University of Andaranarise Garden of Eden Constructed Wetlonds
[zhrea 20,000 sousee mabers of ponds]

The goal of the Universsty of Antonananen Garden of Eden Corsirucied
Wetlonds project i 1o create o sustainshlo and offective seiland anss
i wnstwntor irenteinl ond also Tor Frash wirlss S10egs - in sepanabs
arpag of the largs univirsity landecaps. The quesion hare cenlers on
whathesr bo wse & full chay lingr, & synthedic bner, or a hybrid spprosch
wisital g 8 T nEGnilE- Dimiled Ll Badin umsbid @ Synifale Lo

Estimation of Labor amd Material Costs
Synihaethc Liners (8.2 EPDM, PYC)

Mlaterials
« Lingr Cost High-mmality EFDM lingr costs approaimately 53 1o 55 por soqusne motbor,
o Total Cear: FO000MT « 54 (avoraga) = SH0,.000.
& Gaslaxtile Underley: To pralect tho lingr, 5 gocfextils undelsy is lypically uied. codting asound 51 par squara
mater.
a Totnl Cear: 20,000mT 51 = 230,000,
& Adckliongl Mabisals Adhasim, thpoe, and aiFssr matanials 60 spama ard ropaicg, roughly aglimated ot 55000,
« Toiol Matesml Cosd: 5105, G0,
Lalseer:
& |natellatses Lalor cosld for inglallaticn o ppproximately 52 10 54 pie el mokor, cniidiring the aesd Jor
skified labor o evsure proper nstallation
o Todnl Cost: 20,000m? x 53 (evonagal = S60,000.
o Total Labor Cosl: S0
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Bantoni1s Clay Lieer

Pl barinds:
= Bonicaie Cost: Bentonite cliy costs aboan S0US0 to 51 per klogram Assomang o layer thecknass of 10 cm and &
dansily af 1.5 kg poar l®ar
= olume Mesded: 2000000m7 1 0.0 m o= 2,000 m".
+ Waight Mepded: 2,000 m® x 1,500 kgim? = 3,000,000 k.
o Tofnl Coat 3000000 kg = S0.75 (svaragal = 52,250,000,
Labor
= Inatallation Labor cosis for sprosding and compaciing ihe cloy aee higher dus o the volums and weight mvwolved,
appeozimabely 55 ba 57 par squane matar,
= Total Cost: 20000 m” x 56 loveragol = SE200H0
o Totol Lator Cost: S120,000.

Banioni{e-Amended Soil Boee Under Synthetic Linar

el bt

& Bontenie Amendmant: Adding o benlcnfe Layer (approximately 5 oml ender the symibetic lrer 10 improwe the
soalg. Thes requires loss benbonibe.

« Wodurmg Noeded: 20.0000m® x 0,05 m = 1,000 m',

& Weight Mesded: 1000 m? x 1,500 kgim® = 1, 500000 kg
& Totol Coat 1500000 kg & 5075 = 51,125,000

»  Synikeric Lirkr Coat As proveoasly eatimated
o Total Coak SI05. 000

Lk

+ Inatalinteen of Bardonite and Lingr: Combsrd labor cost i3 lowss than ingtslling o Tull Boenbanils Lyas Bul PBgher
ghan irsialling only a gyrihetic lmar,

= Tofal Cost: 20,000 m® « 54 (average) = SROO00.
o Total Labor Copt: SEL000

Envirenmenlal lmpact Assosiment
Studies comparnng ke cnvirconmaental sroscis of syndhetic and dlay liners highlight several imporiant faciors:

Synthatic Liners:
« Erviironmental impact Production and disposal of synthobic lingrs contribiste to @astic poellution ard carbon
amissions [Masch & Gossolink, 20855
&  Duradility and Lessgowity: Synithirlic lingrs are durabde and roguing loss frequant ieplacamand, rsiucng long-beim
enveonmanial impoci [Kodlec & Wallpoe, 20085

Banfonita Clay Liners:
o Ervairoevmeesrtal Impaci: Bentonibe is a natural material with o lower evsirorenental footprind in benre of production.
Heveower, 1ha mining and IFanspaniation of Irgo quanCities can £1ill hive ssgnificant Erpecis (Boyd, 20000
+« Ecologecal Imagration: Clay brsers inbegrile mire saamlossly inds Ehe natural emviranment and supporl mons
na furad wolland Tunciions |Hamimes, B9S2

Hyhrid Apprasch:

» Ervirceenenial impact Using & bentonde-amendod soil base reduces the solume of synthebs materials required
and levorsges the ratural sealing propories of bonbonite, minimizing cversll ensironmental emoact (Hammaer,
19821,

i
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Freshwater Storage [ Rice Research Bed

Freshwater

A Synthetie Liner
Rice Research Bed
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Conclusicns and Cost Comparisan

Tha: table below summariaes the casts for each option

Todal Projected
Option hE ':__ Liner Cast
| 20,000 mX]
SyntEetic Liner SE.I% 165,000
Bviboritg Cldry Liriied S 1iR543 SEAM.000
Bentonite- Amerded S0 Base ard Liner 58550 S1L.300,000

Cost Comparison - Gualitative

Givan the significant cost difference. the synthetic lirer s the mast econcmical option inltially,
followed by the hybrid approgach, Tha full bentenite clay lines, while natural, is the most expensive,
The hybrld approach using B bentonste-amandaed scel base under & synthatic lirer provides a
balancad solution, offering cost savings while leveraging the benefits of both materipls,

Each af the thrae opticns for constructing the University of Antananarse Garden of Edan
Consiructad Watlands — using a synthatic lingr, o bentonite clay Liner, or a bentonite-amended sall
base under a synthetic lingr —is wable, with uwnigue advantages and considerations. Whele this
assay focuses on the economic aspecis of liner consiruction, it is essential torecognize that the
final docision will dopend on o variety of factors beyond cost, iIncluding endironmental impact,
durability, and specific project requirements, This anadysis salely compares the construction costs
of the threa liner options and dops not address other ritical isswees such as water quality for
drinking, showering, or research purpeses, which ane being thoroughly investigated In parallel.

Roforances

Boywd, CE. (2000]. Waler Quality: An Introduction. Springer Science & Business Media.

Hammier, 0, &, (1982), Crenting Freshwater Wetlards, CRC Pross.

Kadlec, A H., & Wallace, 5, [, (2008) Treatment Wetlands, CRC Press,

itsch, W, ), & Gosselink, ). G. (2015). Wetlands {Sth ed ). John Wiley & Sons.
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"Afroe From Deforestation to Reforesintion”. Kimani

Case Study: Engaging International Fallows ta Advance the Foundation's
Stratogic Academic Goals

Ag part of our angaing commitmeant 19 festering global collabaration and
advancing ow sirailagic initiatives, the Foundation launched o pilot
Fellowship program in 2024 simed at engaging young professsonals from
aroursd the workd in targeted reseanch endasvors. This program. which we
arg developing info & reproducibla model, seeks o hamess the axpartics
and local knawledge of emarging leaders in various fields, sligning thair
efforts with the Foundation's broader goals of sustainability, conservation,
and seclal impact,

One of the standout participanis in this insugural cohort is Mr. Samuel
Kimani, an industrial enginger lving and working in Kenyae Mr, Kimani's
role in this program has been instrumental in shaping the Foundation's
approach to reforestation in Africa—a critical ares of foSts given the
cantinant's uniqua environmantal challenges and opportunitiss

Fellowahip Overview:

Objectivee The Fallowship Is designed to provide young professienals with the cpportunity to
eantribute o high-impact reseanch projects that are of strategic importance 1o the Foundation,
In this cage, Mr. Kieman was tasked with investigating the corrent state of reforestation afforls
across Africa, identifying successful projects, and profiling key stakeholders invedved in those
initEativas,

Scope: Mr, Kimand conducted in-depth research, leveraging his engineering background and local
ingights 1o produce a comprehensive report on Africa’s most important reforestation projects.
Hés work ot only heghlights the current Landscape but #lso identifies criticad seccess feciors and
challengas, ofiering a roadmap for future interventions,

Impact: Mr. Kimani's research serses 82 8 launching pad for upcoming fundraising activities, as
the Foimdation secks fo support tree conseryation efforts at the University of Antananariva in
Madagaecar. Howewer, The implications of his lindings extend Tar bayond [his specilsc inilale,
Hiz report 2 & walugble resource Tor anyone interested i reforesiation end collaboration in
Africa, offering insights that could inform policy, direct funding. and inspire further research

Teowards n Roproducible Modal:

The success of Mr. Kimani's Fellpwship has provided valuable lessons thot will shapo the
Foundation’s spproach o fulure engagements. By developing a struciursd, yet flexible,
iramesoek for these fellowships, the Foundation aims to replicate this model across differant
regions and thematic arcas. The goal s to create a network of infornational Fellows who can
cantribite 1o the Faundation's misson while afvancing thair own professiona] development.

I conclusion, Me. Kimani's work exemplifies the potential of this Fellowship program to drive
impactiul ressarch and foster intemational collabaration. As we rafine and expand this nitative,

wear bgok forward to angnging mare young professionats lke br. Kimani, whose contributions are
essential to achioving the Foundation's vision of sustainable development and environmental

alavwardahip.
.
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From Deforestation to Reforestation:
A Historical and Contemporary Analysis of Africa’s Forests

1ISF Fellowship Inermational Cormespondent Engagement
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Frepared as part of the JJSF Fellowship Program 2024
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Afnoo From R efore .'-'|' Kimm

Africa's Green Legacy

The farests of Africa exude an ambiance that has become known, o many, as the
continents cultwral totem of natural wealth. The oxpanse of this important resource has
ignited pristine dialogue around the wiigue interaction botwoen natwre and the seciod,
econamic, pelitical, and religious frontiers of African living. How a forest could be the
lifeblood of natural flora and fauna and still hold deep sncestral significence to rural
communities has remained a defining feafure of Africa’s vast jungles. The woodlionds and
rainforests of sub-Saharan Africa (554 account for the largest proportion of Africa’s diry
forasis and constilule batween 14 and 16% of the earth's fotal forest cover (the Food and
Agriculture Organization [FAQ|, 2020; GFZI, 2024} These vast forestlands host a rich
biodivwersity that balances nafurad phenomena, including watoer flaw, climate patterns, and
sail retention (Chidumaya & Marenda, 2010)

The importance of ranforests as a natural ssurce of Uvelthood n Alrica stems from tha
realily that this continent i= the mosi paverty-siricken in the world A2 éver, humans
continee 1o exerl tremendous pressurg an &frica’s rainforests by unswestasnabty harmessing
natural resources o meal and sustain their lvelthood demands. For instance, aboul 80 ta
B of Afvica’s rural households déepend on charcoal as wood fuel with wodd producls
contributing roughly T5% of all houschold energy needs in 554 [Chidumays & Marnunda,
2010 Yirdaw, 1908). The extensive use af Africa’s forestland and its resources in activities
such as agriculture, livesiock farming. urbanization, fuelwood scurcing, and logging has
resulted in severe deforestation and other related eoologicol repercussions. This paper aims
to explare the extent and status que of deforestation against the backdrop of S54's
pecgrophically different forest regions. The paper then details a chronological hstory of
deforestiation acrass Africa™s foresilands, a discussion of i1s causes and effects, and tha
cusrent state of swarenaess regarding forest probection and activity control. In the interest of
eaploring current efferts in eradicatmng delorestation acrass 35A, this paper also autlines

current initistives focusing an reforestation and Land restaration.

Egibind wiichE, alduiBind fmawii
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Afnoo From

The Poverty-Deforestation Cycle in Sub-Saharan Africa

Human encroachment ard agriculturad activity on forestlonds have existed for millennia; in
foct, deforestation may have been ccowrring for as long as humans have beon practicing
agriculture (Hosier, 1988} It was not il recently, following the emergence of global
awareness 10 combal climate change, that deforestation became a pressing issue demanding
urgent preventive and restorative action for 554°s forests (Chatham House, 2023). & sensible
first step to understanding the nature of deforestation would be to source a definition for the
term. The FA0 termed it as “the comeersion of Forest 1o other lard use indepondenily wheether
human-induced or nol”™ (FAD, 2020a. o 6. & more human-centersd definition of deforestation,
affered by the United Mations Framewark Corsention on Climate Change (UHFCCC), is “the
direct heman-iuced cormrersion of forested Land to mone fonested land”™ (UNFCCC, 2002, as
citied in Chirws & Adeyemi, 2020, g 187). In bath definitions, human activity plays an urdeniables
rale in the depletion of forestland,

Unders Landably, then, the eéxtent of delTaresiation. &5 witnésted in S5A, alludes o 1he pressurs
applied 1o forestland by buman activity, Much of thes activity is driven by poverty and limited
livelibood choices (Chidumayo & Mamunda, 20100, Forests canstitute o bountiful ecosystem that
provades S5AS rural inhabitants with a plethara of edible fruits, plants. and game meat to soert
famine and food msecurity. Much as human dependence on faresiland offers & safety net for
nubritionsl neads, 5547 woodlands and dry forests also suppart local industrial acthity
through the production of wood and non-wood forest products. Commaodities ranging from
timber 1o beeswan hefip sustain o formal reenue economy in SSA, which critically bowers the
I far aver eeploitation (Chidumays & Manands, 30104

There has been eatensive esearch probing indo the impact of deforestation across the world's
rapcal rainforests; Bhawever, the effects of deforestation on dry lorests and semiand
eCofyElems remain less known (Hoséer, 1983 Some, lke Lugo and Brown [1982), hawe
reasoned 1had deforestation ocoours in consonance with life mones: thal iz drier areas
experience more deforestation due bo sccessibility that is limited in heavily moist areas.
Therefare, diier forestlands méay have undergone relatively moares denudateon over the cenluraes
compared ta rainfaresis ond sublumid woodlands (Hosier, PREE). Another scgument is the
absencs of sirong advecacy agains encroschment in tropical semiarid foresis, which resulls in
widier degtruction than densely moist Toredtlands Janzren, 1887). Drier mones have 8 lesder
capacily 1o support sustanable agricudture, extensive pasiurage, or charcoal production and
will thus be easily destroyed.
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The Statistical Canopy: Humbers and Narratives

The lorgest proportion of forest cover in the world is in 554 < this region alone accounts for
Bl af all dry fonests in the world, The largest propartion of these fomests ane incentral (37%%)
and southern Africe (28%) (Mair & Tieguhong, 20041 Dospite this tremendous figure,
forestlands cover a mene 8% of Africa's totad land area despite being a source of sustenance 1o
aver hali of the continent’s population (Bodart et al., 2013; Freedman, F2851 The highest valume
of global deforestation within the last contury occurred in Africa’s dry forests, There was a
mecord T loss within the Last 25 years of the bwentieth century (Bodart et al, 2013), with
humid tropical {grests constituling about a sixthof this foss in 556 (Brink & Eva, 2009),

Globally, forested arcsas have boen declining at o rate of abowt 0U13% each year between 1950
and 2015 = much of this decling has occumed in Alrica and Evropss (Sanchar of al., 20181 Cwer
this period, forest cover in Africa’s forestlands dropped from 24.9% to just ower 21% (African
Forestry and Wildlife Commission [AFWC]. 20220 The 2020 Global Forest Resource
Assessrnent (FRA) report by the FAD indicated that Africa had the worst annual deforestation
of the 2000s, with the forested aneas of eastern and scuthern Africa accounting for the largest
logs FAD, 20200]). & depreciation rate of 4.1 million heclares aver fen years, starting in 19640,
rase 16 4.31 million hectanes in the decade leading up 1o 2000 and further up to 447 million
hectares bobween 2000 and 2020 (FAD, 20201, Despite those ncremoms. the anmusl
deforestation rate was reduced by 4.5% batwesn 2010 and 2008 (FAD, 2022,
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& Geographical Rundown of Africa’s Forestlands

The forestlands of West and Central Africa constitute the largest forest coverage in Africa.
The West African woodlonds and dry forests stretch along the Allantic coast, nestle vastly
acrass the southermmast fringes of the Sahara Desert, and fray inte the Ethicplan highlands
ard coastal Red Sea of Mortheast Africa [see Figune 1. Similarly, the subhumid forestland of
West-Contral Africa starts on the Guinean Atlontic coast, troverses four 'West Afrcan
countries {lvory Coast, Ghana, Migeria. and Camerpon), and setiles in the Central African
Republic and narthern region of the Democratic Republic of Congo (DRC) {Chirwa & Adeyemi,
20200

N Closed Romewin | carcgry oovr =157%]
I Open forests lcancpy oover 25-25%]
1] velospeilaneds | canesy oomeer 355

[ el

Figure L The cumveni sxpanse of ESA&'s foresis socondeg #0 the Aflns of Forest Landscapo
Raritoration Dppor o tes By (e World Ridouices britinaie (R 2034),

A further extension of the subhumid forestinnd is the famous Congo Basin, an ntact expanss
that covers 14 millian sguare kilometers {sq. K} spamiing six couniries. The lotal land mass
acoupesd by the West-Cantral Afrcan tropical resnforest s approximately 2 mallion sog. km,
making this the second:largest rainforest in the world after the Amazon

e e e
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ngha (Malhi, 2018). It is hodse W variont iree apecies, including the 20-metar all Parinani
excelaa and the invasive human-planted Elaetss quineansis oil palm wariety, The Conga
Basin hag been apily callesd the “Lungs of Alrica” & bafilting moniker hailing s vasl 0%
sontribution toecological gaseous axchange among all 1orestlands in Afrce (Nater. 20230

Parallel 1o (ke Guinesn dry Torest i@ (ha northesn mesic dry woodland, stretchng over 206
million sg. ke from the Senegalese Atlentic coast, through Mall, Ghana, snd Nigeria, and into
the south of Sudan and Ethicga (see Figure 1h Human activity has disrupted this forested belt,
leavang Tragmented woodland, bush Talkows, and wooded grecsinnds conlaning 1nsas Chat
rarely rie above live meters [see Figue 20, Scattered romnanis of the bacobal and Acacis irees
are common in the mesic diy forestland. Fanally, the East ard Southern African forest fone 18
home 1o the Miombe wobdiand, which covers about 10% of the entire African lond mass, tha
teak and Acacian woadands, the Mopare woodlard and shrebland, and the vastly degraded
East Afrigan serianid dry woodland comprising seme LG million sq. km of deciduous bushland
dominaied by the Commiphora and Acaca genus.

Figura 2. Tha current condibion of S54's forests snd woodlands (WL 2014) The northarm mesic
dry woodlands [topmost green color) ane mastly fragmented shrublands whereas the East and
Sputhem Alrican lomestlands ase seversly degraded. Only the dark green rainforest of tha
Congo Hasin romaing intact n the whole of S5A
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Tracing Africa's Deforestation Through History

Deforestation caused by wvarinfions n tropical land use has been a magor confributor 1o
anthropogenic climate change, carbon and greenhouse gos emissions, modified gaseous fiwater
cyrles, and biodiversity doploticn. While Africa’s tropical forests have not wartanted escl s
attention in the global fight against erdmonmental degradation, their exceptional deersity
accounts for one of the largest terrestrial instruments for carbon sequastration s such, 55&'s
forest cover contributes significantly to global carbon budgeting with sustainable feedback
across the sub-Saharan climate system. Estimating the impact of forest clearance and land
encrachment through human acthity over time helps situade its impact on 554 climate
system Current global bicspheric trends rely an the accuracy of historical forest estimates for
tropical deforeststion Dileman ot ol 2008).

One of the earliest and perhaps most striking deforestation phenomena, dating back about
2000 o 3,000 years, wias the late Holocene rainforest orss (LHRCL Evidenco of extorsine
forest loss earmarked by the disappearance of a blanket of forest in the heart af West-Central
Africa’s roinforest raised rumercus questions. Amid what was a redatively warm period caused
by the glaring arid climates of the Holocene epoch. a vast area of forestand retreating inbo a
pockel of isolaled shvamna Backwoods siadked mimerous debales aboul what caused it
Researchers oblained refutable evidence of the LHRAC from sedimens collected on the foor
of Lake Barambi

tonatheless, justifying forest decline during the LHAC was complicated by the fact that a
major Neolithic expansion was building southwards as farmers migrating from West African
border  regions  entered  Wesl-Central  Africa.  Despite this conlémporansous  human
mesedibement process, anthropogenic activily has not become a major infleence on fonest
trardgfarmation. One hypathesis was that Tarmers wene leveraging a naturally eccurring forast
denislation caused by the arid climate. The opposing view was that il was these farmers
activities that cavsed (he forest |oss Fecent studies have since established that the LHRC was
due to human disruption of the minforest ecosysiem st opposed o naturally occurming
hydralagical changes {Bayon &t al. 2002 Garcin &t al. 2018k
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The early Iren Age incited & waree of human setilement in West Central Alrica arsund 900 BC;
however, after about 500 years of anthrepogenic activity, there was a subsequont decline in
human activity (Malhi, 20081 Forestlonds in the Congo Basin recowened wvariably triggersd by
what is thought to hawe been & human epidemic, which wiped out most rursl setElers. Anathesr
population decline happened arownd 100 A0, resulting from despodation and rural emigration
triggened by colonial warest during: the transatlantic slave trade [Malhi, 20018). Today, mast
foresilands in the West Central region bear lopalogical markers signaling imenmittent periods
of declined human activity. For instonoe, palaco-data from Benin and Togolese forestlands
réaveal that there was a transitional phase circa 4000 years ago caused by aridity. Most
encouraging s how all cozes of degraded Toresiland resulled in vegetational re-ratation aven
after long periods af severe anthropogenic deforestation.

The nexl mast rampant period in delorestalion across 354 was (he twentisth century. Most
astimales chow that the 1000s were a pariod of astrenomically high deforestation [Sodhi et al,
2010; Ter Stesge et al. 2015, Anywhere between teo-fifths and one-hall of Africa’s tropical
rainforesis were deforeted during (he Dwenlieth century (Aleman &1 sl 30E). Wesl Alrica’s
foresibands account for ©0% of this depletion, while East Africa lost at least 75% of its
woodlands. Some af the worst alfecled countries undersent severe forest dilapidation in the
18004, hvary Coast's fonestlands the most alfected of the West Alrican s1ates, redwsed from 15
million hectares in 1900 19 & mene 446 million hectares in 1980 These foracts had remained
virlually untouched unlil arournd 1BB0. and deforestation did mot advance significantly umid
IESL The total vorian forest cover had only reduced by 3 million hectares Bafwsan 1900 snd
1856 but plummeted by B millon hectares less than 25 years after that (Fairhead & Leach,
2003,

Localized studies atsessing geological forest maps hove suggested thal Europesn timber
traders sourced the bulk of their products from West and East Aldcan Torests in the 19005,
Anthropogenic acthdlees axplam wirublly &l historsal Porest eeama in S5A dating back
thousands of years, Sinoe the last century, Torestland has re-encroached over 135,000 sg. lm of
trapical African ssvamnah (Aleman &l al. 2018). Expandgicn of this nature may be indicatie of
oolonal policies for ihe canlanmaent of wildfires, corion seguestration Tavoring 3 inee growih
avier G4 savannah grasslands, vegetation regrowth in response 1o paleo-climalic variations, o &
digrupiive patlem of decneased coadonsl ramfall during the Holopena crigie (Abeman el al.
2018k The twenlielh century was fraught with war and conflici—this partly explang the
atypical 1rend in (e Congo Badan, whene deforstiation Slowed down over 1he yeare Whils thes
foregilamds had been anciaached prior 1o the Eurepean annasalioh, colonitation concantrated
sattlers @ open envirenments, thus reducing the effects of cultivation [Wan Gemerdan et al,
2003, Similarly. violent conflicts may hawve hindened the growth of infrastresiure Tor induairial-
scale delorestation and agriculiure (Debrous el sl 2007,
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Current Efforis to Address Deforestiation: A Foows on Reforestation

The curreni global environmental lens helds the consensus that deforestation is
fundamental to clenate change and is & récurrent problem. However, there £ m unanimaus
agreement as 1o the cawses or solutions for deforestation. Proposed sofutions hove included
regulation af commercial logging, tightening forest protection, mcreased refarestation
effarts, and regulating anihropoceniric activites caumsing deforesiation. Landecape
restarnlion movemenis ane gaining pasitive momentum n 554, with several initiatives
workimg  to address current  deforestation issees and promale SeStainable forest
conservation

Project: African Forest Landscope Restoration Initiative (AFR 100

Project Datails

A parhbps The meaal prolifes relonesiatson mitiatse in 554, the AFRITOD targeds the restoration
of 100 mellion hectares of forestland by 2030, The initiative's grantes ard loans fundng schama,
dubibed TerraFund for AFRI00, debursses dondr lunds 10 5 Sobdrl comgriaing the “Top 100
organizations within AFRIO0-sporsoned Coumries across 5548,

Projact Stakeholders/ Targets

Tha initlative’s latest round of funding, the second cohart, has allocated 5178 million to 92
argarizations sgread across thies S5A subregions; the Greater Ritt Vallay in Kerys, the Ghans
Cocoa Balt, and the Lake Hivu and Fusizl Riwver Basn, 8 cross-border catchment area shared by
Burundi, the DRC, and Rwanda,

Finanpciers and Pariners

Jaif Bezos funded the second cohort through the Bezos Earth Fund, Other financiers include
the Audacicus Project (lounder of TED confersnces] and the Bridgespan Growp, (dher
spongors of the initiptve Include the AKD Foundation, Caterpillar Foundation, DOEN
Foundation. Good Energies Foundation, Lyda Hill Philanthropgles, and Mets, TerraFund's
managers are the World Rescurces Instifute, One Tree Planted, Realize Impact. and Barka,
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AFAI00-Funded Sub-Projects

Some of the largest projecis in the AFAPDD cohort from each of the five countries are as
fiol] a2

Prapacl: The Goshen Glabal Wision Praject

Project Delails

Goshen Global Vision {GGV) = a Ghanaisan non-pralil oiganization thal has collaborated with
AFRI0D to eslablish finencial stococioliong acrods rursl Ghanaian communities thal
empower Tarmers 10 conserve and restore landscapas, For over seven years, GGV has been
imeodved in community-driven natural resource manageren] by concarting il affors
tawanrds axpandng thea cover across Ghanas croplands and foreatlands. To date, thia
organization has replanted ower 220,000 trees across seven coasial districts and supported
ovar 2400 banaliciaries.

Propect Goals

The project targets planting 275,000 trees scross 80894 hectares in ‘West Ghana GOV
miohilizes Tarmers working in felds, mestly women and youth, to restone deforestied land and
forests dapleted by agrculiurel ancrsachment. Powened by the AFRT00 smitiatee, GGV will
refonasl ihe Sulei Foresi Reserve and interplant biofverse natlve species acrgss Ghana's
WBEIMOST COGoE TanmE.

Abgist S0% of GGV barficiaries are wormen, with aboul L300 junior and senir high school
students In Ghara having pwareness about environmenial stewandehip, Photo Credin GGY,
hilpayTgeglobalisionorg/abouts
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GGV Program bmpact

GEY hat partnersd with the United States Forest Serdce nlermalional Program (USFS-1F)
and is currantly active in 72 communities across Ghana's Western Region (Werengo, nadl. In
conjuncion with other organizations like the Forestry Comimission of Ghana and the Unsed
States Department of Agriculiure, GGV epearheaded the Greening Sekondi-Taloradi praject
in Ghana 1o spread awareness for greenery preservation amd encourage replaniation for
racreational purposes. Stokeholders for this project have cotlectively planted 200000 treos In
daforeatsd/degraded aross of Sekondi-Takoradi 1o realone belanced Toresl destribution and
promote equitable aocess to green infrastrectuns (Borelll et al, 2023,

Preject Approsch and Dulcomas

GOV niche fopus has been on disngting the dormancy of indigenous tree specles acrass
COCaR commimnities by combaning acientife: knowladge on interplanting with rural knowledges
for sustainable intercropping Other mportant activities have included mangrove forest
rastoration projects. agroforestry across West Ghana's cocoa farms. loams and savings
schemag for farmers, establishing restoration woodlote and belding Community Resources
Management Areas (CREMAS] for biodiveraity conservation across fringe commumitias
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Thia GO AFFHN propect. Preto Credit; AFRION,

h i v n Inicac bermrama i chuorg/Iondscapes

Joint Praject: The Ebanazer Ministry International & Plant With Purpose

Preject Datails

Tha Plani With Purpose progect in tha DRE will empower ovar 10,300 farming families fo
practice sustainable land activities, inclding tres planting, sleong degraded watershads,

Project Goals

Plont With Punposs has collaborated with Ebenezer Mintstry intemational, a local affillate & tha
DRC, to plant 300000 trees across B0 acres in Uvira and Fizl, Seuth Kiva Thesa trees ang
planted and protected by individual fenmeers on their land and in their looal communities and

forests For ower threg-and-a-halt decades, Pland With Purposs has steered nurel community
merwmants for reforesiation and watershed replenshmant progecis.

Progrom Impact

Since its lounch in 2015, tha Plant With Purpase program in the DRC has resulted in tha
aatablishment of ¥ watershads and has empowered over 89,000 participants to plant aver
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4.3 million trees i DRCE forestlands. The collaboratiee project with Ebenezes Minsiry
Inlemational = one among ¥ church pastnerships in the DRC (Flant 'With Purpoee, 20249 An
impact evaluation conductad in 2007, Dvee yeard aller |Bunching the DRC melonssiation propact,
showed that powerty bevels anpund the Fakumba watershed hod reduced. with familsas
becoming more 100d secung (Lazaro, 2024),

Diher Rolated Projects

Flant With Purpose has dirscted aeveral projects in S54 over the last Secade, including a
joint replamtation project with Arber Day Fourdation largeting 260,000 trees across seven
countries, a series of colipboratsed pRojecis with Plani-lor-the-Flanet, including the
Mutsndoei watershed project, and a relorestation profect with Tenlfes targeting the
planting of 10 rees {or each Tenires procict sold

Flant With Punpose Fas intersihed offorts for sustoinpble agroforosiny systoms by interplanting
cropa with Tniss 10 mpeoed SSAS drgraded croplircks. Photo Crackn: Flant With Purpoaa,
hi I pei pl an e Brpaoepoiafe g red ores Ealion

EYILDINC YiNION, AN&ALITING CHAHQE

s = JACQUELYHN JESTINE
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Joint Project: Joint Initiative between APRN/BEPE and 3G

RE: The Association Protection des Ressources Maturelles pour e Bien-Etre de La Population
au Buundi (APRMN/BEFE] & Association Conservation af Communauié de Changement (3C)

dnint Progect

Project Datails

The joint inftiatiee between APRNBEPE and 3C advances erviranmantal protection work in
Bujumbuwra by growing irees to protect the Niohangwa and Kyobagere watersheds from
floods and degradation.

Project Outcomes

APRN/BEPE's objectives over the years have included educational swareness, risk reduction
in the natural environment, nformal youth awoareness regarding envimonmentol Esues,
trasning on natural resource management, local emposwerment far active partcipatian in
biodiversity canservation, project execution for sustainable uman- environment interaction,
and regional and inlernational cooperation for ecosystiem prodection.

07 L N 0

The APRNBEPD-3C coliabora s ropland tion project. Fhodo Crodit: AFR S0
Pt pasFawenainc o teramalchuoe g lsncds capes
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Project: RBwandaise Pour Le Ddveloppement Endogbne { ARDE K UBEAHD]

Project Details
The AFR100, in eonjunetion with Rwanda's ARDEMUBAHO, will replant 358 000 trees over &

L5000 ks B Taresibard.

Project Stakehaolders/Targets
ARDEMUBAHD sensitires local fasmers on agroforesiry activities in Aubawua District,
Rwrincla

Ty ARDE® LBARD and AFF S colla borativeg It replamation ndect, Phate Crodit
AFR, hitpsfwwwealrica. lerrama fchugandscapes

Priject Goals

The goal of thizs AFRIOD-funded project is te mobilize small-scale farmers 10 grow fruit,
native tree species, and bamboo clumping to curb the affect of gullies. Alongside Torest
conservation. ARDEKUBAHD provides Rwanda™s underserved communitios with access 1o
cloan water. school hygiene, and improved schopl completion rates by prowiding wates,
sanilation, and hygiens (WASH| soluticns. The ARDERUBAHD project complements
cunrant afforts by the Rwanda Green Fund, which has dome importent work in reforesting.
ragenarating, and expanding forestiend to promote free speckes diversity and protect the
natural envirenment i Rubavu and Myabibe Disiricls. Forest regeneration and planting
expansive res vareties. especially fruit trees, helps prevent soll eroskon Bnd restors
firenwoad supply among communitios that depend on it

IISF SVAJ - 2024 - 155N p.188 1 Arlicle p.I7




JJSEF SUSTAINABLE VISION ACADEMIC JOURNAL - 2024

Afnoe From Deforest a1 . Kimarm

Projeci: The Hetwork for Matural Gums and Resing in Africa (NGARA)

Project Details

As oné among hundreds of Kenyan initiatives dedicated 10 environmeantal conservalian,
MGARA is on AFRI0G top cobort torgeling Tthe replontation of 700,000 trees across 500
hectares of farestland in S5& NGARA focuses its corservation efforts an African
producers of natural gumiresin (o help them develop sustainable means for planting,
harvesting. and marketing producis.

Froject Outcomes

Thraugh the AFRI00 initiative, HGARA will plant more Acacia Senegal brees and alos plants in
thee Banyan counlses of Elgeys Marskwel West Pokol, and Baningo, Specilically. HGARA's
ourrent propect n Baringo County, called Balstering Pesilisncs snd Livelihoods: Strengthening
M Timibser Forest Producis in Baringo County, is beng implemented in Tenges and Marigat
wards with the aim of restoring lorestland Gy replanting 700000 rees. HGARA collatarates
with AFRI00 a5 part of its long-lerm erdronmental conserdation project geared ioward the
fulfdlment of the program’s 2030 Framework of Priorities

Project Stakeholders Targets
With the support of FAD, the Alrican Unson Commissian (AUC), and the Africa Fofest Forum
{AFFL NGARA has extended it oparations 1o 16 couniries and evbrasen the production of

ayed bien Kilolons of gums and resins.

HOARA's progects bave compeiied troe rursenss Yor alss and Sther b varatsss Jor relorestalion scres
2l its 1argot beritones. Phobo Credit HGARA,
B e S i P o D L b F 20 o TR s i i Pt st el L ol - B e i

Proviows Wark:

Some of NGARA's notable propects nclsde the Acacia Operation Project [ADE), & collabioration
with FAQ that ted to the reforestation of abouwt 13000 hactares in 22 countries, and the Food
for Assets progect funded by the World Food Programme.
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Profect: PANDORAMA Restoration

Project Details

The PANORAMA Restoration communily program focuses on the restoration of tree-rich
croplands and forest areas. The program pays close atlenlion (o regaining eoologssal
balance by ephancing the human-natune relationship in 5547 deforested and degraded
foresilands. In addition to tree planting, the PANDRAMA project porifolio targets the
resbaration of degraded |landscapes. impraving S5A climatic conditions, improving Tood
securily, and expanding SSA'S life-supporling walersheds.

In corcert weth other ritatives bko the AFRIO0 and the Bonmn 'l'.?'al.ll:rnu'e. ihar PRMOR &MA
Rasioralion pro@ct conbriats 1o empower Docal prachticrsrs to implomenl b scale up Torest
rostoradisn offores, Phato Crecht: PAROEEM S Bastcration,

hittpe fpanomama solutaons en por al/panorzens . res bora bon

Financiers amd Partiars

The PAMORAMA Restoration program & jointly fundied by o network of partners including the
Doutsche Gesellschaft 10r Internationade Zusammenarbeit GIZ), the Intermational Unicn for
Conservation of Matum MUCHN), The United Mations Dovelopment Programma (UNDP, GRID-
Arendal, United Hations Enviromnment Programmis (UMEP), Rare, EcoBaalth Allinnce, ICCROM,
‘World Bank Group, OCTO Group, the International Councill on Monuments and Sites 00MOS],
and IFOAM. Collectively, pwer 1,000 partners form the backbone of the PANORAMA initiathee,
contributing a body of knowledge and innavative consersation solutions for sustainable change.

Project Stakeholders/Targets
PAMORAKMA's restoration project targets AFRI) host countries, which, in the current cohaort,

are five Enst and Central African countries.
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Project: The Bonn Challenge

Project Details
Thi Bonn Challenge is a worldwide project that targeted the restoration of 150 million hectares

of deforesiedidegraded forestland by 2020 and a total of 350 million hectares by 20300 45 of
2024, there were 31 restoration pledges in Africo alone, contributing to a current global poal of
just over 210 million hectares in pledged reforestation acreage. O thess, over 110 million
hectares, or just ower half of the total pledged acreage, wene within 354, The Bonn Challenge
megapraject launched in 2001 and achicved fls 150-mallion-hectare milestone only six years
later, in 2007,

Project Approach and Outcomes

The Bonn Challenge adopts a nuanced refaresiation methodology called fonest Landscage
restaration (FLRL The FLR approsch helps restare scologicol balance while promoting the
well-bemg of those dependent on Torast resources Tor their livelihoodl

Avpchido Broei &g a0 oisentinl part of Madagascar's Tores! festamtion ellorks. Upon replarmlation fnism
the nissenes, lheso seedings become parl of & nahorwsde iniiative 1o repopulate Madagascars
Toraailarnds wizh &0 million iroos by 2025

Photo Croedit The Dobs Lamur Cender, bEpeslemer duke sdo'restonng - foresis!
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Financiars and Parindrs

The Bonn Chatlenge was the brainchild of the German gevernment through the Fedesal
Ministry Tor the Environmenl, Natwee Conservation, Muclaar Safely, and Conaumer
Protaction. i cenjumnctson with the Norwagian geverament thiough the Mimistey of Climata
and Envirenment and the Cdobal Envergnment Facility [GEF) investment Tund, Kay sponsoes
ard Tacilitators include FUCH, UNDP, GIZ. ard UNEP.

Project Stokeholders/ Targets

Al present, there it & global totel of B3 pledges Trom over B0 couniries respondsng o tha
projeci’s overall goal o address land degradatson. after refiel 10 3+ billion pecple, and
raatore about 8 third of the world's arable croplands. The project targets coamntries,
organizations within and external o stales, and privale actors who can help mest tha
DEOETBY S ambitious [argeis.
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Project: Regraening Africa

Project Detalls

Regreening Africa is o fee-yoor, multiscountry, research-insdevelopment praject launched in
FNT with the goal of improving lveliboods, building resilience to climate change, and
increasing food security through agroforestry. The project targets 500,000 houscholds in
554 with the aim of increasing their household income by 1096, The project also targets the
sustainable management, through agroforestry, of 1 million hectares of cropland, a 5%
decrease in soil erosion, and a #{% increase in tree cover in each of eight targel countries:
Kenya, Ethsopia, Somalia, Rwanda, Ghana, Mali, Miger, and Senegal.

Project impact

In Ethiopdn, the project targels fouwr regional states — Peoples’ Region (SHNPR], Oromia
Sputhern Mations Mationalities, and Tigray =to improve the lives of 120,000 farming
familics and restore over $00,000 hectares of degraded landscapes. in Kenya, the project
targets 150,000 heclaras and 50,000 farming househalds in the counties of Migori, Homa
Bay, Makury, Elgeyos Marakwel, Boringo. siolo, Laikipsa, Marsabil, and Sambure in
parinership with World Vision Kenya, ICARAF, and the nationalicounty gosermment. In
Bomalia, the project will restore 12800 hectares of arid land and support 19.8BGT
households in Dwaeyme, Awdac, Sanaag. Karkar, and Bari districis in parinership with World
Vigion Somalia, [CRAF, and CARE Somalis In Rwanda, the praject targets 1000000 heciares
and 70,000 houwseholds across Tour Eastern Savanna districts in collaboration with 'Woeld
Vision Rwandns and ICRAF Rwanda. In Mali, the project targets 160,000 hectares and
BDODD farming households in Koutiala, Yorasso, Tomindan, and San, in partnership with
Oxfam Mali, Sahel Eco, World Vigian, Cathelic Relie! Services, ard ICRAF Sahel. In Miger,
Regreening Africa continues i1s land restoration efforts tangeting 90,000 hectanes across
Maradi and Zinder 1o expand the alféady réstored 5 million heclares af ercpland and
foresiland. The official in-country pariner is Warld Visson Miger. In Senegal. Regreening
Advica will restere 180,000 hectares and support

] JAL'QUEI."I"H JESTINE
QJ ] p G waladim, & |n.;.hi T
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B0.000 farming households in the Katinne, Kaclack, and Falick megions in partnarship with
Wirld Vision Senegal and ICRAF Sahel. In Ghana, the project targets 200000 hectores of
foresiland and 40,000 farming househalds in the dainicts of Bawke Wesl. Garu Tempani, and
hion, In-counbry collaborating pariners inclsded World Vicion Ghana, Catholic Relief Seracas.
HEHAF Saksal, ovamiment afences, and (oca) Comemanilies.

afferts i Elpeyo-Marpkwnl Courty, Herwn, Photo Credit Réagreaning Alnaca
ke tpsirER resringafnco org TERreEing - hanses

Financiers and Partners
Thir Evropean Unlon funds Rogreening Africa and has parinered with internationad NGOs 1o
stear in-country implamentation. Thess partners include CIFOR-ICRAF, which helped taunch

the progect, 'World Vision, Catholic Relief Services, CARE Intemational, QXFAM, Sahad Eco, and
thi Global EverGreening Alllance.
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Project: WeForoat

Project Details
Sinca 2009, WeForest has spearheaded adlensive project work sdross East, Wesh and

Southern Africa. The Great Green Wall program of East/West Africa comprises three prajects in
Ethicgin. In comparison, the Miomba Belt Regenceration Pragram of Southern Africa includes sx
active projects n Zambia and Malaws, and 1he Bluoe Carbon Program in 'Wesi Africa consists of
teetr dctive projects in Sencgal These progects condinee to maximize the impact of trees on
pEaple and the ecosystem, diven by the vsSion of lsunders Bill Lao and Marie-Moelle Kéijzer.
Cusrand projec bs mclude the Dess™a Forest restoration praject 1argeting one of Ethiopias oldest
dry Afromontane ecosysiems, the Gewmocha Forest and Waol Washa Forest restoraition propecis,
bath alsd in Ethiopia, and the Ferlo one resiotalion poaject in Semndgal.

Thiz Kaaning Forest roslofabion project in Zombis s ome of WeForest's relforosiaton 1forts @ the
Migmba Ball Regensaation Program o Souitharn Afvics Phofo Crods WeFanes!
hElos e welores orgblos weloresl - in-the-modin consmymlicris - mi -5-oresf -resprig-mo

ATk - Do P g o -1 C sl
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Praject Goala

Each progect in the WeForest portiolio has defined goals, For instance, The Ferlo zone
peoject under the Great Green Wall program asms lo regreen 10,000 heciares through
lecal community work, The project will alse plant 15 nalive tree species 10 boost non-
timber income and fodder availebility dusing the arid season. The first phase of the
projecl, currently underway, will overses the restorstion of 1,000 bectares af forestland,
Similarly, the Gewocha Forest project will restore over 7,800 hectares of forestland,
rghabditate cver 1100 hoctares of degraded communal land, and intraduce agrofarestry
achoss D25 hactares of amallholdar Tarmland,

Praject Impact

S Tar. the Greal Grean Wall program has regroened 21,679 hectares with over 219 million
trees aocounting Tor 183 different species. In comparisen, the Micmboe Belt Regenaration
Frogram has replantad over 33,000 koctares with over 36.3 million treas for the benatit of
more than 12,700 Tamilies. For the Blee Carbon Program. ower 7,700 heclares are under
rastoration, kousing 20.8 millon trees.

Financigrs and Partners

‘WeForest Ethicpia hes parteered with Tigray Plan and Finence, EFCCC, Mekells
Unlversity, THOARD, EEFRL and the Hunger Project. in Senegal. the official partnars are
Agranpmes el Vétérnaires Sans Frontidére (AVSF), Eclosia, ISRA, CIRAD, Oceanium, and
Pale Pastoralleme 2ome séohe (PRISL Similarly, WeForest Zambla has partneded with
BeaSweaat, LFCA, Rainlands Timber. and DFCA, while WeForost Malaw| works with the
Forest Department and Cadar Energy.

JMEF SWAJT - 2024




JJSE SUSTAINABLE IHII’I-.. CADEMIC JOURNAL - 2024

Afnoo From R efore .'-'|' Kimm

Bast-Practice Recommandations

Forestland and cropland management for better tree survival rates:

Thi short-term furvical rale for planted trees is favorable for most reforestation projecls
across S54; for instance, Plant 'With Purpose reporied o G0% survival rade aver thres yoears
aof monitoring [Plant With Purpose, 2022, while PANORAMA Restaration cites a S8%
survival rate for is agroforestry projecis (PANORAMA, nad). Higher survival rates for S54's
restarntion projects are a determinant Tactor for affordable reforestation across local
communities [CIFOR- ICRAF, nd). More projects have focused attenfion on agraforestey,
crogland management, farming-driven sclivilbes such as weed and pastors] conlral, and
improved roadway access 1o reforested areas. These activities collectively improve the
Survivél rale for treds in réforested areas. Le &t al (2013) have astablished a statictically
significanl influence of cropland activities and road conditions Gn red Survival rales. The
chances of a refarestation project having a high tres survival rate fover B0%) improve up o
twenty-fold with cropland and forestland management siralegies swuch as  grazing
managernenl. weed/pest conlrol, and mgroved read acoess.

Progress monitoring to diagnose project health:

Mast project facilitanors conduct dhort- and long-term prograss manitoring for reforesiation
projects. Progriess monilaring allows programs 1o meel their objec tves, identify issues and
challenges impeding progress, detest when relorestation efforts are ineffective or need
imgrovemant, and molice the early signg of project seccess or fsilure CAFRIOD, ndl Az
wilnessed across masi restoration projects in Z5A, it = nat enough 1o only moniter land
overage and the number of rees planted in reforested areas. Instead, facilitators shauld
congider ather critical progress indicatoss: such as carbon Segqueairalion ouloomes,
ecologics] succassion patllerns. species diversily, and the economic benefits realized at the
oommunity lewal

Diverse tree varieties to interweave ecological benefits:

The pateniial benalits of emphasizing genalic specias varialions sfe numarous, ncluding
effeciive product provision and ecosysiem balance, higher rescurce prodiction, greater
wood yields, and improved soil protection. Thesa benelits may explain the rising preference
for agrolodesiny systams and inerplanting aciivities 8% b central agenda Tor mary of S5A's
raforestaton projects,
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Traw-based Innevations to ropair ecosystems and armalicrate climate change effects:
Current markel wrends continge 1o offer & wide varaly of tree-based technologies ranging
from tropical fruits te agrefarestry systems. For instance, Faldherbis albida is an mdiganaus
wvarigty of nitrogen-fixing treas axhibiting & unique beaf ahscission pattern whareby leaves
are shed in advance of crop growth Therefons, this tree specias will not comgete with crops
for Light and will naiartsh the soil with beaf litter, Laat litter from one hectare of F. albida trees
will nject ower 100 kg of nitrogen inta the soll (Program on Forests [PROFAOR), 3001, Similarly,
cocop agroforesiny promotes sustpinable reforestation by extending the replantation
lifeoyele of cocoa traes trom a maximum of 20 vears o as much as 60 years,

Sustainoble woodivel plontatkon:

As tighter regulations pddress deforestation in the woodlands, the gop widens batwean
woodtus supply and demand, Resultantly. private actors have resorted to interplanting trees
with athar commersiad plantations using woodlats and croplands, To this end. a balance
prevalls as nafural forests remain uncleared for planiaticn and wocdlots contingg (o thrive
uniier respansible monagemant. Contrary to the myth that woodfuel cannot be produced
sustainably, 554 projects have introduced strategies such o5 assisted naturol reganaration,
agroferestry systems. and invasive tree species to mitigate environmental degradation, For
instance, CIFOR and World Agroforestry have tested the use of Invasive P. uliflora species fo
proguce chascoal sustalnably in Henya and reduced mangrove wood consumption In
Comaroon (Malling, 2030,

Pollcy recrientation townrds deceniralizing restoration efforts:

Dwrenlving cropland and foresttand restoration etforts o local communities and arganizations
has bpcomn @ key requirement for shaping the outcomes of natural rescurce managemaent in
554, While decentralizing reforestation = not o fallsafe guarantes for success inrestoration,
lncalized confrol improves the chances of better resowrce management. Tha challenge,
tharefore, becomes one of empowering and legitimizing local management organization
afforts with the gopl of ensuring that lecal projects can implemant effective management
mechanisms, Logitimaation alsa shiclds local erganizations from falling victim fo elite

capiure,
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Cross-sactor rural development efforls 1o encoUrARE SYnerEy:

Increasing imvesiment in irees/landecape restoratson meanngiuolly would reguine partnes-{ed
initiatives 1o go bayend Largeting the forest seclor solely. Instead, engagement with a wider
range of alakeholdars in other sactors. such 8s lands. water. energy., lvestock, agrcoliure, and
amdronmental finence, would bolster referestation outcomes. Furthes, restoration efforis
should largel socisbconomic drvers such Bs civil societies, Tood companies, bugimess
agsocwationg, and private investors. Public sutharities, producer apsociations. and private sacior
iplayers such as exporters and processors play B significant role in offering project monitoning
capabilities, Expactodly, theds robes will contins te snlve &8 Toredtlands and the sarmimn s
surrgLmiling them become mone market-prienied,
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CONSTRUCTED WETLANDS & BIOLOGICAL FILTER PROTOTYPE

Techrical Brief

e @
Censtrusted Watlands & Filtration Profetype Tor Drinking Water JACQUELYM JESTINE
e] l{, SANDERS FOUNDATION

B SE WIRIDS, BIELINIME Sk S1E

02082024
Tha Harw Warld Qanden, Hessdsch Oldendort, Germany

Abgtract

Thiss inchnical beiafing auilngs the dewmlopmont and objsciiees of o conptructod watlards protolyps besng buili
A0 Thi N Woeld Garden in Hossisch Oldendart, Lewer Sacony, Goermany, Thie initistive, part of the Iacouelyn
Sondors Foundation 2084 Fallowship project, aims o demorsirate 8 cost-affective, susisénabda water
pusilication gystem based on eollectad rairetor Boing siored = manmpde lagecna, Let us call these “drinking
water permacilture laganns.” Soma like te call tham froe flewing contractid weilands pords, The Tltration
prodobype will supely approcmaiely BSQ liters per day of drinking water and botween 200 10 400 liters of solar-
hoated shower watar, This briafing incluces syatem dosign, aperational principles, and sxpocied sutcomes, with
0 Tocus om the profatype’s role in enhancing water solutions for Madogascas, and oiber of | grid comenunitios
sarirkiingg wator ord photovoliase infrastruciene solutions.

It radaic Yo

Conatructed wollands offer o pramising . solution for
sustainables waler purification, combirng ecological
berafits wilh practical spplications. This protatype,
situntod on the wild grasstand of Tha Mew ‘Workd
Gardon, monaged by Hennath Coman, lowersges
natiFsl processas 1o addrass 1he growing moeod for
accessibio and Low-cost water purification sysbams,

This praject aligng  with the lscgualyn  Sanders
Foundation's 2024 Fellowship abjecties, collabornting
with 15 studants from throe Malagosy universitis to
dovalop  water  solutions  for  their  respaciive
institutions, The Hessisch Oldondor! pratatyps will [
serva 05 8 modol Tor 8 larger nitiotive asmod a1
conatructing & similar system at the Waiversity in

illign ﬂrl-'ﬂ’:i lahout 250,000 USOL

The Sustainable Vision Academic Joumal 2024 & WHY this Prototype is relevant

This techndcal brief forms part of a brosder report. soon to be published In the Susiainable Vision
Acadermic Journal 2024, chronicling the comgrehensive planning and implementation offaris by the
lpcquistyn Sanders Foundatéion and students from thres Malagasy wniversitles this year, Tha jeurnal
documents the collective endeavor fo address the critical water |ssues facing the Unbversity of
Antananarivo, which are Symptomatic of larger problems such &% insulficient infrastructure and
widezpread deforestation in many paris of the couniry. Water ia B barrier al this time to reforesiation -
afforts of thase secking to build tres nurseries are hampered by lsck of water, And the solution for the
University, based on our research this year - i rain capiure. Yes - the rain period is short - therefare
sterage infrastrociure is meehad And tha syggested most economecbl and akes, by Thea way.
arvirenmantally friendly methed - |5 the ballding of lageons, Suech lagoons were also suggestod for
woslewaler reabment by ARAFA in 202 We concur and also suggest them as part of the drinking water
solution. Constructed Watlends (CWL) appear to be the best way to address the pressing water noeds of
tha Uiniversity, It is asseorted that the design holds refiovance for others in off grid situations as an
impariant Cads Stody in rairwaber lagoan Slorage and big- and phiyto- TMEiraticn.
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The journal aims 1o serve 3% a fourdaticnal resource Tor furthér research and pridolyping efforts, Rlustrating 1he
wiability of self-sufficiency for off-grd residents. By harnessing rainwater and utilizing Solar enorgy 10 drive waber
through simpla filtration media, the constructed wetlands pratofyps demonstrates that even low-tech solulicns
can sipnificantly impact walaer availabililty and gqualily. This appreach holds promise Tor residents in Madagasear,
Turisia, Thailand, 1ha Philippinos. the United States, and beyond. It encourages consideration of how individuals

might secure drinking water should municipal sysiems fail, offering a potentiolty vital scfution for diverse global
conkexls.

Systom Overviers

The construcied watlands protolyps featunss a photovol taic-powered baological Tilbration sysiem, designed Eo ba
affordable and ervronmesntally friendy. Key companents include

Raivwater Collection: The system ulillines rainwaler karvested from ponds located on the Barme This waler serses
% ke mitial feadstock for the Tl iration process.

Filtratin Unit: Modelad alter Jodhuia Febrn's désign, 1he system emplovs a Toud-Stape Mltration unil constructed
froom four Imlermediate Bulk Comlamners (|BCYL Each stage is engineered fo progressively purify 1ho water.

Photoveltaic Power An ofl-grid islard photoeollaic dysiermn powes the bislogical fltration unil. Ths selup
supports ener gy indipondencs and minimizes reliance an exbomal power Sources.

Dptional Enbhancements: The pralatypss may include sdditional Miraticn options such as a membrana Filter and’or
@ UN filter 1o further ermuns water pusily.

Diagrame of the Syster: Diagrams af irdivides] components and their infegration and pravcdad, illusirating 1he
flow of woles through the Gillsation slages and the interaction wilth the phatovol1ass syslem and constructed
wllands Tor alorage ard phytorembdislion

iy ittt frrerpl-
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Oparational Principlos

Congtnstiad Watlands: Thein ayelams uss natuial processoes 1o 2 &
reat nstewaber chrowugh soil, plants, and microbisl actiity. Tho -
prolotype s wallamds s designed 1o oplimits (haso prosastes Toe I T
drinking water production, ntegrating several Tiliraton glages o

enhance waler guality. -

Pheatgvaliaic lilpnd Syatam Acconding b Wikipoedis, an mland
phobosolinic sysiem is o self -coninined eresgy solup (hat opeaies
indegandontly Trom tha main o @i Tha sdvindoges b ludbs:

Enargy Independance: Reduces relisnce on external power
BOUNTRE, SFEUNE Conlinusus opemtion of chi Ti1 e o syt

Susinirability: Lowers carbon Sootprnt by using renewable enengy.

Ralinbility: Procvidas & 510k povwid Sapdily in rindDe of od8-grd
lecalions

Exira Conuidnratico:

» Mainfanance: Reguls mainbenance of Bath th photowoltae
ayitam and e tioan el o reguesd 65 eesune aptimal
perlormanca

o 'Weathir Wariability: The af e theersis of th phalivecdiaes
il i Pl iencid By sl veanider sond ted, vwhich iy
Impic] waer prodaction rates.

= Dmagram of Phobovoltass System The spsoem is presenitly bong
chickigreid - gliggraerd will B aeddad 2l tly il Ermling th 3070
ol the pholovoltax ponels, battery slorage, snd {kair
COPnaEHnn 1o v HIEETion sysieem
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Herg your 888 - wiy we ane profatyping in Germany. We s2ek 1o demonsirate the feasibility for
thia larger scale project af the Unvversity of Anfananarive, Bul the relevance ie Droader Than
this one off-grid situation. This is a greal case study in solvwing a larger scale waler
infragtruciure problem. by responding with wetlands as the solulion. A rétun [0 8 groen
Madagascar requires befier water managament, Troes follow, and ferests can falfow thit

Cost and Impact Assesament

Tha filter proiotype is expected 10 cost undar 51,000, a figura that includes materials and constructicn
for the filbration system and photovoltass pemping componanls. Soeme axtra electircity will be available
far lighténg of the system at night (ar even for perhaps in the livign space.) The cost of the contructed
witlands basng built on & small scaie is supacied o ba anathar SLO00 - bringsng the total cosi for the
profotype 1o appraximately £2.000 far a system that produces roughly 850 liters per doy. That is 310,000
liters of cloan water por year for an iovesiment of 52000, Once tosted, this profotype will provide critical
data Tor soladificaticn of the scalmg of the acdulsan to (ha Malagasy Capiol’s premary Linivarginy, wwheda
the roughly estimated cast of implementation & approximately 1 billion Ariary, or 5250000 for the
wallande constnuctsan and tha muach larger scaled filter systam, providling rodint for 35,000 students, I
international Tunding can be found, it would be o stretch goal 10 build also & central shawer and
envirgnmantally frsamdly laundry facility as part of the project. That would cost additionally - but wa ana
alill lsakbng a1 8 very coal effective solution Tor such & lange aff grid Tacility.

Testing and Evaluation:

« ‘Wator Quality: Comprehensie testing will b conducted cn water entering and oxating the system to
angure comgliance with drinkifgg wates alandands,

= System Performance: Monitoring will focus on the system’s abslity 1o consistently produce the desired
warlamies of drinking and showes wator




JSF 2024 FELLOWSHIP

CONSTRUCTED WETLANDS & BIOLOGICAL FILTER PROTOTYPE

Liig-bistim vy Bt iy 13 W 55 Ah &g+
viarber hationy rici-0em Mower LI mowser
Pl gk right indbead of J6 Ah 50 &% 51 Ak

TII L
e e il
=
1 i
e
s
&3 FLLAFL. LES FRAS P LLYR SPTFTH ] i
| i
—— AT
- WY
mamtm el i
e AT e
G . [
by N | et e

E s

S BN S A3 ETSELELE PR AN,

fits.ali sol
B i
going offort to

W Ll

2 Gt il 2 furars e Liide B i
"Tl 'T =1 " “ i =Et : - 2 & ||,:|;Fm.rr_"rrrimll_ i:f::u_ ﬂdl_‘l‘;::?:lﬂl."l_ o
= = e i P hotder, bile mal, coomplebe set Tor 30-40 e i e 1
- g - mm {35%-40 mmy
€ $ € 3 e .
o s R i ot T 4
i T i n — e

3 lm mrw e e

-
| & Weekly Dégitad Timeer, 12 VDT 16 & Timeer Times — -
Switcth Fowr irmikallagion im Control Paneld with LCG ———
Desplay, 15 evwm D Rladl “18"

o




JSF 2024 FELLOWSHIP

CONSTRUCTED WETLANDS & BIOLOGICAL FILTER PROTOTYPE

a  EPPSoler® L4000 Bfacial Solar Panel

AT B el B P

T R iy B b= T —

ST T m—
2ame. W T

B iy s

PR T ——

A e —

T T

[T T o— O ey

e ———

Thiewved 30A, 12 % 5 2d W hplar Change Cosmtrosles. Sodar P
Bupiresy bteligen Cantradler with & Dual USE Pesr sl LOD
Qnplay

= e ——

s b e

AORE™ DL 1.2 W ‘Water Pump BODL / H 5 my,
Brushies Submersible Water Pume fos
Fesrtann Pl Solad Chiculaf i Sytiem Wi Lav
Cirgulatioan Sytam

(3]

From sm me ommy mmse mw i s Dok g de
i, T i i il Ok, P

M5 i

o ey e

e e L Py e
P ——

LR

RN I iy L0 1
e
]
iy gt s 1
ire

e = b

- —

B —— (]

=T

Y i, T
e (s, 1




JSF 2024 FELLOWSHIP

CONSTRUCTED WETLANDS & BIOLOGICAL FILTER PROTOTYPE

Conclugion

This constrectied wellands and Biologicsd Tillration prololype represents o signelicant step Lowards
demondgiration of sutiainable snd cosl-affective waler purilication. By demansirating the feasislity of
guich & aystem, the project aims to pave tha way for aimdas initiatives in Madagascas. addressing critical
waler neads in an environmenially responsible manner. The same Kind of Systéem can be buill anwhene in
the world, with soimd gite specific modilicalsons of the sosempliong. AL The Time, we are dScutging water
planning cooperation with & community in the Phillipines. ag & furiher example. Ary home or small oft-grid
communily will need clean water. How will they achéeyve it7? This prolotype seeks o demonsirala a viable
option. and mvites cammaniany on w10 impeayd upone The SyDam i any way.

Future Updates: This lechnical brsf will be updated periadically over the nexl 12 months a8 lesting
progreases and new lindings and data emarge.
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“Larger Seale Biologies! Filmation ”. Randralsthoanma

WATER FILTRATION PROTOTYPING
LARGER SCALE FOR UNIVERSITY USE
iy Manjaka Fitia Frédéricka RANDRIATSIHOARANA

Editorial Motes:

Ma. Manjaka Fitia Frédaricks Randriatsihosrans, & dedicaled and passipnate master's degres
stwdent in Hydraulic and Infrastriciure Engineering from the "Ecole Supdrisure Polytechnigue
drAntananarive,” has undertaken a crucial resaarch project under the suspices af the Jlacguelvn
Sanders Foundation. Her work focuses on planning biological water filtration at the univeraily
level, specifically targeting the pressing need for sustanable water management selutions in
Madagasear.

Ad B young engineer with a streng technical foundation and & commitment to addressing water
regource challenges, Me. Randriatsiboarana has brought bath enthusiasm and expertise 1o this
project. Her backgrownd in hydroulic engineering and her desire 10 implemant innovative,
conlexi-appropriate solulions make b an ideal candidate for this Tellowship. In e own wards,
=he g “fully committed to applying [hed] engineering knowlodge 1o push lomsard progress in
sustainpble waler resource development in Madagascar pnd other couniris.”

Invitigdly. there was considaration for Ma. Randriaisdoearana (o uge Canva for her project planning,
potentially incorporating graphics as part of the deslgn process. However, she wltimately chosa
te deliver her work in PDF format. This decisson highlights the importance of flaxibility in the
toals and methods emploved by owr fellows. Moving forward, the Jecquelyn Sanders Foundation
racognizes that traiming n unified design soltware for cur Tepm may tead o more consistent and
wigually impactiul results aerods our prajects,

Mz, Randriatzthoarana’s report represents 8 significant contrBution to the ongoing efforts o
aptimize water fillrathon systems in off-grid settings and university environments in Madagascar.
Her waork s nof only technically sound but alsoc reflects @ deep understanding of the local
context and B commitment to making a tangible differenca In her community, &8 we contlmie fa
support projects Hke kars, we amphasize the impartance of sarly-stage plamning and design that
align with our Foundation's values and missson.

& @
JACQUELYN JESTINE
’Q]E SANDERS F?:UHDAFGH
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WATER FILTRATION PROTOTY PING
LARGER SCALE FOR UNIVERSITY USE

1R .'.:...||:'.'|'I n Jesiine Sanders Foundaiion

A STUDY FRIMECTS

By Manjaka Fitia Frédéricka RANDRIATSIHOARANA
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INTRODUCTION

The scarcity of ¢lean drinking water iz a pressing issue worldwide, affecing hoth
deveboping and developed regions. Universities, a5 micengosms of larnger consmumities, face
similar challenges in providing safe, potshle water (o their inhabitants. This dissenation
explores the prosotyping of & large-scale water filtration sysienw, specifically designed For use
om A university campas, By atilizing fous 100HH-liter water tanks, this system aims 1o collect
and filter minwuter, ensuring A sustainable end relishle sowce of clean waler for university
studenss ard salf,

s probbem of water scarcity asd comanunacion highliphs the critseal need for effective
water management and filimiion solmions in educational insiFwions. Universitbes, ofien
housieg thoussnds of individils, require substastial amoants of wiler fof vanious peods,
ingluding drinking. cocking, and samitation, The propesed waler fileration system ol omly
addresses the Immsediate meed for clean water b alao promotes enviFonmsesial sustaiiabiliny
by beversging rinwnter harvesting,

The primary obgoctives of this rescarch are 1o desipn a compeehenalve waler lliration
system, analyee it effectiveness in providing polable water. and ensare fis maintainability over

the bang ferme




1. Literature Review

The desagn and impbementation of waber Gltration systems are rooted in various theoncs
aml models, which provide the nevessary framsework for developing elfective and efficiend
sodutioss, This seetion reviews il relevanl lieratane, fecusing on the key ibeories, models, and
previous rescarch fendangs tha [nform the design of o large-scale waser filtration svaiem for
URVErsiTY use.

1.1, Theories ard Models

CUne of the foandational theories in water filtmtion is the Evdrodogical ovcle, which
describes the cominumes movement of waier on ahove, and helow the surfsce of the Earh,
Understanding this cyele is crucial for designing systems that effectively capture and filler
rainaater. Additionally, the theory of ad=sorption and filtmiion is essential, as it explaims the
meechanizms by which comaminangs are removed from water. Aulsorption involves (he adhesion
of particles onto o surface, while filiralion physically separates imparities based on size.

1.2 Previeus Research and Findings

Munieroas studses have explaned the effeciveness of varmouws waler filtration sechnologics.
For imstamoe, nescarch on slow sand filiration has denemnstrated i< abiliny bo remove pathogens
aml suspenided soluds from water. Similasdy, activaled carbon filers ane widely recopnazad for
their capcaly 1o adsorh organie compounds and chlorine. improving waler taste and odor.

1.3,  dhaps inibe Existing Lderaiurme

While there iz a wenlth of research on individial filirmtion metbods, there iz lmited
literature on the integration of multiple filirmion technologies into a single system designed for
large=scabe applications, such as a miversity campus. Furtharmore, sxisting studies often fncus
cn small-scale or household filtrstion systems, leaving a gap in the understanding of how these
technodopies can be scaled wp efectively, Additionally, the longs=term madntersnce and
sustainability of Bage-scale filtration systems remain wnderexplored, highlighting the need for

comprehensive mamierance plans that ensure confinsous aperaison and water guality,

This lieerature review provides the theoretical and empirical fouandation for the design and
implementation of o large-scale waler flirstion sysiem for wniversity use. The subsequent
sections will build on these insighis, demiling the methodology., weckmical design, waier Mow
prigections, and mainlenance plan necessary 0 develop a pobast and efficient system,




2 Meihodelogy

The metbiabalogy section oullines the reseanch methods uwsed w0 design, develop, amd
evaluate the large-scale waler filiration system for unversity wse. [ provides a ratbonale fos the
ehsasen approschies amd details the dala soiares and eolleetion technbgues emplaved in the study,

21 Desenplion of Research Methods

This research employs 5 combinaiion of design-hased research (DR ) and experimental
metheds, DBR &5 unilized b ileratively design, test, and refine the water filimiion svstem,
ensaring it mests the specific eeds of the aniversity setting, The expenimenial methads invalve
labirasory testing and feld triaks 1o assese the svstem's perfommance in real-world conditions,

21 lusification of Methodology Chosce

The chiiee of DR i jastficd by s emphasis on develaping practical solutions through
corlinious relimement hased an feedback and testimg. This approacls is particuladly sultable fof
prototyping the waler [lirstion system, as i allows for adjostments and inprovements in
respanse 1o ohserved challenpes and performance data. Expenmental nsethods complement
TR by providing empirical evidence of the system's elfectivencss, ensuring that the design is
grounded in robast scientific principled.

1 Technical Design af the Water Filiration Sysiem

This section details the techmiesl design of the water filoarion svetem, including the
design techniques, o comprehensive Hst of megquired pans and components, and a delallad
echmical conception of the sy=iem,

30 Desagn Technaques
The design of the waier filirmtion system imoorpomies multiple stages o ensure the

eflective removal of comtaminams and the provision of clean, polable waler The key design
technsques include:

Pre-filtrarion: This iniclal mage involves removing Lanpe debris amd sediments feom the
minwnter wsing mesh screens amd sedimentation tanks,

Filtratbom: The system uses a combination of sand fibers, and actvated casbon filters
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Figare 1: Design Techmigues

Parts arsd Componenss List

The consiructien of the water iiliraion sysiem requires the following key components
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33,  Detiled Technical Design

The echaical desdgn involves the negration of the components |me a cohesive system
that ensares effbcient water filiration, The following sieps owmling the detailed design process

Bairwater Collection: Raimwater 15 collected from the rooliops and Tanneled inte the Arst
T H0-River tank. Miesh screens ane placed a1 the inlels 16 remove large debris

Sedimemtaion: Water rom the st lank flows mlo sedimentalzon anks where heavy
parfiches wetile af the hotiome

Sand Filtration: Waier passes throagh sand filters to remove fboce and suspended paricles.

Activared Carbos Filirsbon: The waser then flows through serivased carbon fikiees,
memiving orgamic compoinds and chborime

4. Bvstem Magram

The folbowing diagmm ilbastrases the Mew of water ihrough the filrmion system.

Fapure I: Syzlem disgram
This technical design ensures that the mimwaler collected is theroughly treated and safe
for comsamgieon, meeting the neads of the university campas. When fank becanse full they
retam 1o the previens ok,

MSF SWAT - 2024 - (55N p218 / Article p.8



5. Water Flow Projection

This section presents the projected polable water Now rate for the water (iltration system,
ineluding the metbods and assusmpaions used in the caleslations and data anakysss,

5.1. Pmjected Polable Water Flow Rate
T evure the system meeets the water demand of the miversity campas, it is crucial g
accurately project ibe flow rate of pomble water. The calculaticn considers the average rainfall,
coichment aren, filtration efficiency. and daily waser cossumption needs of the campas
repulation,
22 Calculation Methesds arsl Assumptions

a Assumphons:
Average Raanfall; The umiversty receives an aversge annual rainfal] of 1000 mm,

Caichment Area: The roofiops used for mirwmer colbecticn have a combined ares of 2004
F|RETE MICTETs,

Collection Efficiency: The efficiency of ranwaser collection i3 assumad to be 2%,
ageoaniing For losses dus 1o evaporation and spillage

Filtration Eificiency: The filirniion sysiem i assusmed w have an overall efficiency of
.

Mhaily Water Consumption: The campas popalation {siadents and stalf) s estimated a4
5000 people, with an average daily water consumption of 54 liters per person,

b} Cofculations:
Anmyal Ramwater Harvesting Potential
Amnual Radmwater (liters]

= Average Hainfall {mm) = Catchment Area (m®)
s Collection Ef ficiency = 1004 % 2000 = 0.8 = 1600.000 liters/year

Dhaily Rsrmwastes Marveiing Potenits

Annul Relnwaler

Paity Raimwater (liters) = T
1.&00.000 .
-~ 4304 licers/day

LISF SWAJ - 2024 - [SEN p.218 / Article p.9



Fifvadend Water Dunpul

liters

Filtered Water |: IJ = [haily Rainwater x Filtration Ef ficlercy = 4384 x 0.9

= I046 lrers/day
Total Dally Water Demiand
Tatal Daily emand {mrrs_:l = Camgpaus Popadation % Delly Consumption
= 5000 = 50 = 250,06 diters/day

Given these calewlations, the progected water flow from the Glimion system @
significantly lower than e 104l daly demanid of 1he campas. This highlights the nead for

supplementary water sounces or additioral waler conservalion measanes,
53,  Dain Amalysis

The caleulwed Mtersd water catpat of sppeosimately 31044 liters per day provides a
subsiamtial bl imsudficient conmribwion e the mniversinds water meeds, This sheaisll
underscones the imporiance of imeprating the flirstion system with exksting water supply
infrastruchere and implemsnting water-maving practices across the campus

54, Recommendations

Tor maximaee the effectiveness of the waler filimtion syshem:

= Expand Catchmeni Area; Increase the rooftop colbection nrea 1o capture msore
FHinvivaser,

= Imgprove Collection Efficiency: Enhance the collectson system 1o reduce losses.

= Supplememiary Soarces; Integrate the system with mumicipal water supplies or

mddstional minwater harvesting systems.
Water Conservation; lmplensen waler-saving mexsires 1o reduce overal| consampiion
i, Maintenance Flan

Ensurimg the longesity and relishifity of the water filtmtion system requires a
comprehensive maimenance plan, This section owilines regulsr maindenance procedures, a
preventive mainbenance schedule, and gusdelines for iroghleshooting and repairs.

LSF SEVAJ - 2024




Splutions: Clean or replace clogged fibers, imspect and repair or replace the pump. and
check piping for hlockapes
) Poor Warer Quekty:

Possthle Canses: Ineffective filiration, exhausted Glier media. of ralfumetioning
disimlection umil
Solutsons: Ingpect and clean Alters, reploce filter media, and check the 'Y disinfectson
unil fiog proper eperaion.
@l System Lemks.
Possible Causes: Damaged piplag, boose conmections, of frulty valves,
Solutions: Bepair or neplace damaged piping. tghten connections, and replace fouliy
valves.
h) Pump Fadure:
Posaible Canses: Eleatrical isswes. mechanical faillure, or wear snd tear.
Solutions: Checke elecincal cormections and povwver supply. inspect for mechamical fuslis,
ard replace worh componenis.

Bty adhering to this maimtenance plan, 1k water filtration system will opermie efficienily
amd relishly, ensuming & continous supply of clean water for the umiversity campus.

I o i
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CONCLUSION

The proposed water filirmiion svsiem appears o be & comprehensive solmiion o dhe
potable water meeds of the university campus. The systematic design, supporied by caleulations
anid projections, suggesis a robust framework capable of pddressing water scareity and
conweminatson challenges effectively,

While the thearetical framework sugpests a promising salumion, it's impariant s soeie thal
praciical implementaizon may intreduce wnloreseen challemges. Varatbons in enviFosmenal
condivoms, megulabory regquitensenis, and operationnl facvors ¢oubd mpact the svssem's
perlorisane:

Mevertheless, the comprehensive mantenance plan and adberence 1o indusiry samdards
provide a strong Toundatson for practical implemematon 10 recommended 1o conduct paliog
lests or simulations 1o validaie the system's performance belore Tall-2cale deployment. allowing
for adyustmeents and optimizalions as needed.

In conclusion, while the theoretical model appears sound, practical implementaticn may
require pdapistion amd Fipestuning. With careful planming. monitoring, snd adjusbmend, the
waler filimtion system has the potential fo provide o sustaimable and reliahle source of potshle
waler for the mniversity campus, contmbuting o the well<being and restlience of the commanity

1t serves.

-
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I Afnicn, watlands are nofl maraly comporsats of the
landacapa; [y ara vital [dalings for both tha anvonmant
&l Taman commintilie. T eodlingnt’s degiig sk
ecomysiome range from the Mile Delts in the nosth bo the
Oksvanga Delta in the scuth, ssch providing unigos serices
et ore crucial for reforestation projects. I the combext of
Africa. wutlonds conbnbuie sgnificantly to reloresiation
eforts by offenng @ balfer agoingt climate exiremos Thay
miltigaie ihe impacts of droughts by storng water duning the
rainy season and releasing i stowly during dry penods, ahich
5 Ensenid for the surdvsl of nesly planbed iress

The erponiance of wetlands in Afsican referesistion is slso
ewidian® in (P robe a biodiversily eesrvaire. Thoy Supoee o
widy armay of Feans and llors, aome anddmis 0o s
habitats, which ang asiandial for marisining 1hs scologicsl
Balance, This bisderety 8 ned enly impertant Tor the
enmvirarenehl Bol alea for e lecal somomaniling who dely on
wafland resouices for thar | u, tha
papynes swamps of Ugands e known for supporbog
ndusiries swch as mat ond paper production, which se based
on susiainable haressts from the wellards.

For i

Woreovor, wedlands in Alrice play o critical rofe in soll
corsarvation and fertility. They trap sedements and nutreens
1wl cahareisn B losl, thaneky onraching tha Soil snd
Fribbiing it oia daiilable o thi growih of foneal apeian This
o padticalpily banalzial @ aness whoro el dagradation Fad
Biien i challenga, making reforrtation aMorts s winbln
[ R T T

In terms of corbon sequestratien. African wollends are
powerful sllies in ihe fight agarat climaie chenge. Peatlards,
loe example, store large amounts of carbon, and ikeic
presersation s essential ior mainkainieg he carbon balarce
Retoresintion projects in Africa ofen sim to restore these
poatlasds fo ihair natural staco, which nof only helps in
carbon storge bl alss in mainteineg e Pdeological
Ealarec of 1Pl FEE oL

The seti-seonomic banafits of wetlands in edormstation
preeccs an Alreca camed Bl oversiadied, They provida mon-
|irkse Porest prodipcis, which & 8 sounte of sheoms baf many
rarnl housebolds. Watlends ales offer cpportunilies for
ecodounism, which can bring sdditional reverws 1o |ocal
communitios  whils promoBng conservabion  SwseEnagn
Furthermore. the culbural significence of wotlonds in many
Africon sociotes adds an intengible walue o these
eooaysiems, which reforestobon projecis mast ocknowledgo
and respect.

Howaover, the eviegration of wellands o reforesiation
prajecis in Afnca inces soverl challenges. Ono of the main
isauns it Lock of pwararads sed understanding of the
fune:Elons and valued of watlands among polieymakors sndd
thir gonnisl public. TRars H 6lee & s Tor mond fesaanh 1o
infaire austarable wotlnnd ruomnpeminl piactites 1that can
by haremosired wilh rabirediilagn ohieslivis, Addilaonally,
the pressures of agricotiural expacsion, urbaniation, snd
infrastnuciure developmen? pose sgnificent 1breats fo
welland  inbegrity, necessitslicg  robusl  comsereation
siratoginn

In conclusar, weilsds are indispenssble to relorestation
projscis i Afncs, offering enviresmmantsl, sconomes, afd
sbeial bemsilils ksl are essantis] Tor e subcess of (Fese
inititives. Thewr proservadiion ond weso use ore key o

nchiswing  susitainable  roforestaticn  and  landscapo
resioration on Bhe contesl. I B Wmpoeratie  that
rofeegeiation propecies in ARG InDpdrato  willand

congarvalion g thisr sirabegies, erduring (ks these wits]
pogiyElemd comlinue 16 thirse and suppont 1B ovirarching
goals  af emvirgnmentsl restorption  and  susiainabla
dapeiapment
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DESIGN OF CONSTRUCTED WETLANDS FOR

WASTEWATER & DRINHING WATER MANAGEMENT
A STUDY PROJECTS for the University of Antananarive Site

Aunthor: FIN. . Katatro Toiembanavalons

Editorin] Motes: & Vision for Sustainabls Water Managemant at the
Uniwersity of Antonanarivo

The Liniwargily of Anlananareg stands at (e foratront of sustainable
water management and rice research, thanks partially 1o the
mnaowative research and design elforls of Mr Finarch Rafatra
Tsiambanavalona, As 8 key member of tha 2024 lacquelyn Sanders
Foundation Fellowship team of engineers, Mr. Finarch brings
gxperiencs and passion for environmental sustainability, specifically in
walgr managamant, o t v project

Mr. Finorch’s academic background in Potroloewm Engimesring  from the Ecole Supéreure
Palytechnique drAntenanarive has eguipped him with 8 profound undersianding of water (raatment
ard managemeni processes, Hie commiimant 1o sustainability is axemplitesc i hes thesis, which
Tocused an enhancing the efficiency af a wastewater ireatment plant for an agra-1osod company. This
project ragquired him 10 eondoect thoroegh dagnostics and formulate siralagic recommandaticns,
showcasing his abdity to apply theorotical knowledge to practical. real-world challenges.

In the context of the Univergity of Antananarivo. Mr. Finarch hae meticuloualy investigoted the
campiss landscaps 1o design @ technezal plan that transforms seyersd Bores inhd 8 constrsctod
willand system. This system s envisioned nof ooly 1o sersa a5 an offective water storage area bot
also 1o pogition the wnivaraily se a presmiar facility for rice resgarch m Africa. By harnessing the
natural processes of wetlands, Mr. Finarch aims to anhanca the waler management capabilitios of
the wniversity, thereby contribuelng 19 0 sustainable and ecologically sound snvironmanl

His role in the design of the ponds is o critical step towards realizing the university’s vislon of
becoming the largest rice permaculiure agroforestry facility in Africa The innovatiee. approach bo
water susiaimabilily epearisaaded by Mr. Finarch promises e offer a bluspsint Tor samdlar water
managemant pcross tha continent end baeyond

A5 we ambork on this joleney towards g more susiainable Tuture, we pre gratetul for the exportice
and dodication of motivated Stodents like Mr. Finarch, whose work not only supports the technical
aspects of the praject bul also champeons & broader commitment 16 envirenmental stewandship and
ragource presarvation. His confribulicng - are involeabla in o purguil of crepling & model of
eucellence in sustainable water management and agricultural research, and in engaged scholarship.
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Abstract

The University af Antansnarive’s "Garden of Eden Constructed Wetlands Fice Parmasculiure
Agroforesiry Iniliative™ aimsa Lo inlegrale innovative ecological solulicns Toe waslewaler
treatmenl and water slorage an campus. This progect seeks (o oplimire ariificial wailamds
using vegetative Tiliration, specific sebstrates, and appropriate plants, addressing bath
waslewaler treatment and Slormealer managemant whild sepgorting sustainabls
agrecullure. The initiative incledes subsuwlace and aurtace Mow wallands and & pond, 8ach
designed to meel the undversity's mecds Tor water management and agscullural resesnch.
The propect plans 19 implemant subsurface flow lagoons Tor waslewaled treatment and
surface Thvw lagoons Iof waled slafage and rice cultivaticn. ey decigions include selacting
cosl -0l festive and anviranmantally beneticial lagoon lining malersals. This progect nod only
aims 1o enkance waler mansgement and sgncullural practces bul alse positions ha
university as a leader in ecologicsl engineering and sustainable development, praviding
praclicsl research opportunities and contribuling o environmental Suslanabaity.

Keywords: Congtreciad watlanda, rice parmaculturs, waler mansgemant, wasiswales
treatmeil sustainabie agriculluna

Introduction

Thia Universily of Antananarivo Garden of Eden Congtructed Watlands Fice Parmaculiure
Agroforestry Initislive asms 10 implement innovative ecological soluticns far water
management and paollutant treatment on the university campus. This document explores
the concepls of subsurtace flow wetlands and rice parmaculiure in the context ol the
Univarsity of Antananarivo, peoviding & detaded oversiew of the methods and sysiems
proposed for optimizing the efficiency of those artificinl aguatic emwdronmeonis. By
incarporating alements such as woegatative filiration. specific substrates. and suitable
plants, the initiative aams Mo creatle syslems thatl nol only resl wastewater and manags
stormanter but also support sustainable agriculture. The following soctions will oxaming
the proposed designs lor o subsurface fhow watlend, b surface Hlow rice parmaculture

welland, and & pond, tailored specifically to the neads sand snviranment of the University of

AntmEnanariva.




| Case Stwdy: Univarsity of Antananarive Facility

The Universily &f Antananative, located m Antananarive, Madagascar, is ambackeng on &
prgject 19 réescue s aged waler managesmsent and o bld ug mission critical nee
conservalian & agricullural resegrch capabalities, degandent upon abundant waler. Tha
facility reguires elficient wastewaler brealment solutions and reliable water slorage
syalems Tor drinking water. To address bolth of these discrale these ndeds, the project
will Fnglemant & Safes o subSurfate Ilow lagodns Tof waslawaler reatment and fnea

Maweng ard connstled surface llow lagoons Tor waler Storage and rice résearch beds,

L1 Facility Maeeds

Tha primary abhjeciives Tor e Universily of AnLBnanarivo's prapect are:
1. Wastewater Tresiment: EMiciantly treal wastewaler generalad by the university (o
mepl énvironmental standards and reuss the treated water Tor agricullural purposes,
2.0Drinking & Agrcultvral Water Storage: Ensefe & reliable supply of wated Tor diinking
pnd agricullural resaarch, particularly for rice cullivalson,
J.Fagearch and Educalion: Provide praciicsl research opporiunities 1or students and
taculty m sudtainable agricullure snd waler managemant.

Tha “Univergily of Antananarvo Garden of Eden Constructed Wetlands Roce Pesmacullure
aAgroloresiry Initlative” represents 8 groundbreaking opporiunsty Tor the universily to
le=ad the way i Alrica by inlegraling permaculture ponciples with traditicnal rice
production. This initiative pddrassas the pressing need Tor afficiant water use in a region
whire waler scarcily is a critical issue, Comentional rice producison is MEhly water-
intengive and often diverts woter from essential drinking water neads. leading o
iEpiTiciencies and shofMages. By implamanting this inncdative plan, the universily can
gamonstrate that men-made wellands are preciaely whal is neaded 1o scdve its water
dgamands, Tha project axemplities a significant anvironmeanial sdeancemeant. shdawcpazing
that susiainable, censtructed weilands can provide & dual solution enhancing water
managament and supportng agriculiurg] productivity, This nitietive i caly mesls

immadiate water neads bul also positiang the Universily of Anfananarivo 8= o leader in
sukipirable agriculiural practices and ecological responsselity.




Il Design and Layout

.1 Subsurface Flow Lagoons (for Wastewater Treatmant)
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Figure 1 Zonas 0. 1, University of Antonanarivo Sownce: Coman, USF - Sustainable ¥isson Jouma -
Camimiad, 2024

The subsurface flow lagoons are designed to treat wastewater through a natural
beclogical fillration process. These lageons will be sirategically placed to maximize
their sfficiency and Integration with the university's infrastreciure.

Hay Fenturas for Flanning

& Dimensions: Each lagoan will have a depth of 0.3 10 0.8 maelars.,

« Substrates: Layers of gravel, sand, and saoil to facilitate filtration and roat growth.

= Planis: Common reed. (Fhragmites ausiralisl will be used for hie poliutent removal
capabilitieg,

= Flow Systome Horizontal flow system to maintain a saturafed gnvircnmant for cptimal
ffltration




Desigre The subswrTace Mow |apoons will be designed with aa inlal ares al 2 malbers, an
outlel mrea of 1metar, and o central TAiration ares wilh specilic granulomelry as par the

Austrian standard ONORM B 2505.

L2 Surface Flow Lagoons for Drinking Water Management
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Figure 2 Zone 28, University of Antananarie Source: Coman, LSF - Sustamaible Viskon Journal -
Curtarsie, 2074

The surface flow lagoons will be utilized for storing drinking water and supporting rice
resaarch beds. These lagoons will be designed 1o ensure minimal evaporation and

M CamEm water retantion,

Koy Features

Cimensions: Maximum depth of 2 meters, with additional depths of 2.5 to 3 meters for

weinter fish survival.
» Substrates: Layers of gravel sand. and soil for water storage and rice cultivation,
Plants: Fruit plant like papaya, cltrus and banana around the periphery to provide shade

mnd reducs oy poeaon.



Desigre The surface flaw lagoans will mcleds embankments upstream 1o préavent sedirman

deposiis and downsiream Tof Tish management. & Synllheas Ening will be ussd 16 BEnsurs

waler impermeability, with & geotextile underlayer to prolect Uhe lines.

IL3 Integration with the Site

Tha Layoul of the lagdons will be degighed 1o harmoniously inlagrale with 1he asisting
uriversily landscape. The placement of lagaons will ensure oy SEceEss for masnmlanancs
and momtosing while provideng an aesthetically pleasing environment fof sludents and
statff.

Proposad Layaul

= Wastewaler Treaimant Lagoans: Located near the main wasiewater discharge paints (a
mimimize (he destance Tor waslewaler ransport.

= Water Sterage and Research Lagoons: Pogiticasd s arebs with splemal Sunlight Tor fice
cultivation and easy aoceds 1or ressarch aciivities

L4 Expacted Banafits

& Erviranmental Sigaificant redocticon in pollutants from wasiewater, contnbuling o
cleaner local watar bodias,

& Agricultural: Enhanced resegrch opporiunities o orice cullivation and parmaculiure
tachvigues, laading o mgroved agricul tural praclices.

= Educational: Hands-on |earming axperiences Tor sludenis in sustainable waler
managenmsent and ecological enginaeing

Case Study — Antananarive

The University of Antamanarive’s project ropresents & comprehensiee approach o
iniegrating wastewater treaiment and water storage solutions. By implementing
subsurface flow lagoons for wastewater treptment and surface flow lagoons for water
storage and rice research, the unssarsity will not only addross its immodate water

management needs bul also cantribute 1o the feld of susianable agrecuiure,




. Subsurface Flow Constructed Wetland for Wastewater Treatment

Constructed wellands, with depths sanging Trarm 003 16 00 meters, immerse subsirates
and roots, theraby promoding the grawlh of bialilm and the removal of pollutanls. Plants
cuch a8 Bulresh and common meed ane commonly used in suBdurface drainbge Syslame,
Hurmercas stuedies have proven the effectivenass of artificial wetlands in tresting wiban
waslewaler and remaving various pollutants Horirsntal and vertical Tlow sysiems operals
in differant anvironmenta, whather aorpbss o ansarabic, 10 degrade pollulants with

hpdraulic retention Limes varying according 19 studies.

I araramial subaurface (o Sy slemEe. Wastewaler moyves hofironially theough subEirates
letated in & bod planted beaeath the durface of mocrophybes. Hosizontal filters are
urifarmly filtad with gravel imporied sand, of in-sile soil, in which reads (ake ool Wates
circulates horizontally thraugh ithe filter, ofien conlinuously, thus keaping the filter bads
saluraled permandntly. Thete iS nd waler surfacs expidgsd Lo The almosphars, 45 (he wales
lereirl i maintaimed 5-10 cm balow tha aurfacs of the graval layer. The hofizontal filber doss
nol recaive raw afTluent, ag it s pre-trested (o seduce suspended solids that couwld clog the
filter.

Haoripantad filiers phe gajurated with water thanks to an outlel giphon system that allows
adjusting the water haight in (ha bagsn. Phfagmifes reads planted in tha hosipontal Hiltar
alfectively reduce many pollutants. The aptimal bed dopth is 06 meters, corresponding (o
the maximiam dapth reached Dy the reeds’ rhizomes 0 8 salurated amnvironmant,
Additionally. the bed slops ig 1% 19 allow the Tilter (o drain. According 1o Dhe Augirian
standarnd bMDHH B 2505, it is recommended 1o use granulometries of 40 1o BO mm lar the
inbat and outlet areas. The inlet area ghowd be € meters long. whila the cutlat area should
ba 1 meter long. Finally, the substrate granulometry @ the middle abauld be batwean 20
and 340 mm

This tharough analysie process and various recommandaiions fram literature and

standards, such s the Austrian standard OMORM B 2505, led me to proposa the
subsurface fiow wetland system describod below, By considering the optimal depths of
subsgtrates, the types of plants to use, a8 well as the appropriate dimensions and
granuslomatnias for the inlat and guilet areas, | was able 1o develop & detailed and afficient

daslgn proposal. This design, illustrated In the fellowing figure. integrates all these
gonsiderations [0 ensure optimal wastewater treatmeant while minimizing clogging risks
ang maximizing pallutand degradation atticiancy.
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Figure: Subesur Tacd Lagasa Flanning Sourca; Finarch D034 (i B}

V. Freshwater Rice Permaculture Lagoon with Surface Flow

A Treshwater rice permatultore lagoon with surface law i3 an integrated system that
combines parmacul ture technigues with rice cultivation in an agualic environment. Tha
construcied wetland for stormealer management is dasigned 1o manage stormwaler by
stofing and treating it through vegetative filiration and substrales swech o gravel and
sand. Subgurface flow occwrs in the middle aof this system, and squatic plants can be
planted sbase it

Research shows thal the combined cultivation af rice and citres on marshy lands greally
bemnefitz from the integration of advanced agricoitural technologes amd institulional
cupgrart for farrmars. Banand [rees, oflen grown in association with rice and Truil [reess
like papaya, play an infermédiate shading rolé and provide & food source far hausehalds,

while the surplus i intended for sals,

By cambining these two concepis, it s possible 1o plant rice above the subsurface flow
and pasition fruil trees aagund the wetland The compositeon of tha substrates in he

artifecial gubsurface Thow welland, made up of soil, sand. and graval. allows Tor planting

fice alsayve this soil, a2 rice paddies are used inmanaged wetlands in Southeast Asia




Ta illusrate the concepl af the freshwa ted rice permaculture Lagoon with surlace flow
and integrate the dimensions of the previously describad subsurface flow lagoon, here is &
datailed diagram of the proposed design

L L] il i
b e

Figure: Proposod freshwartes rice permacul fure lagoon with Surfscs Flow dowsgn
Lowere: Finarch = 2024 [Author]

V. General Pond / Lagoon Congiderations

A pond s & shallow, generally artifesial, stagaant Treshwater body that can be draimned,
redting in @ basen with an impesmeables Botiam. A pand of varied shape is the mast suitabla,
Due 1o thew transiticnal mature Belween terrestrial and aqualic envirgnments, ponds can
aleo re sarie waikanda,

Hillside reservairs ang ponds Ted by runall and precipilation, Bul aol by fivars, A walland
naturally dewelops around thess ponds. They serse a8 waler reservoirs during hassy
raintall and can be connecied in succEssion reguring ambankmeanls upsiream 10 praven]
sadirment Geposite snd dowmsiream Tar Tich managament. A pond should ot De s desp 1o
promole the devedopment of aguatic and amphebdous vegetation and to limit thesmal
srratifecation. & pond can have & masamum depth rangmg Trom 1.5 10 2 metars. For the
sufenBl o1 Tish dureg wenler, an adihtional depith of 2.5 10 3 malars 8 st essary

‘Wates i e struclurng and driving elemant of ponds. Each pond &= characlarized By tha

balance betwesn water inflows and cutflows. In ow cese. embankments epstream and
dawnsiream of the pond are used since the pond is fed only by runotf and reinwater, The
ziz@ of (he strecture is limited (o reduce the evagoration of stored water.




ATtar & thoraugh analygis of the differant options, i1 appeors that a synthatc liner,

combingd with & gedtexlile underlay, is often praflerred dua 1o its cost and durability.

Far mstance, although nateral linefs aré an oplion, they can bé more axpansive
Additionally, among 1he varsdus syalhetic materials, an EPDM rubber liner 0=
considered a better sllernaltive te PYC, particularly for its longevity and lower
anvironmental impast during disposal Planting trees and hedges i3 alse recommended
L provide shade and raducs avaporalian.

Building on this foundation, it's impartant (o careTully consider The subseguant staps in
thie gond's devalopaant to angure 118 ecolagical balamce and sustainability. It i=
recommended 1o cower his layer with 20 ¢m of 208, The vegelation asseciated wilh
stagnant waler ghould be suited @ the pond's mode of oparatien, with limited plant
intraduction. Common reed, Tor example, iz advised for s purilying properiies
Simalarly. the introduction of faund should be limited, with only & Tew amall Tish in very

small Guantilies,

Congidering these ssgantial characierstics and requirements of ponds and hillside
rEarvairs. | hgve proposed a layoul that harmoniously and affeclively @mlegranas these
alemenis,

e

Figura: Frashwaier Siornge Concepl Soprce: Finarch - 2024 {Authar]




Conclusion

The University of Antananariva’s “Garden of Eden Constructed Rice Permaculture
‘Wailnnds™ praject reprasents o visionary apgproach to infegrating wastewater treatmont
and water storage selulions, serving as a model for sustainable water management and
agricultural research, The proposed design at this stage underscores tha technical
wision for the praject, setting the foundation for detailed plannéing and site-specific
analysis, in cooperation with constructed watlands exparts. The next steps will invalve
conducting a comprehensive on-site survey of the site to inform the precise placemont
and dimensions of the subswriace and surface flow lagoons. Additionadly, a critical
docision remains regording the lining materials for the lagoons. While a strictly
synthetic liner i tha mast cost-effective cption, the potential use of bentonite providos
a more natural solution, slbeit at o significantly higher cost. This choice will reguire
corgful consideration of both budgetary constraints and anvironmental benefits. The
arvirpnmental banefits for the university should not be underestimated. The proposed
funciional landscope will support the local ccesystem and substantially improve water
management at the university. Unlike traditionad solutions, such as water tanks, which
have been tried and found wanting, this project affers a renewable, natural solution. By
implementing constructed wetlands, the University of Antananarivo positions itself ot
thie forefront of utilizing green infrastrecture for comprehonsive and envircnmentally
responsible water management. This project will create a beautiful snd sustaimable
landscape. enhancing the university's role as a leader in ecological engineering and
sustainable practices. The holistic approach demonstrated hore has the pofential to
address current and fuiure environmenial challenges, ensuring that the University of

Anlananarivo ol only mests ifs immediate watler monagemen! meeds buf also

contributes pasitively o ther enwiranment and community.
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THE WATER PROBLEMS OF THE UNIVERSITY OF ANTANANARIVD

AND MADAGASCAR IN GEMERAL

Global Detorestation and its Impact on Madagascar

Detorestation is & global crisig that hoas lofn indelible scars on Landscapes
around the world, and Madngascar is mo ewcoplbon. Tho island nation.
regncaned  Tor  its  wnigue  biodiversity, has  ooporienced  extonsive
detorastntion, primarily due to agricultural oepansion, fogging, snd
charconl production. This erwvironmeninl degradation has had sovers
rgperoussions, particularly = the southesn regions of Madagascar, whore
thix Eachk of 1reds hing lied to sall arcdion, decrenssd rasnfall and tha collapse
of BCosysiome

The situaticn in soulhern Modagascar s dire, with commanitios sullening
from acute water and food shortnges. This humaniiorian crisis can be
troced back o poor envirgnmendal planning and management by proyviows
generations, The absencg of sustainable practices has resulipd In
desertification. making it increasingly difficult for people fo fimd the
rosources ey need 1o surave

Urbanirstion snd Infrastructure Strakn in Antamanarivo

A5 rural arcas become increassngly uninhabitoble, many peoplo  have
migraied to whan cenfers in scarch ol betier lwing condifions
Antananarivo, the capiial city, has seem ssgraficant population growth os
citinens flock fo the city i soarch of electricity, water, and food This rapid
urbsnizotion has ploced Pnmenso strain on the city's infrastnucture, which
has naot been able fo keop vp with the growing demand.

Recent siatistics indicato thaf urban population
growth in Madagascar is approgimately 4 5% por
yvear, with Amntanananve being the premary
destination for internal migranis. The city's
population & now estimated to ba over 1.4 millian,
a mumber that continues to rse as more people
sonk refuge from the harsh conditions of raral
Aroa

kany residents of Antananarivo Live withowt basic
nocossies such as running water, eleciricity, and
sanifatson  infrastructure. The city's  waoste
managemeni syslems are overahielmed, leading
to an accumulation of trash in the strests. The
waler supply system s particularly inodeguate,
failing to rooch the highest clovations of the city
and leaving endire 2onos without relisble access
to water. As o resull, residents often rely on water
dedivery Erucks, which are inconsksient ared
ungrodictable.

‘Water Chadlenges at tho Unbversity of Antamnanarheo

The University of Anfanannrive mirrors the cliy's broader waler infrastructore challenges. Despite having
soma wainr infrastructune in ploce, the sysiem is inefficient and cannod adequately supply water 1o the
campus, ospecially fo the higher olewations. Moy oreas widhin the university depend beavily on water
dedivery trucks, and when water |5 dobvened, it s guickly distriwted and depleted, Torcing students to be
constantly vigilant to secure thoir daily waler neods. Hationing is commen, and the lack of a predictable
dedivery schodule cxacerbates ihe problem.

The wniversity possesses numenous tanks thot could store water, but these often sit empty due to the

ineffective distribution sysiem. This mconsisient water supply poses o signilicant challenge. nof ocnly for
daity Living but also for tha university’s academic and environmaontal enitindives.
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THE WATER PROBLEMS OF THE UNIVERSITY OF ANTANANARIVD

ANDMADAGASCAR IN GEMERAL

Environmental Initiatives and ‘Water Management
Despite  these challenges, the  Univessity  of
AnTanamnara 13 propetive B0 o EanmaEnisl
ponservation, particularly in tres propagation efforts,
The universily has been aclively producing at-risk
tree species. such as ebony and rosawosd, 10 SUDDOTT
local reforesiation. However, the extended dry
pariode, whath can 13250 ug 19 nine months withoul
rpin, coupled with fhe generpl water sharage on
campus, threaten these young trees' survivall

In reent years, thera hawe bean plans to bulld water
recycling faciities using constructed wetlands 1o
manage  and  reste  waslewaler on  Campus.
Recognizing the importance of sustainable waoter
management, the lacqueiyn Jestine Sanders
Foundation stepped in to build upon these plang, The
Foundation aimed to address the brooder water
issues al the university by evaluating and devesloping
solutiones for boih wastiewater mansgement and
drinking water supoly.

The focius = o ehhencwmg the unversity’'s sell-
relinnce  through  rainwater harvesting,  storoge,
filtration, and distribution systems. By leveraging
rainveater rathar than relying cn delivery trucks, the
university seeks to create a more sustainable and
daependable watér supply.

Engaging Students for Sustainable Solutions

To tackle these multifoceied challenges, the
Foundation engaged studente Froem the univessily and
other local instifutions (o assass the waler Issues and
davelop comprehensing  solutions. This  initintiee,
termed  "Engaged Scholarship for  Sustainable
Solutions,” involves students in real-world problem-
solving 1o foster practical learming and inrdvaticn.

Thie sfudents’ tasks included designing systams faor
rainwaler caplune, efficient storage. filtration, and
aquitaile digiribution. This ambiticus undartaking not
anly aims to solve the immediate water issues but
alsa to serve &% & model for sustainable waler
managemant that can ba replicated in other regions
facing simdlar chalionges

In summary, the water problems at the niversity of
Antananariva and Madagascar as a whaole are deeply
interconmecied with glaobal énvironmental isswas,
uranagation rassLres, and InacagLathe
infrastruchsre. By addressing  these problems
thrgugh engoged scholarship amd sudtainabla
practices. there is hope for o more resilant and solf-
sufficient futura,
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“The JI5F Fellowship Program ai ihe University
From Crisis to Opportunity: of Antananarivo took many unexpected tuns
Leveraging Constructed Wetlands & Rice Fields for |GG EUULCRRS L LU RUE SE L L
Sustalnable Water Managemeant mﬂ!ﬂﬁnﬂﬂﬁﬁﬁﬂﬂmn
at the University of Antananarivo” and nafure redens an abundance af wealih,
The Garden af Eden Concep! developed as the
Aurthor: Coman, Konneth Dale (Sr.) naturmd golution. Tho beaufy in nature is
irgricatly. in ir's comyexily and it's simyplicity.”
J J .1 u.l:-qiﬂ;l.\-u u;m - Coman

This gasay exploras the infegration of constrnclied watlands and rice Tields as viable solutions for addressing
savere waler management challenges. Ueing the Undversity of Arfananarive in Madagascar 45 a case shody,
iE fighlights The urgenl reed fof inndwalive waler Irealment and siorage solutions. With s 35000 sludenrs
suiffering from & failing water infrasirosivee and mnfermillent waler dediveries, the umriversily regresenis &
microcosm of the broader waler crigit i Madagascar. The sssay dalves info the higsiorical contexl af rice
agriculiire 8% & nalural reeponge 1o ha lack of candralized waler irealmen and advocates for the "Gargdan of
Edwn”™ concapl —an acofogically oivarse, waler-recyoling landacape. If argues thal the answers [0 waler
EEArcily and qualily isswes lies in embracing fhesa susiainable, narure-basad solulions.

Introduction

Madagascas is currenily facing 8 severa water
crisis, with inadeguate infrastruciure fading to
maal the meeds of its population. Thes aue s
particularly proncunced at the University of
Antengnarive, the largest  wniversity  in
Madagasces, where 35,000 students rely on.an
intermittent ard sutticient water supply, The
university’s fadling water infrastractire has led
10 & dependence on sporadic water deliverias,
significanily atfecting daily Life and acadamic
acinities. Mepnwhile, the island's abondani
rainfall is chanmsled inlo surounding fice
Tielgs. hinting at & soluthon embadded in the
natural landscape. This scenanio UNdErsCcOres. s ssdhol Medagpssen:, worael cMen maans fasly mombers sl
an wurgent meed for  inndvative  water :L“;:ﬂ“;::ﬂ“::“' T

managemant anginsering to transtorm  the

untvarsity’s water scarcity info an opporiunity

for sustainable devalopment,

Given fhe urgency of the siluation, the potential of integrating constructed wetlands and rice Tields as
part ol & compralensive waier managemani siralegy bacomes increasingly relevant. These systems nm
only ofler & means lo enhance water quality and availability but also provide ecological and educational
benelits. This assay aime (o explore the histericsl and contemporary applications of wetlands and rice
fields in water management, highlighting the oppertunity to tusn the University of Antananarivo into a
regroducitle medel lor sustanable water infras tructure in Madagascar and beyand
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Histerical Conlaxi:
The Genesis of Rice Agriculture

The use of wellinds for waler storage and purification is nel & nowel concept bul an ancienl praclice
retimed gwar millesnes, The cultbsalion of rice in Mocded BGelds, o paddies, emerged as & natwral
regponse 0 tha lack of contradized water treatment. Early civilzations observed that wotlands. with
their rich biodiversity ard complex ecosystems, could noturally cleanse water. This observation led (o
the innoyation of planting edible Srogs in thase lagoons, giving berth 1o rce ggniculiune,

Tadoy, rice fields cover agproximately B2 million hectanes globally, accounting for about 34% of the
world's todal agricoltural land, excluding foresis This exiengive use of land undericoras the
affectiveness of rice fislds as natursd water treatment systoms. Rice paddies ore more tham just
agricultural landscapes; theay arg mircale systems where water porilication nutrient Sycling. and Tood
production occur simulianeously.

i1 The badir] ool Thes hbaelg Brissad, in Ll eagatod Eily of A lassnaren, dbssiitous iga felos § el g A0 e dhalancs diap walin fram Tha
W Dt Pesg e Panichs Poed s hoof e wiley' 1508 TR syrlem Sghing cloabirg beirgg wirkPad 10 Uher weiler rasr e el s
comign. Pharilo Credn Cosnan LA

Thi Madern Perapeciive:
Constructed Wetlands and Water Management

Building on the fraditional knowledge of rice fields, modern
gesanca hag ambraced ComEtrucied wallanda as & sustainable
approach fo waler managemeni, Consiructed weilands ara
engineered sysiems designed to mimic the natural processes
ol wellpnd acoaystemns. They utilize a combination of plants,
sodl, mnd rnn.'-rwa:rlnisms o trpal wastewater, stommesator,
and even grEyveaber Trodm domestic Sources.

By storing and treating rainwater and groywater, constructod
wetlands reduce reliasnce on centralized water freatment
facilities and prowsde a gecantradized, aco-Triendly scdution.
The waler purification process in these wetlands involves
secimentation. filtration through plant roots, and  the
braakdown of pollutanis by bactorsa, This notursd filtration
systom enhances water guolity, making it sultable for vorious
neon-patable uses, and with addetional treatmant, it can &ven
mel polable standards,

Wl o Pufes s bemil | whien [eeia i o cosvelsr e o o
stk logeliai 1o clews tha weter.  Paolo Crod: Cames @i
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Corceniunl 5ile Plas devekiosd s part of the 2024 Jeogusten Sendess Frusdanon Fellseships. Phalo Credb U5F

Embracing the "Garden of Eden”™ Concept

The “Garden of Eden® concept envisions transforming landscapes into water-saving, wator-
recycling havens by incorporaling o diverse range of planis, includsng fruil trees, inlo ihe wetland
syalem. This sppreach not only enhances odiversity but also improves the afficlency of water
usq and purification. By strategically designing these systems o wse gravity flow and extensive
ool networks, we can creale 8 sall-sustaining environmant where water is continuowesly filtered
and raused,

This cancept is nol limited 1o any single instilution or regsor; it ol fers a wniversal selution that can
e adapted 10 vanious climates and ecosystems. For example, the Unsversity of Antananariv in
WMadagascar could adopt this approach o address its water management needs, By integrating
wellands into the campus landscape, the university could clean U8 waslewalenSes ARAFA
Report 20200, harness raiveater and greywaber, creatsng a sustainable wabter source that
sypports boath human activities and the bocal ecosystem. This system would pravide water for the
trese consarvalion efferis, and i1 would supply a continuous supply of water for fillering Tor the
studants for showering, drinking, and even perhaps for washing thedr clothing as wall.

Fruat iregs marh o Pagays snd Oanana are wery vibran inbMadasgeacar, Thas fiess scdfd pehance greatly the rios Tiskd
Imragsca p g wegad d i ipdy e fogd guesn by g dewer i by oommdng ot of the Tiebde  Phaoin Croadii; Sames Prod




Haw much land masz is dedicated worldwide to rice [
agriculiura?

Rice production is & significant component af global
agriculture, bt it occuples o relatbvely  small
perceniage of the fotal agricul tural land,

Hare ara the doetails:

According te the Food and Agriculture Organization
(FAQ) of the United Natons, spproximataly 162 millicn

I " I 182 rrilicn Beciares of s ot aned fod Boe cul thatien
hE’I:EHﬂI.E- of land are used for rice l:l.ﬂ.!l:hlﬂtll:ﬂ i, Thatl an wat gty thaikin o4 Mhemiet,
worldwide. Thel represends an anes the si2e of s Cases Bral
baxico,

The total global agrculiurall Land area is around 4.8
billien hectares, which ncluades srable  land.
permanent crops, and permanent pastures,

Caloulating the percentage. rice cultivation accounts
Tar abaowt 34% af the total glabal agricultural land.

This percentage highlights the impartance of rice as o
staple crop for o large portion af the world's
population, despite its relatively small footpantin the o 4o e i & “walsr nanaie® cron
todal agricultural land area, Rice is particularly crucial Thin i bargaly des e evdporation. Bul 1sking scken 1o

in Asia, where it is the main source of colocies for R VIDOnRation. iy TR et the fica Tk coh by
cuniral 16 a comorahesarre sater Liocrage, mana gemraeE

billions of pecple. ihd recpclag dfraBegre. Phaba Camd (P

Rica ns o Fhytoremadiathon Tool

Fice planis lkave the ability to clean waier through a process kncwn as phytoremediation. This process
irvplves using plants 1o absorb, accumulate, and degrade contaminants from water and soil. Hera's
Intrwe rici plamds condribute b waler cleaning:

Absorption and Accumulntion: Rice plants can absort potlutants, including beavy matals, nstrients,
and organic compourids, from waler and sod through their reat systems These contamenants are then
accumulated within the plant tasues,

Root Zone Microbial Activity: The root one of rice plants. also known as the rhizosphere, Supports a
diverss micraial commienity. These mecrobes can break down organss pollutants and convedt tham
inte less harmful substances.

Oxygen Relaase: Rice planis relepsa oxygen inte the water ard soil through their roots, This
cxygenation helps to promote aorobic microbind activity, which s essontial for the breakdown of
varsous contaminants, including organic matler and certain pollutants.

Mutrient Uptake: Rice planis are efficient at uptaking nutrients sisch as nitrogen and phosphorus from
the water. This can hélp reduce nutrient pollutson, which & 8 common prablam in watéer bodies thal
lepds: toeutrophication and sgal blooms.

Sediment Stabilization: The rools of rice plants help stabilize sedments in the water, reducing
turbidity and preveniing the resuspansion of confaminants,
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LEmitations and Considerations when utilizing Rice for Phytoremediation

Tha Status Quo:

Be first informed that the decision has already Been made Broadly to usa rice Tor phytosemediation 56
ARy T fialds are I"ﬁl.'lﬂh"l'lﬂ rin pnd grey water from all deactions, Washing = b'B"ﬂE dong using the
wator flowing into and out of rico fields. It is tho Status guoe Thus = we ane ot assorting here that rice s
the optimal phy'toramediation tool. B isn"L Bul - gince i1 is widely used in this conltaxl - how do we
optiméze that usa? Since wa arg talking about an area globally that exceeds the amazon rain forest .. 1
is useful to exemine and propose ways (o improse this land use. How effective is rice? Can the system
L i pr ol upaa

While rice plants can contribuie 10 waler cleaning. they are typically used as part of o broader system
for mandging water gqualily. They arg particularly effective in rice paddies or constructasd wellands
whare water can be retalned ard treated over time, The effectiveness of rice plants in cleandng wator
deponds on various factors, including the types and concentrations of contaminants, the characteristics
of the sodl ard water, and the specilie nce varieles used Overall, rce plants can be an Bmporian
component of comprehansive scodogical enginearing and sustalnable waler management practices,
hezlping te improve water guality in agriculiural ond natural ecosystems.

“Constructed Watlands™ as an Strategy

Using conatructed watlands as a compoanent of a raimyater harvesting
and treatmant system can be a volid approach for storing and pra-
treafting water that will eventually mest potable siandards. Here's how
this cam wark and why it can be considerad & feasible and sustainable
strategy:

Bhin el e mirh (oS gy 3 WATEY
Bamalits of Using Constructod Wellands for Rainwaler Storage sl Pt Gaima [Pl

Matural Filtration: Construcied wetlends can act as & naturad filtration
system. Az rasnwater flows through the wetland, plants and
microorganisms can hedp remove sadimenis, organic mattar, and soma
contaminants, This precess can reduce the load on subsequent
filtration and treatmentl systems needed to meel potable waler
siandards.

Pollutant Reduction: Wetlands can reduce various pollutants such as Caybeara, Wettiasns of Brazi,
nitrates, phosphates, heovy metals, and pathogens, While they may oo Cara P

nof completely purify the water to drinking standards, they can
significantly loweer the concentrations of these contaminants, making
it masier and maore cost-gtfective 1o achisve potable water quality,

Ecosystem Serviced: In addition to walér [reatment, condirscied
witlands provide habitat for wildiite, enhance bicdwersily. and can ba
imtegrated into the landscape for aesthetic and educational purposes.

C S e p—
Water Conservation: Storing rainwater In wotlands reduces rellanct s fr coe Fro ’

on grourdbaater or surface water sources, contributing te cvarall water
consarvalion efforis. This is especially valuable in areas facing waler
searcity or drought conditons,

Stormwater Managamanl: Copsirocied watlands help manage
glonmwater by reducing nanoft and controdling flooding. This cual
functicnality allows them to seérve both as water treatment focilitbes
and a5 flocd mitigatsan infrastruc buna,

Crngreacted wetlands of Boafder OO
LEA. Phabar Carva (Fral
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Engineering a maore Optimized Rice Phytoremeditaion Sirategy

Engineering the systems and managing water quality are crucial aspects of making phyloremediation
through rice cultivation a viable and Sale practice. Here's o desper dee into the galient posnis:

Engineering and System Management:

-ﬂ‘ﬂﬂﬁ'l and Maintanance: Properly designed and maintainesd phylorermadiation systems ane
essantial for effective water treatmenl. This mcludes designing the ponds Lo aptimize the remowal
ol cantaminan 1= ard regularly masmiaining the infrastnictura Lo prevent isdues.

Pre-Treatmeniz Pre-ireating grey water 1o ramose the mast harmTul contaminants before it enters
the phyioremediaticn rone can significantly reduce risks This esn imolve filtering oul golids,
reducing heavy matal concentralions, of using ehemical treatments 1o meutralize pellutants.

Consumer Awaranets and Water Congarvation

Educational Initiatives: Educating consumers about the benefits of water recyeling and the role o
ehyioremadiation can increpse their rewpect and care fof waber rescurces. When poopbe
undargtand the imporiance of their actions, sech ot vsing environmentally Triendly cloaning
products, they may be mone inclined lo adopt pracieces that reduce water pollution.

Behavioral Changes: Knowledge aboul the conmection Datween waler use, pollution, and Tood
praducTion AR Sncourage CONSWMers 1o make more sustainables chaicas. This might include cpding
for natural detergents amd reducing wasie, whech b turn supporis the effectiveness of
phylaramediation syslams.

Matural and Eco-Friendly Producta:

Matural Detergants: Using natural or hiodegradable detergents helps mindmize the introduction ai
harmful chemicals intg grey water. These prodiscts often break down more easily and are less
likly to leave bahind residees that can alfect the phytoramadialion process.

Reducing Chemical Loadk Reducing the cwerall leed of chemicals entering the wastewater sysiam
through choices ke natural cleanng prodiscts and reducing personal care product waste can
significantly Lighten tha burden an the water ireatment process. This can lesd 1o cleaner water and
mare aftactive phytoremediation

Intagration with Broader Envirenmantal Gaala:

Sustainability: Phytoremadiation systems, when combined with public awareness and eco-Triendly
practices, contribule to & broader sustainability gaal They affer a mathod 1o manage wastewatar
whide also producing food. aligning with goals of resouwrce congervetion and erwircnmental
stewardship.

Comemunity Involvemeni: Engeging local communities in these practices can lepd to better
gutcomes. By irvolving people Im waler conservation efforis and edecating them abcul the
tenefits of sustainable practicss, commundties can collectvely work towards more effective
arvirenmenial management

Eftectively integrating engineering sclutions with community awsreness and sustainable practices
creates a robust system for moanaging grey water through phytoremediation Ensuming the water
guality entering these sysiems is managed and reduced theough natural detergents and othar eco-
frienifly practices can enhance the salely snd efficiency of such systems. Additionally, educating
consumars and fostering a culture of respect for water regources are key to the seccess and
sustainability of these praciices.
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Rice Permacultura?

PFradicling Tood production and profitabdity for a
hactare of land growing rice exclushaly versus a
mixed crogping System [rice with fruil Irees and
berries] mwalves geveral variables, Here's & detailed
comparison, dlong with insights info the impact of a
permacullure approach on waber usag:

Rice-0Only Field:

Froduction and Yield:

o Typical Yield: On a well-managed hectare, rice
yields can range from 4 to 8 malrc [ons per
year, depending on the variety, soil quality, and
management practices,

s Income: The profitability depends on local rice
prices, bot assuming a yield of 4 tons per
hectare and a price of S300 per ton, the gross
rewa e might be arcund 51,800 per hectara,

Water Usage:

« High Water Regueement: Fice 8 8 waler-
intanalve crog, often requiring arcund 1,500 1o
2500 cubic meters aof water per hectare per
SEAL M.

izl mn & Form. © Sepk iy - Fhofoc Caras Fmid

Mixed Cropping
(Rice with Fruit Trees and Berrles):

Froduction and Y ield:

¢« Rice: The yicld might be lower due 1o
compebition Tof resouwrces. & conserdaiive
estimate might be 3 to & moetric fons per
hectare.

= Fruit Trees and Berreos:Yields cen vary

widaly based on the type and age of the
tredslbushes, Bul:

= Firuit Trees: Depending on the ype (0.,

mongoes, avocados), yields might ba & 1o 16
mielric tons per heclane per yoar once the
Lreps gng mahure,

»  Berriess Yields can range from & 1o 10 medtric

tods par heclang per yedr.

Total Productlone Combining the yields, you
might expact srourd B to 20 méetric fons of
procluce per bectare annually, depending on the
mix of fruits and berries and the maturity of the
planls.




Rlca Permaculture Incoma:

¢ Warled Pricing: The todal revenue will dopend on
tht market prices of tha frults and berrles, If you
BEEUME aVETAEE prices, the mixed system could
petentially gerarate higher gross movenus, For
axample, if the combined rovanun of fruits and
barrios s around 54,000 per hectare, this could
spass the revenue from growing rice pdone.

impact of Permaculture Appronch on Woter Usage:

Permaculturs Principles:

¢ Divarse Flanting: Incorporating fruit treos and
berries intp the oo feld can create & mare
resilient ecosystem, with plants bonefiting from
pach other [eg. through shade or improved soil
conclitsons],

Water Management: Permaculturs technigues can

significantly reduce water usage through methods

Lik:

« Wator Harvesting: Collecting amd  storing
rivinwaler for irrigation.

« Mulching: Reducing evaporation ard mproving
sof mpishure,

¢« Swales and Contour Plowing: Directing and
retaining water in tha field.

Expected impact:

Redwced Water Demand: The permaculture
appraach can lead to more officient waler use
compared fo traditional monoculture practices.
While rice still reguires substantiol water, the
additional  fechnigues can reduce the  owerall
demard and improse waker conservation

Summary:

o Rice=Only: Higher wields and predictable income
bun higher water usage and less diversity,

o Mined Cropping: Potentially higher averall yields
ond revenue with greater diversity, but Enitial
compatition for resources could reduce nice
yield, Permaculture can imgrove waler efficiency
and sustainability,

In general while mixed croppéng with permacoliure
technioues might initially present challenges, it
aften results in higher long-1erm sustainabslity and
potentially increased profitabdity.

Permdcul tuie diiag heghei Felerm ah srees bl
Pluabae Cafrea (P

iniercropong Frt rsea brnp s gher mulef ol
seauill an well. Phalo Carra (Prod

dippa i Pegr pairic fow bl Thk o whil ol fatd & mifed
mienssa equlaben - 163 muich evas il
Pt e o el [Povin

fnpremng tha Lencacape for babier rewlin oral o nes
concept. B led un ned Foeges B irpead Pheofe O sves Frad
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Praoject Owervieas:
Kibera Slum Constructed Wetland

Oine nateworthy project in &fricn ks the
Kilera Slum Construched Weatland in Nairahbi,
Kanya, which is 8 collaboration invalving
Kenya's Jomo Kemyatta University of
Agrigulture and Techaology JHUAT) and
other pariners,

Laocation:
Kibero, Malrobi, Kerya

institution invelved:
Joma  Kenyatta University of Agriculture and Technology
[JELIATH

Description:

Tha Kibera Slum Constructed Wetland project focuses on
acldressing the severe sanitation and water quality [ssues in ona
of Mairabi's largest infarmal settlements, Kibera. The initiafive
aifnd 10 imgrove watiewater reslmenl osnd management
through tha usa of ermn.lcmd wiatlands, -adu.:;h LU LR
frienddly and cost-effectiee technology for treating sewage and Fhan: KT

Ereywater.

Objectives

+ ‘Wastewater Treaiment: Te breal and Manage wostewaler
from the commundty, reducing the contaménation of local
waler sourcas.

+ [Environmental Impaci: To creble & sustainable snd low-cast
solution for improving water guality in the slem.

« Educationsl Purpose: To prowvide a neal-world case study for
stisdents and regearchers at JKUAT and ofher nslifutions,
fostaring praciical leamning and innowation in environmantal
dna g el

BADiings plefera. an iakan Tres Thal s been
ulHlized a4 parl al s Hiseia setlar aobil e
Pheto: Carrea (Prod

Impdementation:

The praject inedlves the constructlion of a series of wellands
dagigned o mimic natural processes thet filler and purily
wastewater. These wetlands wuse plants, microorganisms, and
mafural filtration methods to clesn the water befare it is safely
retisrnind 10 the envirommsant oF reused,

Impact

« Heslth Bepafits:  Impeeasd  canitaticn  and  fedused
watarbome disoasns in tha community,

s Educational Cutcomes: Stoedents from IKUAT snd other
matitutiong gain hands-on exparieance I enrgnmental
enginecring and sustainable development.

« Community Engagement The pooject engages local
rasidents in mainteining and monitoring  the wetlands,
promoting  onvironmental  awareness  and | community
mvalvemrenl
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Consideraticns for Using Constructed Wetlands in Potable Water Systems

Supplementary Treatment: While constructed wsetlands con improve water quality, additional
Lregimenl Sheps pre necpdiary Lo apsun waler mesls polable standards. These steps may melode
filtration, diginfecticn g chiorimation UW treatment), and possibly reverse osmoEie OF olher
advanced treatmeni processes.

Repuatary Complinmcs: Drinking water regulptions can be stringent, and waler soarced from
constructod wetlands must comply with local and natiomal standards. Continuous monioring and
Ledling are esseniial 1o ensure Complisnca.

Dosign and Maintenance: Proper design and regular maintenance of the wetland are crucial to its
alfactivensss. This includes salacimg appropriate plant species, maintainng tlow rales, and
peevening clogging or stagnaton,

Seasonal Variations: The alfectiveness of wellands can vary with seasons, particularly in terms of
water loveds, temgerature, and bislogicol activity, These factors need (o be considened in the overall
water management plan

Examplos and Cosa Studias

‘While specific unfversities using constructed weilands directly for drinking water storage and
tresatrnent ang limited. several communities and municepalities around the world use similar concepts.
Faor Instance, decentralized systems in neral areas and some whan graen infrastructure projects
integrate wetlands as part af the watler treatment process, demonsbrating the potential af this
approach. Uging constructed wellands for slofing and pre-trapting raimealer i @ valid and austsinalbls
stratogy for managing wafter rescurces, particularly i conjunction with ather trepimant technologies
te ensure safe drinking water. This appreach aligns well with integrated waler managemen! praclices
and the gasls of susiainability snd resilience in water sysiems

A Call to Action: Reviving Our Lands

The "Garden of Eden” concepl represents a shill towards
acological stewardship ard sustalnability, By returning lands to
a waler-rich, water-purifying stote, where trees are also
ceniral. we create an environment where humans and natune
coaxist harmoniously, This vision extends beyond water
management; it encompasses food security, biodiversity
conservation, and climate resiliance

Thi speritual truth embedded in this approach 15 the recognition
that gur sctiong have profaund impacis an the anvirenment. By
ambracing natural waler treaiment systems. wa can restong
balamce to cur ecosystems and ensure the prosperity of future
peneratlions. The answer (o cur water challenges lies Aght in
fromt of us, in the anclent wisdom of rice fields a8 a central Coralmacted widlarein Seradabon
water treatment approach and the innovative potential of Phoia Coman | Opandtail
constrncbed wat lands as the moderm evelution of the concept.

Conclusion

In conclusion, the use of wailands and/or rice flelds as water treatment systems offers a sustainable
and halistic approach to water managemeni. The "Garden of Eden™ concept encourages us to rethink
auf relationship with the land and 1o cultivate landscapes thal are not only productive bul alse resilient
and drearsa, By harnessing the power of nature, we can create o world where water is abundant, clean,
and accessible (o all,
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Indraduc tion: What Are the Chances of Success for 8 Wetlands Project in Africa?

Tha guastion of whether wetlands projects can succesad in Africa /s one that carmes bodh promise
amd challenges. Given the contiment’s divevse ecosystems and varying climate conditions, the
porantial for success |z of ten seen a5 wncaertaim. However, in this defadled case study, our Fallow in
Kenya, Mr. Samuel Kimanl provides an in-depth examingiéon of seveval successiul wetlands
progacts across Africa. Drawing on 8 comprahansive body of research, Mr. Kimanl highlights o swida
range of case shudées where innovalive weilands restoration and conservation efforts have led o
significant ecologfcal, social. and economve benefita. The follewing pages offer & detailed
axploration of these sucoesses, providing walvable inslights info the facters that contribube to the
success of swch projects and the fessons that con be applied fo fulure initiefives across tha
cOntinent,
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Hatural snd Constructed Wellands: A Review of the Status Quain Africa

Dafining ‘Weilands: What are Thay?

Warisus definiions have been siaked oul amid an existential challenge among experts o
atcurately describe & watland, Parhaps the mast widely aceepted delinition is provided by
the Ramsar Convention as “lan area] of marsh, fen, peatland or water. whather naiural or
artificial, permanent or temporary, with water that is stetic or flowing, fresh, brackish or
salt, including areas of maring waler the depth of which at low tide does notl excesd six
matres,” (Ramear Convention on Weatlands, 2016 p. 8k A much-simplified vession of thig
dafinition, and cne that hes beceme popular among scholars, s that 8 weilend & an ecolone,
oF transition pome, existing batween dry land and water, such 83 along lakeside margins,
dams, rivers, and intermitent blackwater river channels (Chomba et al. 2021)

Anciher suitable detinition of a wetland is “an ares of soil covered with water or [ihai] has
water close te it surtece all year or ai some periods of the year.” [Adeeye el ol 2022, p. 11,
This definition emphasizes tha condition of watlands baing transition zones that are nalther
complately dey nor fully submerged under water — It #lso impeesses ihe idea that & weiland
i simply S0il in & waler-saturated state, A further definition by Greenway (2004) termed
watlands a5 "areas that are permanently or periedically Inendated or saturated by surface
or groundwater and suppost the growih of aouatic vegetation” (p. 4921 Greerway's
dgafinition challenges the gualification of artificial reservers as wetlands since pouaths
vagetation does nod theive sustainably im these catchmenis. Despite the varying definitions,
the consensus iz that wetlands are the in-betwesn of waeier bodies and land, Their
transitional character positions them as intermedate buffers between terrestrial and
pquatic ecosystems. Some oxperis have aven regorded wetlands as nafure’s “kidnays™ dus
o their intrinsic ecosystemse Tilbration function which improves water quality (Mitsch &
Gassedink, 20001,




Hatwral Watlands in Africa

The wellands of Alrica are U most econsmically imporiant acosystem to human beings for
mary repsons, These ecological expandss promole the welfare of millions of pecple. not
least becouse of their invelvable contribution to climate regulation, hydrological and
baogeochemaeal eyele balancing, bicdiversity protection, and livelihoad sustenance (XU et
al, 2019%. They also Tacilitate water purification. groundwater discharge and asquiler
racharging in freshwater ecologies. soil evoshon control, and carbon sequestratson’storage
[Thamaga ot al., 20221 Wellands also possess mmique scological qualithes hat Sere as &
sustainable source of lood and habitet for vast species of flors and fauna (Steinbach et al,,
2021}, Local commumnitses bamaiit irom a wide variaty of staple supplies, including weaving
raids, Todder for livestock, wood Tusl, and downstream amenities swch as nulrent retenlion
and Tlood conitrol (Mutanga af al. 200¢; Thamaga ot al, 20221 Hydromorphic scils and
hydraphytic plant species critically contribute 1o the hydrological oycle. which then
facilitaies the supply of sustainable goods and services (Thamags et al. 202),

Africa’s naral poor remain significanily dependant on watland sendces to offset the etfacts
of drought and crop Tedure, Famdies prefer utilizing wetland services for subsistence dis 1o
thair higher agriculiurel productivity and aguatic affluence whech facilitates fishing
activities (Mitchall, 2013}, Water abundance and sustainable soll fertility renders watlands
more suitable for larming activities than degraded traditional farmlands (Steinbach et ad,
2021}, Tharefore, to the indigent African subsictence farmer, these is higher agrcultural
patentiol in farming within wetlands, a irand that has positioned these ecosystems at the
hearilend of agricultural devalopment in sub- Saharan Africa (SSA)

‘Wetland ecosystems generato the highest global economic value per hectare, aceounting
for about 4% of all ecosystemic benefits available 1o humans (Xu et al. 20130 The
Convention on Watlands of Intarnational Importance, or the “Ramsar Convention,” is the
intergevernmental body respongible for the protection and consereation of wetlpnd
habdtats arcurd the world, At present, 2518 sites are catatoged in the Remear List,
spanning 172 terrifories worldwide and covering owar 257 millicn heclares (Ramear, 2024],
Thasa sites sccount for about 146-17% of the total global sxpanse of watlands, which is
astumated to be betwesn 1.5 and 1.6 billion hectares {Comenthan an Wetlands, 2021},

Collectivaly, wetlonds occupy abeut 570 milllen hectares, or 6% of Earth’s surface, and
form a habitet and breading ground far 40% of the plenat’'s flora and fauno (Mandishona &
Knight, 2022: Sinthumule, 2021; Thamaga ot ol 2022 United MNations, 2024a),




Alvica’s wellands occupy 4.7% of the twotal sub-Saharan continental landmass
{epprocimately 228 million hegtlares), 8 propertion which ncreases to about 6% with the
inclusion of rivers, lakes, and reservoirs (Rebelo et al, 20010). Floodplains and freshwarer
imarshes are the most prolitic Iype of wetland in S5A. sccupying roughly 69 million bactares
({Aabela et al. 20100 Lerge watlands account for 207 millson hectlares (B0%) while tha
remaining proporiion comprises emaller wetlands such ae rivering Nloodplaing, saasonal salt

pans. and artilicial wetlands Including dama, pits, reservoirs. waslewater trestrmeant
gatchments, and canals (Mitchall. 2003; Ramaar Convention on Wetlands, 20160

The Geography of ATrica's Natural Wetlamds

This Ramaar Corvention classilies watlands into five magor 1ypes. Mafing watlands comprisa
coasial wetlands such as lagoons, coral reefs, snd rocky shones. Estusring weilands
comprise delips and mangrove swamps. Lacustrine wetlands are thoss pssocipted with
lakes, while rivering wellands occur along rivers and sireams, and palustrine wailands
ENCOMpass marshes, bogs. and swamps, Ramear turther adopts the Ramsar Classiication of
Wetland Typa which lists 42 destingt wetland types, In total, Ramsar lisis 425 wetlands in
Alrica with & land coverage of 111 million hectares [2ee Figure 1) OF these, 367 ara inmand
wetipnds while 148 are marine or coasial wetlands, Between the two categories. there ara
10 human-made weilands, accounting for reughly 33% of pil Ramsar sites.

heast of the world's watlands are I Africa with tha largest incliding the Okavango Delta the
hasing of Lake Chad and Lake Victerla, tha Sudd cn River Nile, and the deltas in ihe Conga,
Higer, and Zambezi rivers (Schulji. 2000), Eastern Africa has an expansive resanoir of
watarbodies nestled within tha Rift Velley, Wetlands of the great lokes — Tanganyika,
Echward, Albart, and Kivu — have steaply inclingd fault lines which restrict them to the litoral
rones of thase lakes {Demny, 19683), Kigei in southepstern Uganda is also home 1o & serses of
walley lacustring wetlands such as aleng Lake Bungonyl Laka Midlehe, and Lake Mutanda,

Furthee, aleng Africa’s coasilines thrives a combiration of saline and brackish weitlands,
including the Eastern African mangrove forests extending from Eiemayu to Maputo, and the
Wit African coastling siratching from Angela to Mauritanin, North-West Africa comprises
mland pases, such as wadis and chotts, and lagoons such as Sidl Moussa and the Qualidia
lagoon In Moroceo, Seuthern Africa s homa fo the great Limpopo River flocdplain, the
Mikura River system, thir hyl River floodplain, ihe pans ot Lake Chrissle and west of the
Orange Frae State, and coastal wailands like the Lake Sibaya floodplain and the S Lucla
wetlands [Denny, 1553,




Figure 1. Ramsar siles o AFri s consenrated @ thres main fegwes — Mortham Africa, Wil
Alich, and EasiiSouthain Africa, ago Cradil Risdar Silias Informiling Seovcs,

Why Should Anyone Care About Wetlands?

Thee Alncan continent experences and and semi-and climate conditions which render freshwater
bodies a ranty (Schuyt, 20045). Africa = one of teo remaining regions. alongside Cantral and
Seaithemn Asia, which coMinue fo expenence water shorage (United Nations, 2024k, Whis
Africa may boast an abundance af heshwater nvermne and laoushning esoresirs, 1hese ane
ursvenly dispersed acress the conbingnt’s geophysical expanses (Papa et al., 2023} Presently,
13 Mdrican states, elose 1o a quadtsd of the continent’s consliuents, sre cilically waled insecuis
(Ighober, 2023} This means they are either water stressed, with per-capita access of bess than
1.700 cubic meters of freshwater annually. or water-scarce with an annual per-capita access of
less than 1,000 cubic metors of water (United Mations, nad.). &n extra 20% of Alrican states am
expeched b enler (e waler streds/scantily Brackel befode 2000 [Schigl, 2000). Faced with
these increddle odds, a signdicant proportien of Alrica™s inhabitants has resorted to partial or full
dependence on wetlands as a source of freshwater and micronutrients for sustemance and
productivity, Tharetone, sustainably managing wetlands is critical tewand the long-term econnmic

warlfare, saloly, and sustenance of many Alncan communibes.




Despita the whdeniable aconomic and physical value of wetlapds, they remain soma of ha
mpsl undaresplored ecosyetems in Alrica, Similarly, existing wallands are undergoing
polentially severe modifications and  reclamation.  Besides wetland resowrce
avaraxploitation, wpstream welland meditication and development aflects the volume,
spoed. pnd guality o the water feeding these wetlands (Schuyt, 20051, One imporisnt
factar contribuling 10 upsiresm digreplions is limited knowledge smong suthorities and
policymakers regarding the poteniisl ecosysiemic value of weilsnds. Therefore, thess
ecosystems suiter a deficlency of conservation efferis since their degradation is not
considarad & pressing issua,

Authorithes have repestedly made the efrer of Bsswmang thet wetlands have little to no
perceived value in comparison with other Tarmland and hydrologic ecosystems. Dihed
ecologhes thal directly suppert human sclivity are held in highes regard than wetlands due
to thair less Immediate weld walue and delayed aconcmes benafits (Schayt, 2005, As
such, policymakers will often forege ihe alternative of wailsnd protection in favor of
watland reclamation for more tangitde and immediate use, Wetlands thus end up getting
draingd amd altered in preparation for sgricultwal activities and activities such as
hydrpeleciricity generation (Schuyt, 2005L Decision- makers ofien percene these
opportenity cosis o exceed the benefits of sustainable wetland mansgement

Matwral Watland Degradation and the Mesd Tor Consinscied Wetlands

In recant years. 8 troubling trend has emerged: more wetlands have besn detericrating
than have undergone improvement, with the worst affected wetlands. both globally ard
within the Ramsar List, baing In Africa, Latin Amarice, and the Caribbaan (Consentbon on
‘Wietlands, 2021), Wetlands have quickly becoma the most threatened ecosystem, posting
A digappeprance rate that & theice as high 85 global deforesiation (Comdantion on
‘Watlands, 2021). Even mare shocking is the fact that wetlands have detericrated by about
&T% sinca tha 1700s (Davidson, 2014}, About 35% of this loss occurred botwasn 1970 and
25, while approximately 50% of the deterioration cocurred after 1900 (Xu et al, 20018),
This digturhing deterioration in ihe ecologhesd character of glohal wetlands has posed &
dirgct threat fo the lealibood of four billien dependents wha raly on the 5474 trillkon-per-
year gcosystemic velue created by welland senvices (Comeention on Wetlands, 2021),




Evolving trends in land use Since Y970 have had the largest contribution to degradation
across inland wetlands in Africa. Many Alricen weilands Tace the threst of economic and
financial pressure, Tusled by & growing demographic of dependents, shifling dynamace in
land inleresis batwasn private and public actors, increpaing poverty levels, and worsening
acoramic times amid the gnslaught of droughts in the continent (Mandishana & Krighl
2022) AL the roat of these problems iz the disparity in stakeholder interasts in laying
claima on wetland utilization, Such conflicia of interest will alten resull in B struggle of
conlrary apinions with stakeholders using policy-driven incentives as ammuniticn, Thase
conflicts aleo resull in wetland protection disincentives whesaby slakeholders interasiad
in wailand reclamation overshadow any calls to action for conservation. Other factors of
degradation include urbanizatson and urban encreachment. pollution. species ivasion. and
water Now diversion [Mandishona & Kngght, 20221

Unioriunately. wetland degradation is virtually irreversible due to the sensitive nature of
these ecosysiems— protecting and consarving the ecologicel cheracter of Alrice™s
wetlands has thus bean a key objective Tor conservatkon efforis in Africa [Sinthumule,
20210, The highest preority in witland management and conservation afferts in Africa is fo
facilitate clean waler provigion in water-scance countrias, Grean technolagy has been used
b0 Ireat wastewaber peior 1o rausing it or releasing it into the natwal ecosystem, Parhaps
tha most prolific yet cost-affective green technology |5 an artificial or constructed wetland
1CWL A CW reters to a shallow trough containing Tilter material ke gravel. with vegetation
that persevedes saturated conditions planted atop, and with wastewater ilowing pcross
tha surface or within ihe substrate metered by a depth controd assemblage (UN-HABITAT,
2008). An artificial wetland is @ biological treatment system since it relies on dhizospharic
=0l processes and microbial activity to purify wastewater (Kappelmeyer & Aylward, 2018}

African countries with arid climates use CWs to treat wastewater and offset water stress,
For instance. Algeria & the most atfected Morth African country in terms of climatic
conditions and woter stress. Drastic climate change and a high popudation growth have
aggravated the water scarcity situstion, Freshwator supply is currently at 600 cubic
maiers per caplta which borders on absolute scarcily (Bouchama, 2022; Unltad MNafions,
nd). These statistics cotegorize Algerin as water-respurce poor —seversd factors can
axpdain this siteation, First. Algerla receives a mere 200-400 mm of rainfall per annum
worsanad by the effects of climate change. In the Saharan region of Morth Africa, rainfall
typically drops bolow 100 mm poac OFf the 24 méllien square kilometres, over 0% of
Algeria's landmass ke desert land {Bouchama, 2022k The harsh ard and semi-asid
conditions render Algerin highly waingrabie and prons (o desertification
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Second ig increaged water demand disa 1o 8 Large inhabdtant population, which ke groem by
a facior of four ower the Last 40 years. Forinstance, there warg 43.9 million people in Algeria
in January 2020, up Trom 41.3 million in 2007 {Oifce Mationale des Siatistigue. 2019, as cited
in Boucharma, 2022 The third reasen i that most dame supplying water 8esoss the coEntry
have losi their capacity due 19 podf maintenancs, Fourth, increased industrial aciivily
increases the redesse of untrestled affluents which poallute surface and undaerground walar
and caude salination (Hamlat & Quidoum, 2018). Finally, Algerta ks yet o widely adogd non-
gonventional watar ireatment methods for wastewater purification and cesalinization
|Bouchama, 20221

Given the plethora of challenges triggering the high dermand for water balbnce, countries
like Algoria contindg [0 espouse non-convantional waler reatment methods, including
desalination ard wastewaler reuse. Over the last few decades, counires have enecied
large- and small-scale systems to mimic matured hydrologicel processes for iImproved water
qualily. Key among these systems have bean CTWs which have gained considerabls
popularity in Alrice. Wastewater reclamation using CWs hes bocome widespread due 1o
thiir low-cost. simplified design. and varsatility, The pretorential use of & CW over & natural
wetlend system (s rooted in the Tect that CWs ofler a higher degres of conirol and
contribute 1o the protecticn of natural wellands.

The Woerking Mechaniem of a Constructed Waelland

In a CW, specinlized fauna, called helophytes. interact complexly with microbes within a
filter matrix such 85 soil of graved. Wastewater is ihen passed theough this system and ig
decontaminated through processes such as precipitation, sadimentation, adserplon onio
the mairiy suripce, microblal alterations. and root uptake by plonts (Hpppelmayer &
Aytwand, 20181, As wastewater percolates through the wetland substrete, permanant
lpcaotized transformations ocouwr and acilvate conteminant degradation. The guality of
wastawater treatment redles on faciors suech as level of contamination, light intensity, and
climatic pprameters. CWs provide & wastewater filtration system that handles inflow fram
ditferant zomms including domaesiic sewage, agricultural wastewater, stormwater runoff, and
industrial irachate, CW's can sithear hove a floating plant mat setup or matriz-based setup,
complatedy submarged or with cnly the ropis submerged whele the lepves float over, with
froe surface flow (FSF), horizontal flow (HF) or vertical flow (WF) root system, and with
surface or sub-surface flow (Kappelmeyer & Aylward. 2018),




A submerged CW is one where plants grow entirely under the water surface allowing
stems and leaves 1o provide exira suriace ares for the biofilm, Howewer, water can
somatimes block gut suntight penetration which slows down photosynthetic activity,
Thizrefare, surface watar must have a shalkow depth and be 8 claar as possible, Since
submerged systems are rarely used, 8 rooted plant setup with gither horizantal flow (HF)
or vertigal flow (VF) s more comman, When water inflow gits aver the supporting matrix

surface, this ks a surface flow constructad wetland (SF), However, whan it is badow the
topmaost layer of the supporting matris surface, it is a sub-surfece flow (55F) setup,
Hybrid setups combing two or more typos of CWs, connacted in series or parailel
configurations te eptimize the treatment capabilities of & system. For instance, for
beiter wastewater denitrification. & combination of 8 single-stage horizontal S5F CW
and a VF would ba ideal,

Conatructed Wotlonds in Africa

Thiz section will compéle axisting Literature on the most impertent CWs in the four main
subregions of 55A: Northern Africa, East Africa, Wast Africa and the Sahed Ragion, and
Scutharn Africa, There will also be a brief description of impartant CWs in ContraliSouth
fsin, which ks tho only other water-stressed reglon basides Africa.

Merthern Africa

Tha Tidill Masfioua Hybrid Constructad Watland

Thiz Tidifli Mesfioun HCW is a full-scale CW in Marrakesh, Morocoe. Built in 2014, the W
combings 8 VF-CW and a HSSF-CW o treat the wastewater collected from 1,844
inrhabitants iMandi of al.. 2022, The first stoge in this two-stage system comprises three
VESF-CWs in parallel configuration, while the second stage comprised two smallor
H55F-CWs alse in paraiiel (see Figure 2) (Hdtdou ot ol 2021). One of the VS5F-CWs s
photographed in Figure 3.
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Fisndimg for this project was o collaborative atfort betwean the LS. Agency For International
Dervalopment (USAIDN and othes stakehdalders. The Tidili Mestioua HOW was the teesl CW in
Marscod 1o oparale undes the management of Tissdtle Azsocinlon Tor Developmant (ATD], a
miral loced RGO, in close collaboration with Cadi Ayyad University (Mandi et al., 5022} The
mamowal efficiency rates Tor this CW average appergximately 91.4% for chemical axygen
demand (GO0, S347% for bDiological cxygen demand (BODSL and S4.83% for total
suspended solids (TS5 (Hdidou et al, 201 The itreated wastewnier from the Tadili
heastiouwn HLEW complies with Moraccan and WHD stendands 10r irfigaticn water guakity.

Figurn 2. The ten-s1age CW configurotson comprises throe VS5F-CWE in paraliod in tho
firan sarnge and ivwg HSSF-CWa in 1ha sscond stago Proo Credel: E] Farsgsd gf o, 2015,

hiEpeiiwers Boanco rop be

Figure 3. G of (ke od VESF-CWe congtituting 1R finst aage of the Tiddi
Mestious HOW. Screanshot Credil: You Tube, it ps e out ube comdwatch?
e T etk




The Asselds CW

The Asielda CW was established in 2015 (o eal domestic wastewaler from 1,260
mhaitants in Azselds village, Al-Heouz, Morocoo. The prajest was Tunded by the Drosos
Foundation [furkch) i collaboration with Association Marocaing de Soldariiéd et de
Ddwaloppement (AMSED), the Asalda village NGO, and lacal atakaholdars. Tha CW conlain:
& sell-priming siphon which leeds into three YF-CWs configured in parallel, vegeiated using
Phragmites australis, gnd & subsequent maturation pond {see Figures 4 and 5i The project
racarded & high removal performance & 93% for TS5, BE% for BODS. and 8% tod COD with
& modarate ef ficlency of 55% for totad nitrogen (TR remavel and 55% for 1ol phosphorns
(TR} resmeaval.

Fipsos 4 An @eriaol viesw of thi Asseids CW. Fhaio Creditl: Engell 2005,
TR e e, 8 bl o2 P e i Pt 5 ol - B 2 PR i b o Ll B el
EruE ) - wyires e Ty - glokss- 0wl or wa sl own et Eresi mand oo

Figurng 5 Ona ol the 1Besd YE-CWs in the Asselda CW, Photo Cradit Mand ol al.,
2002, hattpac) Yool cong M0 BT B 31 03600-2 1
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Brézina CW

The objective of this artificial wetland = 1o extend presdsting wastewated treaiment
capacity by the naturasl system al the Brézing Oosis, localed south of El Bayadh, Algeria
{Bouchama, 2022, The progect alse aims at producing highee gualily wastewater through
the phyteremediation model which resulls in casis recovery and protection The Brizing CW
project was Tunded by the Food and Agriculiure Organization (FAQ) of the United Naisne
{FAD. ndl The Brézena CW I8 a hybed system combining 8 HSSF-CW and FSF-CW In
parallel, vegetated with 8 mix of drought resistant snd snaerobic plant species (see Figure
Bl Tha rempval efficiency for TS5 and BODS is 82-91% and 67-84%, respecirly. while
todal caleium (TChard TP reduce by $8% and 80% respectively (Bouchama, 20224

Figirn 6. & wicke-anghs view of this Fybad sysiam in ihe Brézing CW contigured in
parallal. Phata Credit: Dowchama, 2022 hittosidouorg L1007 0TE-3-03-03600-2 2




The Tamacing CW

The Temacine CW is bulll near the small town of Temacine, South o Touggourt city, Algeria,
It was co-fundad by the Algerian Government thrcugh the Mmnistry of Water Resources
{MAE], undar the Dapartmeant of Samitation ard Enviccomental Protection [DAPED and
Temacing town. The project recaived suppor from the Belgisn Technical Cooperalion who
facilitated research and training for tha project (Nelson et al, 2008} Temacine OW treats
effluent from the rural and urben localitées of the Ksar Temacine vilage, The project adopts
& two-stage crescent-shaped HSSF-CW design vegetated with palm fiber along with 23
other arigity-resistant plant species (soe Figures 7 and Bl Tha CW can treat 15 10 22 cubés
maters of wastewaler per day which converts toeffluant trom 100 1o 150 people consuming
about 150 liters of water a day. The project’s removal effliciency for TSS is 70-90%, COD is
BO-891%, BODS s F9% 10 $6%. TR betwean 51% and 38%, and TH Deiwaen B4 to 99%

Figuren 7, Siche vy §howisg ofe tp ol e Temadine OF, Phabs Comdit: Balkaii,
el 303E bnpeer el aogr D 2 ea e BOEE 2

Grmwel bed

wiler kvl costiol

s Wt Chaliet

Figures B &n ilustratee of the design and working princplo of the Temacing CW,
P Cradil: Bakkpim, @1 ol 20FL, MEpac idod s 10 P 3860 wi s 20T 243
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The el &l Doukhan Wastewaler Stabilization System

The Algerian government funded the Mzsh wasiewaler treaiment plani 83 a natural
lagoon treatlment project designad for environmental preaservalion and saleguarding
waler resgurces in El Atteul, Algeria. The natural Lagoon sits on an ares of T8 hectares
and iz designed 10 [real waslewaler in a thres-stage process Tollewed by sludge
dewatlering dwring drying (ses Figure 9], The treated water is then reusad Tor irfigation.

Figurn B Agrind wiow of tha Mzab wastowsior stabilization system Photo Cradit
Bouchame, 20EL haene ol cog 00, W OTE-3-001 -03600-2 2




The Gravel Bed Hydroponics (GEH) CW in lemailia

The GEH system in Egypt was established 1o rests sewage water through & GBH CW in (e
ramote village of Abu-Attwa in lEmailis 11 = jointly oversesn by the Suer Canal Uiniversity
and Portsmouth University |EL-Senahy et al, 2014 Getors the construction of this CW,
wastewater troa this village was discharged o Temsah Lake conlaminating the aguatic
ecosystem and resulting in 8 puirid smell. The GEH CW i 8 two-siage sysiem configured in
saries and with six parallel channals within each stage [see Figura 100, The removel rate for
BODS, TSS, and MHA-N ranged betwean 70.3% and B3.2% |Abde]-Shaty ot al, 2022,
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Figrara 10, Shhucfure of the GEH sysbam in Abu-AlTwa showing reed beds and cnip Bids in
sevies. Phodo Credit: EL-Serehy of al, 2004, htdpsidolorgMOU1006 s | bs 20E3.1L.003
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Decantralived GAH CW in Sinai

Similar 1o the GBH in lsmaiia, the CW in the Sinai Peninsula, Egypl. was designed 1o serve a
larga village and its environs. Further, the Snai wastewater system hag six recenving basing
with valves —each Dasin =plits to form Dwd GEHW channels. In total, the CW has 1€ GEH
channels. The channels have egual width and are elongated (100 matess] Lo intrease
subsirate area (see Figure 1),

Figgurd 11, channgls in 1hs GEH CW at Sinai, Fhalo Credit: Abdol-Shaty &1 al, 2022,
Mipssidesarg DA TATE-3-031-A600-2_5

The Sekem School Wastewater Treatment Program

Thie SEKEM CW, funded by the Sekem farm, performs wastewator treatmant for resse in
fertigating agroforestry plots. The project is in the Bilbols area, northoast of Caira, Egypt.
The abjective af the project is to combine European and Egyptian agricultural practices
to manoge wastewater and reuso it for timber irrigation (Eifein ot al. 2006 The
wastewater s 100% domestic and emanaies from a population of 500 stedents, 100
affice personnel. and some residents, at 20 Liters per person doily = the total discharge is
nbout 156 cubic moters per day. The SEKEM project foeatures an HF-CW built in 2007
accupying about 200 square meters. Filtered effluents are ressed on Gimber plantations

for product packaging.
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N ACADEMI(

a: A Review of the St

Lake Manzala CW Praject

Condruclion of the Lake Manzala CW begen n lanosry 2007— was an ares of 100
hactares spulbwest ol Part Sasd City in Egypl. The project was co-Tunded by the Glabal
Emviranmental Facility {GEF], the United Mations Development Program (UNDF), and the
Egwptian Enviconmental Aflaira Agency (EEAA). The rated dedign capacily for the 0N was
25000 te 50,000 cuble meters ol wastewsier per day supplied ihrough the Bahr-El-Bagar
drain. The goal of the project was o improve the guality of water in Leke Manzala (see
Figuire 121,

Figurn 2 Trogted waber from Eho Lados Marzals CW. Phodo Credet: Mamon, 2022,
i bpse oo Lo g KE O ML ajar 2022 02 002

The Lake Manzala CW has resulted in numerous banelits, Ervirenmentally, it treats 25,000
cublc meters dally 10 help regenarate and sustean the lacusiring ecosysiem, prevents
lacustrine pollution, and promotes cropifish farming, Socially. the CW has provided job
opportunities o locals, facititated workshops and training torums for ralsing awarenass, and
has lad 1o the establishment of a dedscated research center for CW techrology dovelopemant
in Egypi spearhepded by the Notional Water Research Center, Economically, tha projoct has
contributed to annual cost savings of ower ST00.000 in water treatment. has increased
agricaltural preductivity, increased fishing sctivity, and produced blofusls (Haroon, 2022}




East Alrica

The Chemalil W

This CW was buill lor the managemant and treaiment of industrial wastewater discharged
fraem the Chemedil Segar Compary, located near the banks aof a tributary paurmng into the
Hyando River in Kenya (Oketch, 20061 The BODS effluent discharge rate al the Chemalil
Sugar Factery is arcund 2000 kg per day, the highest of any industry in the vicinity, The G,
configured i HSSF formatl, was Buill 1o sahance the efficiency of the 12 preaxisting
gahation ponds. The LW was Tunded by Chamelil Suges Company Limited

The Momibasa CW

Congtructed in 2007, the Mombasa housing estate CW was the Tinal push toward redesming
the esiabe sewer system from ihe poorly functioning sewage soak pils and infiliration
ponds, GreenWater stepped in 1o rehabilitate ihe system in compliance with the MNational
Enwironmant Managoment Authosity (NEMA] discharge-to-ensranmaent standards {den
Haring, 20221, For this praject, GreenWater repors 8 waste remeval afficiency of BE% for
BODS, 86% for COD. and $4% for TS5 (den Hasing, 20221, Funding and oversight for the
project was 8 collaborative affert of the former municipal councll, now under the County
Government of Mombasa. the Waler Resource Authority (WHRA), Mombasa Water Supgly and
Sanitation Company (MOWASSCOL, and NEMA,

Figure 13 is 8 schematic repoesentalion of the Mombosa CW ilustrating the layout of flow
bt blofilter bode, and water ponds across the W00 sguare-meater rasidential area. The
CW I5 Im service of abeut 2833 people lking within the Mombasp municipality, About B
of the water consumed by this population {about 210 of the 263 cublc meters of water
supplied por day) becomes wastewater, The Mombass CW has a hydraulic retention time of
about 6.8 days, GreenWater nspects the treated woater samples ot threo-maonth intervals as
spacitiod by MEMA, The samplng location = the Last outlet, atter which the treated water is
rainjectad into the seasonal watarcourse (sae Figura 13),




/
sewagn Fom Estate

'|

Figura 1. Aurip] schenptes of tha Mombais CW, imags Coedil: den Haring, 2082
hitps ool crg 0 100HETE.- 3.0 03600.2_8
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TAINABLE VISIC

The Kinglisher CW

Ax one of the biggest and aldest CWs in Kerya, the Kinglisher CW is arguably among tha
moal important artificial watlands in the country, Sendang 85 8 consarvational resgurce Tod
Lake Mpivasha, Homegrown Henys Lid, ome of the largest growers of fresh cul roses
worldwide, Tunded and ratains awnership af this CW. The siudy by Kimani et al (2012)
showed that the Kinglisher CW was highly efficiant sl wasiawater traaiment and could
ameliorate tocolized podlution sources that mey affect Lake Maivesha. The CW also
subslantively prevents wastewaler surface runol, excessive water abatraction and
contrelling invasive welland species [Kimand et al, 2012),

Thae Mulji Devraj CW

This CW, situated in Kiembani Estate. Mombasa, Kenya, trepts waslewater for cumrent and
emerging housing projecis in three locations arcund Kiembeni Estate (see Figure 14). The
Mulji Devraj project combines exidation ponds of 2,200 perscn-eguivalent (PEL 8 watland
syatem of 2,600 FE. and designing waste stabilisation ponds of 10,000 PE. This project
was done by GreanWater and Tunded by the Muljs Devraj Bullders and Brothers company.

Figune 14, The Bl Dewra) CW i Mombasn. Phoio Creded. Grean 'S e bes,
P! e E Nl wi | 6F S Chan 147




The Kivikoni Schoal CW

This wasd lewater reatment and recyeling project in Kilili County, Henya, comprizses of a CW
bailt by GreanWater and funded by Kivukonl Schoal. The project was implemanted as pari
ol the achaol's misskon 1o build an entirely off grid solar-pewered ecosysiem comprising a
wasiewaler treatment CW amd an culdeor leaming ervirenment {see Figure 15) The
complaibon of this project certified Kivukond Schaol as an Eco School,

Figers 15 Tha Baakosnd Sebiceal OW in KBS Coonly, Phote Cipdl. GrisniWate,

Pl ST Wbt

The Rijk Zwaan {-3em Seed Farm CW

GrasnWater erected the O-Sem OW in Amgsha, Tonzania, 1o sllow for the ireatment of
agricultiral efflusnt 1ar recycling. The combined CW and biofiliration Syatem can clean
aboul GOm® of wastewater pir day with plang b expand this capacity to 150m? per day (See
Figure 16L The project was funded by RZ O-Sem Lid. fhse Tanzanisn branch of Dulch
company Rijk Zwaan
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TAINABLE VISIC

Figurn 16 The O-Sem Seoed Farres OW with blpck linings Wed oul o provent was brsai or [ealagn
inha surdunding ground anaes. Pha o Cradil: Grasa'Wilor, hElRe sewe, groan-wnbod o g il

The Tambuzl Flower Farm CW

The Tambuzi CW in Manyuki, Kenya, was spearheaded to treat packhouseflaundry effluants
from the flower farm and wlilize the treated discharge for recycling purposes. The CW
comprises of a reed bed and bisfdiration system with a treatment capacity of up to 50 cubic
mealers por day. The CW combines papyrus and water hyacinih recd bads with water ponds
{see Figure 17, The fiower form currently frests 50% of its grey water and rewses it for

irrigation (Tambus, ndl.

Figure I'T. The Tambuzi Flower Form CW with papyrus and waier Fyacinth reed beds.
Prwat o Crmnn: Coorged e i D, P i oo 3 rlsiie - e e et sl L}




The IMCeW Praject

The IMCoW Project —Improving Mowapa Cresek wates guality by use of Construcied
Watland Technology —i8 & reglarative project co-Tunded by the Henya Mafine and
Fesharias Research Institule |(KMFRI} and the Kenya Frigon Service (KES) for the Shimo
La Tewa Prigon (SLTF) sanilation system in Mombasa Counly, Henya, Contributing
partners for thes project are SLTP, GreenWatar, and NEMA. The ohjective af this CW is 1o
improve the consarvBtion oulcomas of maring resources at Miwapa Creak by reducing
the aflect of land pollutants emanating from SLTP and optimizing the operational
affectivenass of the prisgn's CW in treating wastewater. The specific objectives of the
IMCoW Frogect ara to rehabdlitate and improve (he state of the preaxssiing SLTPF CW (sae
Figura 18], imgrawe sanitation at this cormactional facility, and incraase faod security Dy
using treated water for crogdtish farming.

Figura 18 An aerial map of SLTF and ihe locaton of each comporent in ihe prison’s
el DEWA I G cha rgl 3y &0em Phatn Cradic UMER B P oll Conyvin s, 2015,
il A g e rarbicarramn Biom.or g cloasi ng s adinode 380 5
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The newly rehabditated CW hag an expanded capacity that handies the prisoms daily
wastewater discharge of Detwean 300 and 400 cubic meters, The CW consists of Two HF-
CW's conliguned in pasallel which discharge the reated waler inlo an elevated rigation
tank (eed Frgura FEL

Fiigure 19 &n seriaf map of the coment I:-.'-:n.-'-r-:-:-':-:lla ng the O/ and |he-.-:|n:a'-:nl:-‘II'-tHF-l:'h et
Phesda Cred i IINEF & Madnebs Carreenilion, 20159, g | fnak i vl il v e b i (i Eli,

The project continuses o conirnbute adbansively (o the ecosystamic wallane of Miwepa Creak
s it replaces the previsuely dysfunctional asples ayatem which recullad s Contamination al
Miwapa Creek and in the Indsan Ocean The wasiewater posed a public health hazard,
dEsiabilized the lecal maring acgdysiem, snd compromised tourism halepols such as coral
reels and mating parks (DReyo, 2024} Thie OW'S removal eTHelency Tor TSS is an imprassive
T974%. The swccess of the BMCoW Project is a leap forward not only in improving
acasystemic sustainabdity but also by empowering bocal communitios through a safe

amdronment,




The Shar CWe

Shes Ethiogis PLC, the owner of the world's biggesi rose nursery, funded Tour CWs with
thie objective of obtaming as much unconlaminated water thiough trealmant as
possible, and 10 make it dischargesble inlo Ziwey Lake without any ecolegical
ramifications. The project was in parinarship with ECOFYT. Kopperl, Wageningan
University, and IDH, and was designed by the Duich mstitution Wageningen University
and Ressarch Centre. Docupying & land area of 180 square meters, the CWs adopied o
hybrid design comgrising of a first-stage HF-CW and & second- stage VF-CW {see Figufe

20,

Figung 200 OW with mater pors, Photo Cradit vam Dien, 2022,
Btpss e org M I00 FAATH-3-031-03E04)-2 7




The University of Dar e Salasm CW

Betare the year 2000, thare ware no wakiewaler ireatment CWE in Tanzania, AS such when
tha Universily of Daer es Salpam (UDSM) commissionsd 8 ybrid system 1o manage and reuga
its wasiewaler, thes was an imporiant steppingstons lor CW utilizatan in the couniry, The
syslem combined SSF-CW and waste stabilizaticn pends for & remaval efficiancy of BO% for
TS5, 66% Tor GO0, 3% for Tecal conforms (FC), and 80% for total coliforms (TC) (=ee Frgure
210, The UDSM project proves that CWas, if well designed, managed. and operated, can hove
afficient outcomes and be an economasal chanrel Tor imgroving the quality of treastiad
wastewaler (o acceplable reu=age standards,

Figure 21, Schemalic showing SSF-CW arrangemen| Sor Tha LS CW,

The linja Kirinya Sewage Traatment Plant

The Kirirya Weaal naturs]l wallend lacated in Jinja, Ugsanda was asrmarked [0 fecsive
treated water from the linga Kifnga Sewage Treatment Plant which ig Tundad, owned.
and ogerated by the National Waler and Séewerage Corparation. The 320 sqguare-meler
HF-C'W processes ansarobic effluent from the Lings Rirings Sewage Traatmant Blant
through eight compariments vegelated with Cyperus papyrus. The CW has resulied in
woler guality improvemen! with a8 removal efliency between 61% ard DAY Tor
phaepharic and ammaoniacal FC and Balween B0% and 98% lor nitregenows FC.




Wast Africa

In & recenl paper by Compaord et al (2023), reports aboul the scarcily of research on
artificial wastewater treatment across SSA. especially in the Sshel regien, presents a
challenge in investigating the benefits of CWs. Litersiure aboul W periormance in
wastewater liltering among West Alrican couniries is scarce; in Tact, Tor couniries like
Senegal. CW projecis beyond pilol plani tests are nonexistent (Compaord ei al 2023;
Torrens et al., 20200 Tharefore, this stedy will only cover relatively recent reseasch on GW
projecls in Migeria,

The UNILAG CW

The University of Lagos (URILAG) Tunded and commissioned 8 CW 10 treal waslewaler
from the institution. The system contains a primary freatment inceptson chambor which
soreens. ofl solid effluents before the westewsier s channeled into the CW. The CW
containg six SF cells, each measuring & by 7 meters. and with the first entrapment
vogatated with hyacinih, The remaining five contain grovel and ocean shanp sand as
substrates vegalated with common catiail (Typha latitolkal Tha UNILAG CW has recorded
ramoval efficlencies of between T6.53% and 92.66% for BODS and TC and thus highly
affickant at treating sevwage (Mustapha et al. 2015),

Thed Kaeluna CW

Similorly. the Hadune Refining and Peirochemical Company (Migerial comamissioned &
secondary wastewaler treatmant system was contining slx VS5F-CWs vegetatad with
Cyperus alternifolivs and Cynodon dactylon species to treat factory effluenis. The CW
racorded high removal rales ranging between 43% and 85% for TDS, BOD, COD, turbidity.
ammanium, and phasphate remoeal using C. alternifolivs. while o range of between 42%
and 82% was reported for the G dactylen species. The Kaduna W demonstrates the
effectivenoss of The two plant specis n treating wastewater
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Fouthern Africa

Botewann

Soma significamt CWa in Botawana include the Thuse Rehabilitation Center CGW Built in 1554
in aun, the Karnya Prigon CW built in 1997, the Mokolodi Nature Resarva CW, the Ramatea
‘Wocaisonal Training School wastewater treatment W, and the Tonoia College of Education
CW. Gamesan (20000 noted that remowal effeclency tigures from these CWa showed “very
good [rasulls demonstrating] high efficiency.” [p. AZ-TL Tha Gindings reporied reductions in
F ard high-effaiency BODS (between 72% and 359%) and COD (Detween G 1o 99%)
raductions. Removal efficiency for TH and TP averaged almost 100% with other substances
like nitrate, magnesivem, and iron showing manimal prosence in the treated water (Ganesan,
ELHN0.

South Africa

Among all countries Im 55A. South Africa has perhaps the most comprahensive
documentation of older and newer CWa The most imporant CWs in the couniry are the
Kruger Mational Park and Pilansburg Gams Reserve, Karbochem Newcastle, the Oil Industny
Weatlands, the Atlantls Groundwater Recharge Wetland, and the Sandton Urban Waikands,

Kruger Matianal Park

Thie Kruger Mational Park Tunded a CW that uses an HSF configuration to treal wastewater
digcharged from resen camps, nclding larger camps, [He Skukuza and Lethaba, which
have a capacity of 3,000 people, Effluent from larger camps i treated wsing oxidation
ponds, while smaller residential areas Like Shingwedzl leverage septic tanks. Like the CW at
Krugar, Filansburg Game Reserss alse funded and commissioned an HSF-CW at Bakgatla
Gate to frept ofilsent for their 300-persen resena camg,

A
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Industrial CWe: Karbochem Neweasile and Oil Indusiry Wetlands

The Barbocham Newcasile COW commissionsd and funded by KarboChem (KCh Energy. 2 a
&ix- chapnel system capable of processing up to G000 cubs: maeters of waslewater and
sawage discharged from the Karbochem industrial tacility. The GW receives affluent that
has undergone sedimentation, oil caplure, and activated sludge treatment. Similarly, two
CWs were constructed oil depols 8l the oil depots in Pretoria and Secunda, They wera
designed ina VSF configuration vegatated with Typha plant genus. The surface loading rate
for waslawaled in both CWa i 700 and 400 liters par Square meler per wskk,

Atlantis Groundwater Recharge Watland [AGRW)

The AGRW is parhaps one of the largest CWs in South Africa with & capacity of up to 44,000
cubic maters of efiluant treatmeni per day. It was funded by Atlantis Water Resource
Management Schema (AWRMS) in conjunction with the Ewopean Commission It has an
active substrate capacity of 3000 square meters capable of processing 2,000 cubic meters
of sawage every doy and hes a groundwater nidiration rate of up to 3000 cubic meters
daily.

The Sandton CW

The Sandton CW treats wastewater discharged from ihe Sendion upmarket area in
Gauteng. This CW targets the Sandspruit catchment, ong of the ributasies n the Berg River
basim, which axperences increpsing storm conditions, The vegetation and substrate in the
CW roduce the welecity of the flood water and protect the Sandspruit catchment from
flooding.




CW Frojecis in Water-Sirested Countries Dutside Africa

Pakistan, Central Asia

Pokisians warm climate @& suitable for CW use in wastewater remediaticn since high
temperaiures promote CW perlormance (Paing o1 al, 2015). Al the domestic level, twe CW
projects drew Inlevest The CW commissionsd by NED University of Engineering &
Technology (MEDLIET] 1o tresl wastewater adopted an HSF-CW design which conferred
thie benefit of preventing clogging (see Figure 221 While the average BODS and COD
reduction was pround 50%, much of this underperformance has been attributed o
inbarmittent power outage in the area, SHIL CW performance proved the system's buffer
capacily and endurance 1o ofganic shock loads.

Figurn 22 ELorgn oo pagryrus wigd1ation atop v MEDUET CW, Phata Cradic Mustala & ATz
3022 hitne idolcag 0, BT ATE-3-00-0E60-2 13

The second project waes commissioned al Manora Island, in Kerachl with the goal of
arecting o HSSF-CW system for treating 120 cubic meters of sawage per day. Manora
Island, being completely detashed from the mainland, hed come under constant threa
of freshwater scarcity resulting in oveoraliance on vehicle-supplied water, The natural
seanry in the island's environs had also been degrading due to pollutien (TSN, 2017
The artificial wellpnd was commissicned by the Pekistan Mavy and funded by ihe
Internatsonal Union for Consarvation of Nature and Natural Rescurces (ILICH) to restore
ecological balance ai the island,

Treated water from the Mancea |sland CW has bean reused in sports furt ierigation
grean belt sugienance, and trea planting at the islard. The CW comprises three separate
bads covering 325 sguare meters and vegetatad wusing the Canna indica plant species.
commanly called Indian shot (see Figuras 23 and 24),
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The Canng indica specied has shown proimsing fegults n the axiraction of organs
pollutamts, heavy metals. and emesging pollutenis sech s pesticides Trom pguatc
emdronments (Karongampe, 20220,

Figura 23 flafl] shows the Indian ghad @l 115 buddng g Lagas in 1 Ehiss-Eid CW satem. Figora 24
shiows the plant speckes populating o bed of substraie @n the OW. Phobos Credit: Mustats & &fzal,
POE2, hibpic ! dolLenp B0 100778 -3-031-036500.2_13

At the indusgirial level, Toyota commissioned hybrid fleating CWs et two of thelr carwash
centers in Faisalabed — the gopl was 10 ireal ard reuse the woasiewaier used in these
cemlers. Eleswhera, anethar VF-CW was commissioned by 8 textile factary 2l in
Faisalabad, vegetated with Brachiaria mulica plant species and noculated with dye-
metabolizing bacteria to remediate dyed wastewater (See Figure 25). The combination of
WE-CWs and bacterin use has been effective at extracting dye from the wastcwater.
Similarly. bleached wastewater from this factory is inoculated with bacteria and flushed
through HF-CWs vegetated with L. fusca, The CWs aliminate koth organic and inorganic
poliutants to a maximum removal efficioncy of 86% for COD and T8% BODS,

Figurn 25. Flosting CWs with bacterial maculanis o decompase dye-rich wasiewalar. Pralos
Coeai1: Mustala & Afeal, 2022, Fitpss\dolong OO T =T H. 3.030. 08602 13




TAINABLE VISIC

Thailand, Southeast Azia

The Reoyal Leem Phak Bis Enviconmentsl Research and Developmenl Projecl was
commissionad by King Bhumiphol of Thailand and funded by his gevernment to remadiatea
the mangrove forest along the Bangkok-Pheichaburi beach in Phetchaburi Province
Uitthaisong et al., 2012} Thi goal was 1o consirect 8 mangrove CW 10 treat Phelchabui
Municigal wastewater and usa this (o restore the ecological balance of the deteriarating
mangrove forest (see Figure 261, The hybeed system measured 100 by 150 meters, divided
into four strips of 37.5 by 100 meters, and vegelated with the Rhizophors genus 1o
complement the naturally occurring Avicennda maring, Ceriops tagel, and Brugusera
cylindrica species [Boonsong at al., 2002),

Figure 26, lllustration of the Leem Phak Bia project with mark ed distonces representing the length
of tidalond bEtween tha CW and ik naturnl mangroee systom (Al (ke sxpansa of (ke natural
aydtam [H], ard lergik Brtwdn Tl mangrovd Braal arsd tha Sull of Thaibangd (5

Boonecng et al. (2002) Investigated the removal efficiency for the CW compared with tha
naturadly accuffing mangrove watland. Each syatem pgarformed differently Bcrods various
aspecis: the natural mangrove system kad a lowes pH due [0 detnial decompasilson on the
foreat Tloar, while the CW had more phologynihatic activily owing to lght penalration
thraugh the evenly sgaced vegetation compared 16 the dense natural canopy. While
average BODS remapined comparafively similar, the natwral mangrove system hod a higher
TH remowal compared to the CW, and vorying removad officiencios for HH4-M and 03N
at 3- and Today deiention periods {Bocnsong et al., 20020 Therefore, mangrove vegeiated
CW's hawe just as much potential to treat wastewaler as natwrol mangrowe systoms,
Systembc oxygen and s0il conditions in a natural mangrove system may Umit nutrient
ramoyal, espacaally for nitrggen. which makes a compelling case tor prefering GWs.
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Conelugion

Constructed wetlands are 8 simple and cost-effective solution Lo the curfent waler
shortage ciisis in S5A countries, espacially in Northarn Africa, While countries like Soauth
Africa, Algeria. and Henys have teken significant steps to comemission CWs Bocross
dilfereni paris, most nations, espacially in the Sahel region, still lag in the adoglion and
documentaiion of ariificial spproaches 1o waslewater rehabilitation. Research regarding
proper wastewater rehabilitation practices in S5A s also scarce compared with the
world's developed economies, All this is despile the impodlance of CWs as an
indigpenzable resource for wastewster Tilira tion and pollutant remaoval Trem domestic and
indugiripl effluents, Fulure research efforis can focus more on sensitization and
mobilizing palicymakers and governments 1o espouse CWs 05 & NECESSArY resturcs Il
wosiewpter recyCling. It is more than necessary to concert all eMorts loward sustainabde
water supply in regions like 554 and Central/South Aska whire watar scarcity sernes os
the slaring poini to & viciows cycle of environmenial degradation and human wellara
deterioration.
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Introdustion te Photovollale Analysis - Practical Applications Sub-Project in 2024

This year, several fellows were tasked with planning photowaltaic systems, focusing on applications
for pumps and integrating them with water lowers 1o ensure pressune behind stored water. To enhance
thatir marketability and caresr prospects, we expanded tha research to include photowoltalc planning
for residentiol uge. This initiatie aimed to encourage fellows to apply their training in practical. real-
world scenariod.

Az part of this fellowship, no fewer than ten residential projects were fully planned, complete with
prafitability analyses and system sizing tadored for residentesl applications. Additonally, a faw
commencial buildings were designed in collaboraticn with Flanungsbore Coman in Germany, providing
invaluable experience in commercial applications.

The following reports highlight the oxceptional efforts of the fellows, showcasing thair ability to rise
to the challenges presented. To maintain customer confidentiality in Germany, specific customer data’
has not bean included: instead. we profila one of the practice houses developed as part of the
fodlowship tralning.

This practical training represents a significant mnﬂnﬂmfﬂmﬂﬁuﬂﬂl&ﬂalluﬁnﬁm
angage in real problem-solving, We oxtend ouwr gratitude fo Mendrika Rahajarison for bar oststanding
contributions this year, as she adeptly leamed the necessary Softwore 1o assess the wability of
phitovaliaic syatems lor varous projects in Ganmmarmy.
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ABSTRACT

This paper éxamines the impact of adding ballery storage to & phatoveltase [PV} system for
a commercial building in Genmarny. 18 highlights the various customer goals that influence
syalem design, using a cade stedy to illustrate how defferent objectives —such as
maximizing self. consumption, reducing grid dependency, and oplimizing financial reiurns
—ghape the plamning process. Recommendalions are provided based on the simulatons
conducted, offeding insights inte tha decisin-making process Tor PV sysilem planmers,
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INTRODUCTION

As & new planner in the field of photavoltaic [PV) systems, navigating the complaxities of
designing o system for a commercial building can be bath challenging and rewacding. This
document aime to share the thought process and methodology behind the ploaning and
design of a P sysiem for a commercial buillding lacated in Hameln, Germary. The P system
is designed (o meel a signilicant portion af the building's anmsl enengy corsumption, which
ampunts 1o approximately 65 D00 KWh. This analysis aims to understand the mplications of
high energy consumplion on the system's design and to evaluate the polential impact of
acdng o remaving & baltery. By decussing the key lactors influencing the design, the
challenges ancountersd, and the decigions made, this paper provides insights into the
approach taken far this praject
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. Factors inflisancing the dosign:

‘Sewaral tactiors must be contidersd when planning a PY systéem 10 ansure i1 slipng with the
alieni’s ohpaclives:

1.1, Energy consumplion pattemes

Undersianding the bullding's energy consumpison profile is the mest important task for o =y
syslem which impacis the s@ing. For the Hameln progect the bulding consuimes
approsimately 65000 kwh annually,

This information guided the sipe and capacily of the PV system 1o endura it Could offaat &
signifacant portion of this consumplion.

A comamsarcial building, with this consumpiiomn 1S ot ususlly using elesiricity For cooking and
bathing. 5o this consumgiion can be usad for lightings. heating and freezing.

1.2, Geography and site conditions

The location of the blding plays a significant rofe in determining the system's potential
energy yield. The reof's orientation tit and shading froem nearby structures oF trees must De
considarsd. In this cose, the roof hed multiple coentatons, requiring careful planning to
optimize parel placement.

1.3, Regulatary anvironment

I Genmany. regulations and incentives for PY systems can impact the design, Underatanding
Toed-in taritfs. grid connection requlrements, and encuring compliance with local regulations
are a non-negotisble part of the planning process.

Far this project, wa took
» Foed-in taiff s C007 Kwh,
» Consumprion teatf  C0.38/ KWh,
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L, System camponente:

Thie chaice of FY modules, inverters, and atlr components pleys o significant nole in the
averall performance and cost of the system, The system components should have as basics:

« Solar panels

& Irvertars

= Optimirers

= Battery (if necassary]

L The design process

Tha design process Tor a PV aystem = ileralive. involving rultipls stages of analysis,
sl aticn, and optmazation.

Here's haw we approached the design tor the Hamaln building by using SolarEdge Designer
88 B0iTware:

L1, Initial sesesement pnd data collection:

Tha first stop irvolved collecting detailed information about the bullding's energy usage. rool
dimensioans, and strectural characieriatics,

For Hamaln bisldeng, we have thesa:
» Anneal consumpton 65 000EWR vear.
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Figars 1; Consurplion protilo.

This ks the monthly consumption profile with a commercial consumplion. 11 shows a high
usage of energy for a commancial building in Germang. it will directly impact the fimancial
maaulis.

= Fipol areas:

Figurg 2 ; Roals disermions
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Hare. we have threa available roods with one flal rool and two tilled moofe. And we &aw &
shading in the ferst reol,

L2, Sydiem simng

2.1, PV characteristics

Figaera 3 © Painal g eyt

Here wie have 3 roofs whene we can install B2 solar panels in different ways, we choosed
OCells Q.PEAK DU L-GE-425W panels

« 43 modules (183 kWpl ariented at 2B0D" with a 31 L.

&« 22 modules (9.4 k'Wp) oriented at 188 with a 41° tile

& 17 modules (7.2 KWp) crianted a1 1BE with 3 45" Gl with racks an a ilat roal.
IL 2.2 Inverter ond optimizers sizing

For thes systern, wa can choose thase with their characteristics:

& PES) oplEmansrs,
& SEZSRW invertar:

LISF SWil - 2024 - 155N p.302 £ Arifcle pd



%

Figure 4 ; SEZSEW invertor,

Fimesd voltags inverter Tor highar elficisncy and longar strings.

Smigll, sagy toinstall, and the amallest inite catagary.

ntegrated type 2 DO surge protection (surge amesier) for betber resisiance 1o overveltage
epused by lightrng oF ol svanls.
1.3, Simulation and energy vield sstimation:

Using Sclartdge Designer. wa modeted the PV system's performance under diffecent
configuraisons.

13,1, Systam canfiguration

Thi dasign incorperaied 32 solar paneds with 8 total mstalled DG capacity of 34.85 KWp.

13,2, Systam production ard consuemption

Tha simulation helped estimate the annual energy prodscticn:

MEF SVAT - 2024 - 155
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For this profect, an estimated annuad production of 30.98 MWh, with a salf-consumption of
B0% indicates that the system 5 designed 1o meat 8 significant portion of the building's
anargy needs covering about 35% of the budding's annual consumption,

1, Finameisl Analysis

Acrnecial part ol the design process was avaiating the Tinanciad wability of (he sysiam. Wea
conducted a detpded fimnancial analysis, considering the system's upfromt cost, expacted
amargy savings, end pvallable incentives,

L1, Initlal costs

Thar initiad irveestment of 40 658 for this bulbding represents the toted cost of purchasing
and insisiling the PV system which includes

= 1 SolarEdge inverter with o povwer of 25kKW,
» 42 SolarEdge optimizars PESG,
» B2 panels of 425W,




1.2, Estimated bill savings and return of investment

EETAA T FIRANTLA BMALYSRE

Trabe— B Barsrrae e’ Bpdr b i Py By e B Ry (R
&0 EE MR £ MA a0 55 £ 159552

B il By Em el Can OF By D00 et e
LA RLAL- 27,00 % N E/vi 0.0E9 4.8 yewrn

Figura 6 : Dotssbed tinanesal anilyais

Orsmr [he cysiem's expected operalional lite, the estimated total savings on electricity bills
amount to €159 352, This analysis revealed & pavback pericd of 4.8 years and & return on
invesomant (RO of 282.78%, making the project financially atirective,

After this period. the system will have eftectivaly paid tor itselt, ard army further savings will
contribute dracily to the financial berstit of the building cwnear,

r iy

b L
) iiiii
.__.iﬁi

Figure 7 Yearly cash fow,
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IV. The Impact of Adding Battery Storage

Adding batlery storage la a PV system can significanily enhance its Tunctianalily,
particulary in terms ol increasing sell-consumation and reducing grid depandency.

IV.1. Battery sizing

For the Hameln project, we considersd adding a 8.2 kWh SolarEdge Dattery. Hiz Lifetims iz
arcund 10yvearcs, which is a good imestment Tor Bhe System.

V.2, Impact on Sell-Consumplion rales

65,00 wwm

E.ﬁ.Ed e | @

1LY il B e 5
38,66 uwm
Figurn 8 : Corsumpion with bal beny.

‘With the battery. tha building’s salf-censumgiion merepsed frem 38% 1o 415, This means

that made of the dalar energy produced is used dirsctly on-gite, reducing the need 10 ngor
aleciricity from the grid,
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V.3, Reduction in energy exporied

Thi system's energy export to the grid decreated. which is beneficial in scenarios where the
fed-in ariff is lewear than the cost of mporied elecircily.

IV.4. Energy Resilience

Tha battery aflows Tor batter alighment Befwesn energy production and consumplion,
particulary during periods of low solar culput or pak demand.

1.4, Financial Considaratians
W considerad o price ol CEDD K'Wh, ga Tar thie madel, we had £7 360,

This should be added inba the inilial casts, and all companents could be changed fallavwing
the system contliguration.

PUTLN S FTMENCLL] AN EET

£ 55,788 €7,039) £ M £ 62,7069 E167962

€106193 1591, T67.5%. CWh 0V3T 6.2 yoars

Fighers 9 Dt niled financial analyis wilk batbery,

The additicn o1 the battery increpsed the system's indtial cost from 40608 10 055, 718, which
axtended the payback perod Trom 4.8 years to 6.2 years. The total bl sevings also Gecreased
from C159.852 to CHO5183.

While the initisl imvestrment is highes the long-term benefits ol increased energy
independence and potentia] savings during peak electricity prices may Justify the cosi,
depending on the client’s priorities
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¥. Recommendations and Interpretation

Based on cur firdings, wie offer the following recommendations for planners considersing
battery intagpraiion in P sysiems:

V.1 Align design with client abjectives

Always priofitize the client’s gosls when daciding on baltery integration. If grid independencs
and energy resilience are top priorities, a batlery may be justified despite the higher cosL

V.2, Harative dagign proceis

Rum mulliple scamnarios 19 undersiand tha full impact of Batilery integration on Both ey
performance and Tnancial ouicomes. This will provade 5 clear picture of the irsde-offs
nyolvad.

V.3 Consideration of battery slorage

While batteries can enhbpcs sall-consusmplion and energy indopandance, thed linancial

imBacl must e canaiully evaluated For clienis with high eleciricity costs of those seaking 1o
raducs grid reliance, batteries may be a worlbwhile inees iment.
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CONCLUSION

By following a structured design process and considering sl potential seenarios, planners
can develop PV systems that meet the unsgue needs of each client This case study
underscores the importance of llexibility and adaptability in P system design, particularly
when warking with hisiorical or commercial buildings.

Designing & phatovoltaic system for a commercial building svolves & complex interplay of
technical. Tinancial, and environmental considerations. By understanding the client’s goals,
analyying the gite candeliong, and caraiully setectng Syttem companents, & néw plEanner Can
devalop & PV system that mests the client’s needs while providing long-term benefits. Tha
ease study of the Hameln building highlights the imporiance of considering battery storage
ar not as part of the design process and demonsirates how different design choices can
impact the syatem's performance and Tinancial visbility,

IFEF SVAJ - 2024 - ISSN p. 309/ Article p 18
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PVsyst - Simulation report

Grid-Connected System
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31840 Hessisch Oldendord (Barksen)
Mo 30 scene defined, no shadings
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Introduction to the AP&-Compliant Repart and Rice Permaculture Resesarch

The next report is authored by o professional engineer from the United States. Mr. Barrett, wha
generously contributed his time to assist the foundation. His nearly volunteer work was instrumental
in developing an APA-compliant template for the fellows, ensuring that ofl reports maintain a
cansistent, professional standard for publication. The process of formatting and achieving consistency
across all submissions was a substantial task, and Mr. Barrett Willism's contributions significantly
streamlined this effart.

In addition 1o his work on the template, Mr. William's research on rice permaculture in America
provided a strong Toundation for subssguent planning within the fellowship, His ressarch has served
as & voluable reference point, enhancing the understanding of sustainable agricul tural practices and
their integration with renewable energy solutions,
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Exploring the Potential of Rice Permaculture (Intercropping):

A Review of Research Projects
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Abstract

Rice cultivalion B & comerstons of globad food security, yel traditional monocullurs
pracitices often lead o environmental degradation and Bmited resource  wlilization.
Inercropping rice with varipus plant species has emarged as o promising approach within
the realm of permaculture, oifering opportumilies Tor anhanced S0l tertility, watler
conservation, and diversified agricultural ouiputs. This paper presents a reviow of research
projects Investigating the Integration of rce culthvation with diverse vegetation as a
susiainable strategy 1o redaline water usage and Land produciivity.

Drawving from a range of academic sources, this reviaw encompasses diverse mathodologies
and outcosmes, Thee selected projects highlight the aificasy of mlercropping systems in
miligating crop yiald reductions, improwing nulrient cycling, and enhancing averall
agreecasystem resilionce,

One such study, conducted in the Upper Amaron Bassn, evaluated the impact of alley
cropping with leguminous species on upland rice production. Results demanstrated varying
affects on corop vield and nutrient budgets, emphasizing the importance of species salacton
and mulch application rafes. Similarly, a bibliomedric analysis sponning four decades
revealed the global landscape of rice intercroppéng research, identsfying key geographacal
regions and reseanch priofities Tor fulure iInvestigaison

Furthermore, o glebal analysis explored the yiedd benafits amd risks associnted with
iniegrating traas inta rce production systeme. Findings indicated signiticant impravemants
in rice yhald across various agroforestry practices, with notable benefits obsarved in biomass
transier and pre-rice green manwing opproaches. Moreover, innovative models, such as
iniercropping rice with phytoremediation plants Like alligator flag and Solanum nigrum,
showeased potentisl solulions for reducing so0il contaménants while maintaining crap
productivity.

Thicugh & synihesis of these resesrch endeavors, this paper expounds e mullitaceied
advantages of rice intercropping within permaculture framoworks. By hamessing the
complementary Interactions between rice and diverse vegetation, such as trees and
hyperaccumulators, thase projects affer sctionable insighls for sustainable agriculiural
praclices. The implications extend beyond mere crop divergification, encompassing broader
goals of enviranmantal stewardship, community resilience, and fopd soversigniy.

Keywonds: Fice infercropping. permacultere, agroforestry, sustainable agrculfune, waler
usage, crop diversification, soil fertility, phytoremsadiation




Introduction

Rice cultivation stands as & cormerstone of global foed secutily, feeding billions of peopls
wirldwide, However, comentional monocullure practices often laad to environmental
degrodation, water scarcity, ard diminished soil Teridity. In responsa o ithese challenges, (he
integration of parmaculiure principles with rice production has gained momantum, oflering
sustainable solutions for enhancing agriculiural resilience and producivity, Permaculture
emphasizes holists approaches to farming. Incorporating peenciples of diversily. synergy.
and acolagical harmony. Dne promising sirategy within this Iramawark s fce inlercropoing,
whereby rice is cultiveted alengaide complementary plant species, including trees pnd
hyperaccumulators. This approach holds the potential to mitligate yield losses. conserve
watar, and improve Soil health while diversilying agricultural owputs. |1n thes paper, wa
embark on & comprehensive teview of ressarch projects investigaling rice inlercropping
within parmaculiure systems, Thrcugh a synthesis of empirical fndings and scholarly
insights, we aim b0 explain the multifeceied benafils end challenges of inlegrating rice
cultivation with diverse vegetation with implcations for sustainable agriculiure and food
SRCUrTY,




Liferatisre Faviaw

Using Eucalyptus Intercropped with Rice and Beans

Mathadolomy and Resdis

This inwestigation into sustainable Tarming practices involved & Two-year agroforesiry trial
where Eucalyptus urcphyllo wes intercropped with rice (Oryze satival and common beans
{Phagealus wulgarie]l (Cocoon, 2007L Cenducted in & humed sublrogecal region Uhe
experimenial design incorporated randomized block setups combining these three species in
varying spatial arangaments (Ceccon, 2007). The objective was to evaluate the effect of
Eucalypius urephylla on the growih and yield of intercropped rice and beana, examining tha
potential for optimized Land use and increased bipenergy resources {Ceccon, 2007,

Data collected included growth rates. yield mepsurements, snd soll nutrient profiles,
analyred through a mixture of ANOYA and multiveriate regreasion techniques te determine
inler-species interactions and thesr impacts on pgroforestry productiity, Initial results
indicated that rice yields were slightly lower n intercropping setups than in mongcultures,
attributed to partial shatng by Eucelypius trees (Cecoon, 2007) However, bean yledds
showed significant Impravemant. likedy due te tha nitrogen-fixing capability of the legumes
which banatitied from the sdtened soil nitregen profile caused by beal Litter decay from the
Eucalyptus (Cecoon, 20607),

Furthermaore, the growth rate of Escalyptus urophylla was found te increase in the presence
of rica and baens, suggesting a beneficial below-ground interaction (Ceccon, 2007 Weod
volume and biomass were measured ot the end of the second year, showing that the
Eucalyplus trees had higher bicenergy potential when grown in this intercropping system
compaded to traditicnal forestry practices (Ceccon, 2000,

Implications tor the Production of Blioanergy on Small Famme

The integration of Eucolyptus wophylla in rce and bean cropping systems presants a
compalling strategy for small-scele farms to enhance their sustainabdity and econombs
viability, The increased blomass produciion of Eucalypius offers a dual-purpose solution: it
provides potlentinl bicemergy resources while improving crop yields through ecological
interactiens, Small farms can utilize the wood for locel energy neads or a8 & sUpplemantany
incoma source through the gale of bicenargy feedstock (Cacoon, 2007),




haoregved. Evig syalam promates & mone of liceant ke of land, reducing the need fof separafs
areas dedicated 0 energy crops, thus Tostering 8 holistic medel of agricultura that aligne
with permaculiured and agroforesiry principles (Ceccon, 2007). The shade provided by
Eucalyplus can reduce waled avaparation Trom the aoil, conserdng water and potentially
redesing the need Tor irigation — a crithcal factor in sustainable agriculture {Ceccon, 2007,

The Broader adopiion of such mntercropping systems could significantly impaci bioenergy
production on 8 regional scale, contributing to rural electrifcation and energy security
ICeeeon, 2007). These systems slao play & role in carbon sequestiation, an essantial Tactor in
climate change mitigation strategies, By diversilying crop production and integrating
bioenergy crops, small farms cen hedge against economic and emdircnmental shocks,
anhancing both their resilence and contribution 1o global sustainability goeals {Cecoon,
iy

The findings from ithis study underscore the imporiance of designing intercropping sysiams
based on lecal environmental conditions and crop charpcterstics. Future research should
aaptore the long-term acological Empacts and economic feasibility of scaling up these
systems, including detailed Iecycle pssesaments and market analysis 1o betier understand
theair rede In sestainable agriculture and nursd desvelopment,

Crop-Tres Intersctions in Alley Cropping Sysiems

Thi tegration of rees within foe cropping systems. often femmed plley croppng, has Deen
dontified a8 a favorabie strotegy 10 sddress both agriculiured produchivity  and
anvirpgnmantal sestainability, This research has emphasizod the impertance of studying crop-
trge interactions to optimize the benefits of intercropping systems tadored specitically for
rice culthvation (Salpzar et al. 19936k The methodology of such research predominantly
involves longitudingl studies whare rice crops are interplanted with wanous tree species 1o
gbserve differant growth parematers and sofl hoalth indicators over multiple growing
soaeons (Salazar et al., 19930}, Figure 1 shaws a traditional alley crop sysiem.
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Methodology and Findings
Fendings from these insestigations revesl significant insights inla how trees influence tha
miicraclimatic conditions favorable for rice growlh Trees in slley cropping systems have

een $hown 1o imgroyve soil maistere relention, which is critical far feca, & crop nolariously
dependent on substantial waler rescurces (Salazar el al, 1%x3Zbl. The shade provided by

strategically planted bree species can decreaze soil lemperature snd reduce the
avaparatian of precious waler resouwnces, creating 4 more favorable growilh environment
for rice particularly in regions prane ta drought (Salazse ef al 19930}

Furthermaone, the literature highlights that the presence af rees contributes o enhanced

nutrient cycling within the ecotysiem [Salarar el al, 1903b). Decaying leaves and ather

arganic matler from trees sdd essential nuirients back inte the soll, which can reduce the
mzad far gynthetic fertilipare, thus lowering the ecologscal fesiprint af rice cullivation
{Salazar et al, 1283E). This natural input of organic maltes enhances sail structure arnd

fertility, Tostering a robust environmend Tor fice growth (Salazar en al., 19838,




Implicaticnsg for Rice Intercrapping

The implications of these reseanch findings are manifold, Firstly, crop yields have been
abserved to improve due 1o better soil health and reduced stress on the Fice plants due o
maderated mezraclimete conditions [Salazar el al. 1889301, Secondly. the envirenmental
impact of rice cullivation can be mitigated by reducing the inpul of chemical fertilizers
and ihe amouni of irrigation watler regquired (Salazar et sl, 198930 The enhanced
beodiversity from mcorporating trees notl only supporis 8 healthier ecosystem bul also
promoles resilience againsl pasts and diseases through natual ecological processes such
ag pest predatan and hakital diversification (Salazar el al, 19830,

In specilec chaas, the studios pinpointed tha types of treas that are particulay benaeficial
when intercropped with rice. Legumincus free species, for example, were found to be
adventagecus due fo ther ability to fix atmosphesic nitrogen, a vital nutrient for mice
|Salazar i al., 199%30). The role of iree rocl systems in breaking hardpan sod layers slso
emerged a8 8 crucial function, facilitating deeper penatration of rlce reois and botter
access o nutrents and water (Salazar et al., 19930}

These positive interactions, howevedr, bre not without challenges, The competition for
light. space, and nutrients batwean the trees and the rice crop can be signifecant If not
conrectly managed (Salazar 1 al. 1983bk The selection of appropriale iree species and
thair spatisl arrangement reguires carelul consideration to avold detrimental effects on
rice yvialds (Salazar ot al., 199301, Additionally, managemaent practices such as pruming and
the timing of tres planting relative W the rce planting season are critical factors that
influence the succass of (hess INTErCropeing systems,

Owvarall, the advencement in understanding crop-trée interactions within slley cropping
systems provides o promising avenue for enhancing the sustainability and prodwctivity of
rige gultivation. These insights not pnly help in formalating better agricultured praciices
buit also In paving the way for more research simed at fine- tuning thess Interactbons o
levarage the maximum benafit for both crop yields and envireonmenial health,




Bibliametric Analysis of Fice Intercropping Resaarch

A comprehenssms biblicretric analysis was conducted 1o unravel the solution and irends in e
raspanch of rice nlercropping systema (Shahidultah ot al. 20240 T review spannsd cvar Lour
dezades, harmessing dats axtracted from majior @atabases induding Web of Scence. Scopus,
ared Google Schalar. By amploying ools auch g VWOSeiwer ard CiloSpace. pivedasl publscations,
citation networks, and keyword frequeencies were meticulsusly analyred,

Hey Findings and Trends

Tha analysss rewasled a noticaable ncrease in publications from the early 20008, correlating
with & growmng recognition of suctainable agioultural practices globally (Shahidullah a1 al,
2024, Initial studses weng predominanily concenirated in Asia, particularly in China, india, and
Indorasia, where Ace & a staple fopd crop, The focus of early research was pomanly on
understanding the basic banefits of inlercropping rice with various lagumes and non-legums
CTOpE.

Ower the years, the scope of research expanded, refbecting o shift towerds more comples
systems ncomporating trees and other perennials [Shahidullah et al, 2024) This transition 8
evidenced by the smergence of new keywords and research fool such as ‘agroforastry’
“susthinable yield,” and "ecosystem services” (Shahiduilah ot al, 20240 The citations withn this
fiold suggest a strong lnkage between rce intercropping research and broader themss of
ecologicad agricid ture and resdiance in food sysiems [Shahidullah ot al, 2024),

Geographical Distribution of Ressarch

Tha gecgraphical distribution of the studes also broadened with significant contributions
coming from sub-Saharan Africa and South America, reglons where sustainable practices aee
crucial b agriculiues dug 1o the vainerabdity to climate change (Shahidullah of al., 2004}, These
studies contribuie to & richer wnderstendng of the localized benefits and adaptations
necessary for succassful ntercropping practices in diverss ecological and sOCiD-sconomic
cantaxis

injerastingly. o clester analysis of the research network highlightod several highly cited
comerstons studies that have shaped cument understanding and praciices. Those foundational
papers often expiore the physiological Interactions between rce and compandon plants,
demonsirating how specific plant combinations con optimize light capiure, Improve wates e
afficiency, nnd enhance nutriant cycling.




Additionally, the analyss hos pEinted oul & growing trend towards intendssciplinary Fedaarch
imvolving soil scientists, agromomesis, ard ecologiets (Shahidulleh et al, 20241 This
collabaration is pivolsl for developing holistic fice inlercroppang syatems thal are ol only
productive but slse promabe bisdnsersity. Soil health, and ecological balance [Shahidullah et al.
F024),

The bal iome tric Bnalysss has underscored (e necessity for further emperical and iheonatical
siudies 1o address gops In knowledge, pantecularly in the mechanisms underdying the obsarved
benefits of intercroppeng. Furthermong, it highlsghis the need for innovation in policy making
and |ecal fanming prociice sdaplations o support the scalabality of succassiul iNercroppang
s,

Tha Tindings from this bflsometric review serve 88 8 crecial componant in undersianding the
Pt trajpectones and tuture directions OF nce intercroppeng research. By recognizng influential
ragions, kay players, and pivotal research themes, this analysis provides & valuable rosdmap for
upcoming research ventues and Tor the dormulation of strategies simed at enhancing the
susiainabllity and produciivity of fos cultivation systems worldwida.

Global Anslysis of Yield Banafits ard Risks from Integrating Tress with Rice

Tha integration of trees with rice cultivaticn presents & compelling soluton 1o Mumerous
agricultural challenges, parficulady in anhancing yield siability while mitigating ermdironmental
risks (Rodenburg. Moltee, Cop, & Snclair, 2022, A diverse aray of agroforesiny practices has
baan axplored globally, wilh vanysng implications on both yelds snd scological balonca, These
proctices, predominanily utilzed in regions susceptible to adverse climatic conditions and poar
&0il tertility, underscong ihe necessity of rethinking traditional Tarming methodolagies towards
marg sustatnalle approaches (Redenburg. Molless, Coa, & Sinelair, 20221,
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Ovarview of Agraforesiry Practices

The concepl of inlagraling trées in rice paddies - known 85 rice agroforesiry sysiams -
provides muAtifunctional banafite, nol only increasing the productivity of rice but also
contributing to & mare dynamic agroecosystem (Rodenburg, Mollee, Coe. & Sinclair. 20221,
Tress play a vital role in these systems by improving microclimatic conditions, which in
fsn enhances waler retention and moderstes temperatures arownd rice crops.
Furthermore, tree rosts help @n stabilizing scil structwe and Increasing organic matter
content, which are critical Tof rice growth wder fluctusting anvironmanial conditions
{Rodenburg, Molles, Coe. & Sinclair, 20220

Implications for Sudtainable Rice Production

Emparical data from several studies scross Asle and parls of Africa indscate that the
incorparation of nitrogen-fixing trees, such as species Trom the genus Faidharbia,
signiticanily boosts rice yields (Rodenburg. Molles, Coe, & Sinclair. 20221, These trees
axhibit reverse leaf phenology, shedding their loaves during the rainy sesson, which
coincides with the rice growing period. thus reducing compatition Tor Light whdle
contributing organic matereal directly to the rice crops below (Rodenburg. Mollee, Cos, &
Sinckale, 20231, This symblosis not only Impreses soll ndtrogen content but also offers a
practical sclution (o the labos and cost- mtensive application of synthatic Tertilizers
{Radenburg, Molles, Coe. & Sinclalr, 20225

Hiwewar, the practics of integrating trees with rice dees not coms without its challenges
and risks. One of the primary concems lles in the selection of appropriate sirategy for
manpging agriculteral londs that have been compromised by indystrisd poliutanis or
mismanagensent {Yang ef al. 20210 The potential for scaling up thase systems exits and
could result in widespread adogtion if the ecenomic costs are balanced by tha long-term
banefits of restored land and increased agriculiural output (Yang of al., 2021}

In conclusion, tha coupling of upland rice coltivation with Solanum nigrum for
phyteramediation represents a premising dgevelopment b dhe pursult of sustainable
agriculivral practices. This innovative spproach hamesses the synergistic potentials of
bath spechos, addressing critical eveirgnmental challenges while fostering a productive
and sustainable agricultural ecosystem Further ressarch inte cptimizing  these
interactions and wnderstarding the leng-term implications on soll health and crop safety
is nacassary te fully harmess the benafits of such Intergropping systams,
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Bictiversily Consarvalion in Trapical Agrebcaaystems

The intricate relationship between agricultural practices snd biodiversity conservalion is
particularly evident in tropical agroscosyatams, whess high biodiversity can be leveraged 1o
enhancd acosysiem services and sustanability (Perfecto ef al, 2008) Integrating
agricullural Landacapes inta broader consaralion sirategias is not only & pressing neceseity
bui aslse 8 sirategic opporiumily 1o promote biodiversity throughout culiivated areas
iPerfecto et al. 204,

Argurmant for Integrating Agricullural Londscapes into Conpercation Strategies

The argument Tor integrating agricultural landscapes inbto conBervation siralegies is
grounded in the recegnition that traditonal separate Zoning approaches, whens conaarvation
and agrecidtural areas ane dstinetly apart, are becoming increasngly untenable in the face
of expanding human populations and ihe resuliani pressure on land rescurces (Perfecto et
al., 20081 Agricultural landscapes that incorporate elements of natural ecosystems not caly
support wild tlora and faundg but also condrdhite ssgnitecantly to the consanaticn of
biodrversity 8l large (Perfecto ef al, 2008). Swech landscapes act a8 buflers and cormdars,
conmeciing protected areps and allowing for species migration and gena Flow, which is
critical in the context of climate change and habitat fragmantation (Perfecto ot al. 2008,

Redewing Uterature on the mole of blodiversity in tropleal agricultural landeceapes
urdierscores the myriad benafits that diversified farming systems offer. These banafits
range Trom pollination. pest control, and nutrient cyclng to cultural and aesthatic values
{Ferfecte ot al, 2008% Research highlighis that these systems by mimicking natural
ecosystems, ¢an susiain a wide array of prganteme, thus maintaining ecological functlons
and resdience. For example, studies hase shiwn that birds and pollinaters ara notably more
abundant and diverse in agroforests and mixed cropping systems than in monocultures
iFerfocte et al. 3008 These findngs showcose the potentiad of such systems 10 suppoert
conservation while maintening productive agrculiun,




Impertancs of Diveras, Low Input Agrascolegicsl Syatems for Bicdiversily Contarvalion

Marsayves, the impartance of diverse, low inpul agroecological systems cannol be overstaled.
Thasa systems utilipe practices [hat maintain ecological balance and reduce dopendance on
chamical inputs. tharaly ot only supportang Diodesaraity but sles enhancing soil haalth and
reducing ecological Isolprints |Perfecto of al. 20080 Thair adaplability 1o local conditions,
raliance on traditicnal knoewledge and practices, and their capacily to sustainably manage
natural resources rander them irvaluable i tropical regions where conservation and food
production musl cosxisl [Perlecio et al_ 2008)

Rele of Senall Farmers and Grassrocts Social Movemanis

Finally, the role of small farmers and grassnoots sociel movements in creating sustainable
landscape mairices for consenvation highlights an often-ocveriocked aspact of Blodversity
conservation [Perfecto et al. 2008]). These stakeholders are wital in implementing and
maintaining bicdiversity-triendly praciaces due (o thelr local knowledge and vested interest
i ecological sustadnability (Perfecte ot al, 2008), Their practices offen emphasize
polyculturs and agroforestry, which enhance both crop and non-crop biediversity (Perfecto
et al, 2008). Grassrools movemends, advocating for sustainable and equitabie resource
management. play & crecial rale i pushing tor policles that integrate consarvation chjestives
into agricultural developrmeant plans (Perfacto et al., 2008),

Through ihese discussions. the critical interplay betesen agricultvre and consarvation
emerges vividly. illustrating that sustainable management of tropical agropcosystems is not
only about enhancing agriculturad yviekd but ks intrinsically linked fo preserving biodiversity,
This symthesis offers a robust fromawork for understanding and imgroving the copdstance
of agriculiune and conservetion, providing 8 pathway fowands susiainable land use that
supports both tood security and ecological health,
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Digcudgion

Synthesis of Findings from Reviewed Research Projects

The comprehensse review of research inbg fce intercropping sysiems highlights a series of
promiging culcomes for sustainable agriculiural practices. Studies demonsirate ihat
integrating different plant species with rice can lead to banelits such &5 improved soil
health, increased Diodiversity, enhanced resilblence 1o environmental stressors. and improved
yields, Thi analysis of alley cropping Syslems particularly underscores the symbiotic
ralationships between rice and legumingus tree species, which contribute significantly 1o
nutrient cycling and soil fectility —vital for low-inpui farméng systema. Howevar, the
variabdily in resulls across dilferent gecgraphécal locations and species emghasizes the
negd for localized research o optimize miercropping sirategies (o specific ecologicel and
SOCHD- BCOROMIC contaxis,

Advantages and Challenges of Rice Intercropping in Parmacul iure

inercroppeng rice within a permaculture framework offers multiple advantages, ncluding
reduced relisnce on chemical nputs, diversification of produce, and higher overall
producthvity per unit area, This translates to better food secusity and aconomic stabdity for
smallhalder farmers. Additionally, such systems contribube significantly to ecosysiem
services lke sool retention and carbon semiestration, thus aiding & the mitigation of climate
change effects. Desplie these adwantages, challenges remain. The main lssues rovolve
arcand the complexity of moneging multiple species in a single plot. the nead for detailed
krowledge about spacific plont inferactions, and tha Eniteal transition persod reguired for
formers toadopi to ew agricultural mathods, Addrossing those challenges (s crucial for the
widar sdoption of rice intercropping praciices,




Potential Implications for Agricullural Practices

Locations with unsque biodversily and exisling exlensive rice cullivation stand to banefit
signiticanily trom the adoption of rice mlercropping sirategies. The potential fer enhancing
&oil tartility through organic means is vital whare oil erosion and degradation are prevalent,
Introducing tree spocies known for their nitrogesn- fixing capabilities could reduce
depandancy on synthetie fertilizers, mprove water retention. snd increase yield stability.
Additionally. integrating native fiora could help preserve bicdiversity while providing
additional Tood and medicinal ressurces (o local Tanmers. Howeves, the succass of such
programs would depend heavily on robust local cutreach and effective traming programs 1o
ansura that farmers can implament and mainiain these complex systems,

Fuiure Research Direstions and Pricrities

Givan the promising yet varied resulls of rice intercropping siudies, futwe research should
prioritize establishing clear guidelnes for the implementation of such systems in diverae
amdrgnmental and socip-aconomis setlings. Longiiudingl studies examining the long-1arm
impacis of inercropping on sodl healih, crop yeelds, and ecosystem services are particularly
niepded, Research ghould alse fecus on the development of models to predict the culcomes
of comgplex crop Interactions, which could significantly aid in the planning and optimization
of iniercropping systems. Fimally, thers s 8 pressing need for paricipatory research that
involves local farming communities, ansuring that sclentific advancemants are accessibla
ardd adapted fo the needs of thase mast impacted by agricultural innovation,




Conclusian

Importence of Rice Intercropping for Sustainable Agriculfure

The synthesis of the reviewed studies Temly establishas rice iNercropHng a8 & comearsione
Tar sustainable agriculiure. By diversifying planiing siralegies, rice inlercrepping sysiams
nof only optimize land use bul alsa contribute to & myriad of ecolegicel benafits. Thesea
inchide enhanced biomass production. iImproved nuirient cycling. and reduction in the nesed
Tor chemical inputs through natural pest control and weed suppression stralegies. Such
ecological intensification is pheotal i sustainably increasing agricultural productivity and
ragilience in the 1ace of climate change and growing glcbad Food demands.

Call te Action for Implementing Parmaculiure Principles in Rice Cultivation

Given the compelling evidance presenied, thers is 8 critical need for stekehobdars @ ihe
agricultural  sector—irom policymakers te  proctitioners— o embrace and  Bctively
imploment parmaciliere principles in rice cultivation This apprapch not anly sustains food
production bui also promotes ecological healih. Specific actéons can include the adoption of
guldelings for species selection in intercropping systems. investmant in community-based
training programs to spread knowledge on sustainable practices, and fostering policy
mcentives thal encourage small-scale farmens 10 adopt agroloresiry practices, Additionally,
agriculturgl research instituticns should continge o explore inowative mlarcropping
sysiems. underscoring the smportance of local enironmentsl condifions amd cultural
praciices in shapsng successiul integration of permaculiure into troditional farming systems.

Closing Remarks: Significance for Global Food Security

This review has wnderlined how Integrating  permacidture principles. particularly rice
infercropping, into mainstraam agricdtucal practices ks net morely @ theareticel kKeal but a
praciical solution to pressing global challenges, The potential of such practices to Improve
food securily & immensa, pariscularty in regions that are masi wulnerable to food scarcity
and the impacts of climate change. By fostering mere rosilient foed systems through rice
intercropping, the global community can move towands 8 mone sustainable and food-secure
fuiure. Uitbmately, the pdopiion of these practices ropresents a critical step towards
achinving global fopd soversignty and anvironmental sustoinability, ensuring that future
ganarations inheeit & haalthier planet, Implementing permaculture roe cultbation is indesd
complex, Howowar, nature itsalf is also complex, The cnecial approach lies in compreshending
this comploxity, showing respect towands it. and collaborating with it rather than opposing it
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Mr. Raharijmsona, an eviranmental enginesring groduate student at the University of Antananariea,
has undertaken a significant project focused on earthwark planning 1o suppert the constrsction of
freshwater ponds and the stabilizotion of surmounding berms. Building on the foundational research
conducted by ARAFA, Raharijoona’s work is pivotal in addressing the challenges of sustainabla
waler management in Madagascar. His systematic approach provides practical guidelines for
effectively building ponds while ensuring enwironmental integrity and struciural stability.

In his research, Asharijsana emphasizes the importance of therough earthwark planning as a
precursor {0 successiul pond construction. Ho bogins with o comprehensive site assessment that
includes soil analysis, topographical surveys, and hydrological evaluations. By understanding the
specific characteristics of the site, including soil type and drainage pattems, Raharijaons can
design ponds that are not onty effective in water retention but also resilient to erosion snd
sedimentation

Mr. Raharjoona’s earthwork planning provides a comprebensive Framework for the effectie
conatruction of freshwater ponds and the stabilization of berms in Madagasear. By buibding upon
ARAFA's research and incorporating innovative strategees, his wark sets the slage for sustainable
water management pactices that will benefit local communities and ecosystems, Through
meticulous plarming and communily engagemient, Raharijaons is paving the way for resiient and
elficient water rassurce salutions in a region facing increasing envirsnmental challenges.
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INTRODUCTION

Ag A reminder. waler plays & parliculady mportant role in daily lite; it s Tound in &l the
actraties that punctuate ouwr dasly Uves! cooking. washing waricus washing. waste disposal
{iedlet. smk. Dathbubl. In addition. during the rainy season. rainwater is 081 everywhers due o
the lack of planning for raifmvater recovery and also the Lack of will.

And the everali cijective of this study is 1o master the supply of potable and sutficient water
o the population of the University of Antananarive. It is managed by collecling rairaaler,
traneporting it to & large storage basin and treating it By integrating modern infrastructure,
susiainable management practcas and contiming educalion in waler conservation, the
ummBrgily Can mal oaly meaat its current needs, bul ales prepars 167 & resilisnt and sustainabla
Turtare in water mans gemsant.

So, wa have gean i the lact book all the preliminary siudy of this project thal siams with the
gecgraphical study of the siudy site up to the soll analyels and the planning of earthworks,
The study of plants that can be used during the biological treatment I the freatment center
or lagoen basin b alresdy propossd, And we have alresdy propesed thres dil ferent plants that
can be used a5 Phragmites sustralis : uncus effusus ; Cypenis papyTes.

But. when we falx aboul planning the earihwoerks of the Siormwaler retention basin and
stabilization by planting, we will explore the different stages of the process, from the initlal
design of the aarthworks to the implementation of adapied planting strategies. Thus, this
dicumeant clearly sddresses the design as well as the dimensioning of this lagoon
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Chapter B OFERATING PRINCIPLE OF MATURAL LAGOOMING

L DESIGH

Matural Lagoaning is based on a bacterial culiune 1hat & mainly seqabic. This is than saparated
by a sedmentation mechanism, The principls i 1o recreats “butler” eavirsnments of basing
theaugh which wasiawater or polluted water will pags, betore Being released inio tha natural
AN

L1 FRETREATMEMNTS

1. Senddning

Soreeming must De provided, 1T ihe installation inclisdes a T & screening baskel will ensura
the protesticn of the pumping devices, As in amny other yse, the oparoting means must ba
available: [ib crane and lwoist | mecessary, pressurized weler, Storage conlainers,
waterpnoched washing and draining area,

It the aerival ks gravity-Ted. manual sereanng, oversized to allow spaced visits (once a week in
dry weather and addetional clesning in the event of 8 stomm on wnitany networksl, |5 the
minimum solution, Mechanized screening |5 desirable and sasily amestizable if the treatment
plant & nod 100 far Trom the elecimcal connecion points.

2. Dosanding
Except in very special chses, sand removal is nod necessary, It may be planned when the
network e likely (o raneport particularly large gquaniites of sand,

3. Degraasing

in general. sinca the lagoon must be reserved for domastic atflsents, a separate degreases is
not necesspry. A simplified degrenser o siphon partition may suffice] will be instofled a1 the
hiead of tha first basin to avald the presence of varlous fleats.

The surface must aliew o peak ascent speed of betwoen 1 and 20 mih, Maintenance will be
particulary facilitated by good sccessibdity, & Toothridge also allowing access for ampiying
the spdimantation cons at the entrance to the first lagoon |5 of dafinite intorest,
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L2, THE LAGOOMNS

1. Husmibar of Lagsons

Dperating reliablity comparable to that of other processes with a comparable hardiness
ibacterial beds, etc) i only achieved by planning the installation of thres lagoons. in sedias,
The respactive role of thess basine can be summarized o Tollows:

« the first lagoon s the main site of the reduection of the cason pollutant load. tha limit of
the treatment bBasng relathes 1o the concentration of mecredcopic algse o the affluvent
Leaving this basin;

= ihe second lagoon reduces nitragen and phespharus and albows on average & reduction In
thi concantration of algae;

= ihe third lagoen significantly improves these treatments. The additional recductson is
Fravwerver ralatively Low at the beginning of the life of the Bstallations and 0 the casa
whera all the basing have significant sludge deposits |average height greater than 15 - 20
i

Furtharmore, the presendce of threa basing allows, durng the ¢leaning of the sludge from the
first, to mamiain g good quality of ireatmsant.

Z Implemantation of th lagoons

Lagoon hasing can be created n several ways elther by digging and remsving the spail, or by
digging and bullding embankmants, or by creating dikes swrmounding the land which has
samiply bean stripped, mot dug of even raiged,

The shapa of the basing must be regular. Angulor shapes are the site of significant deposits
andd promate dead zones. The depth of the three basing is variable. For microphivte basing i s
aften around 1.2 meters, a1 & minimum, it mist be around 1| mater to prevent the growth of
highor plants, aliow light penetration and therefore goygenation and limit the offects of
poesibde thermad stratification of the basing,

The slopn of naturally sealed dikos must respect a height/length ratio of 1/ 25 to limit the
aroered ocbion of tha wave, tacditete routing maintenance and pllow access for cloanng
equipmant, in the case of laying a geomambrang, for the dikes, the heightlengih rotio will
andy be 1/ 1.5 The dikes must be erected by successive compaction of 15 te 20 cm slices.
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Siphon conneclions musl be proveded between the basing 10 block dickwesd of ofher
Moaters, I is nbCessary 10 provica 8 Dypass Tor each basin 1o Tacilitate emprying and cleaning
aperations and 1o hawve an overilow per basin,

To pravent erasion by sloshing and sodent damage, it is advisakrle 10 grass ihe banks bafore
Meading or 16 ude geli-locking slals. geagrids or any siher bank protection material

The structungs misst be Tilled with water gquickly 1o ensure permeaability (peevent the risk of
orpcka and ke devalapment ol vagatation in the sed), check the waterlighiness and promoale
the establishment of the ecosystem. Pogr waterlightness may lead to pallution of the water
table by parcolation of wastewater. To maintain a good hydraulic regime inside the lagoon,
the flow rate of the inpuls [wastewster + rain) must generally compensate Tor logses
limtiltration + evaporatsn,

3, Flow maasuramant works and macrophyte planting

O the one hand, on all installations, 8 flow meter channal hydraulically ndependent of the
water lewel of the last basin will be installed at the cutlet of the lagocn, Whan tha feed is
gravity, 8 second flow mater channel will be installed upstresm of the firet Lageon, preterably
with 8 lsteral contraciion threshold In the event of 8 backfow. the operaiing time of the
pumips will provice the Flow,

O ths pikes hand, the tertlary lagoon can be planted with macrophytes which are intended to
be supporis for bacteria. algass and zooplankion and especially for daphnla (small
crustacenns) which play an essentisl robe in the filtration of atgas. Theay ane made up of reeds,
chair rushes, bulnushes of massh iriges.

The presence of macrophytes increases the performance of the lagoon, particulary for
nitragen and mineral phesphorus, Howaver, they need to be mown once a year, The cutling
mist be dong abowe the water surface o alipw normal plant recovery and the cutiing
products mist be remawed from the basing,




1.3, ADAPTED PLANTING

To get the best results from your [Bgoon. iU's tme 1o discover the deal planis (o creats a
thitving lagoon Hene is our gelection of the thies most suilable plants (o purily and Basutity
YO guatic space. Thay are Phragmites ausiralis ; kincus effusus | Cypenis papyius.

Each plant has specilic characieristica that contribule (o waler punilication such ag nubsant
abeorption, mechanical Hiraticn. decomposition of organss matter, etc, We alss provide you
with practical sdvice for planting and maintaining these planta, 10 endure thair Tull
affectivenass in your [agoon syslem




Ik LAGOHIN SIZING

Talsho 1: Sizing af 6l crits sid by natural Lugoaning

Pre-traatmmient
Spacing of screening bars £m 3 3
Depreaser Ascent Speed m3m2h 10t 20 1040 20
" Bubmenged height of the siphon cm &0 b0 &0 A0 1 60
wiall of 1he groasa frap
" 0n depth of sedimentation cone cm k] 1]
o Lagooning
Mammum parmisshle permeahility | ms 10-8 5, 10-8
Dwell time | Darys B0 BO
Unsealed lagoon slope L HL ralic 125 125
 Waleiprooled GROUSpE |y ratio uLs 15
- . Primary lagoon
Siging ! mafEH A 9
Depth | [* 1.2t0 18 121018
Chwell fime | Durys 30040 5013 55
B I Secondary lagoon
Sizing |. m2/EH 25 45
“Depth ! M 10told 10w 14
Dwell fime | Diarys Tta 1D 151020
. Tertiany lagoon
Sipng | m2/EH 25 a5
Depth | M 10t 12 L0140 1.2 [withow
macropfyiesh, 0.3 1004
[waith macrophytes)
Drvell i : Days Tio 10 Gta 15




1. BLOCH DRAGRAM

The water to be purified is directed o lagoon basing, which ane divided into different mones,
aach fullifling a specslic robe in the purification procoss. The st Zome, called ihe ©
pretreatment 2o , allows Large particles 1o e retaired and the organic Load (o be rediced.

Than the water passes through the * clanfication zone = where sediments settle at the
bottom of the basan,

Finally, the water reaches the = lageon zone " where plants play & vital role in puriticatson The
moots of the plants act as bologeal filters, absorbing nutrients and podlutants from the water,
while benalicisl microorgeniams break down ofganic matler. As the water pagtes through
these different zones, il becomeas increasingly cleaner and pimer. 5o, the following figures
show the schematics of this lagoon

55 f durtiche pil
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Chapter Il MONITORING AND EVALUATION OF LAGOON ING

I1.1. DETECTION OF MALFUMNCTICNS

Two dosely related indicators signal that the head basin is undergoing a dystrophic
orisis:

- The appearance of foul odars and
- The change in cobar (o twrn] of the body of water,

= The disappearance of algae and the predoménance of bacteria cause the appearance
of a brown, gray color, The pool becomes completely anaerobic, favaring reducing

metabalisrms with the releases of H 2 S in particular, and therefore odors,

= When the HZ5 concentration is high, the development of sulfur photosynthetic
bacteria predominates and the pool takes on a red, pink, cthre or brown oolor, At
this stage, there is a decreass in odors sincg the sulfur is consumed,

= Green coloring ndicates a return to a normal sitwathon.

= The phenomenon can stabilize a1 the first stage which is the mast annoying for tha
neighborhood. The quality of the dicharge however fregquently remaing correct,

= The red color can lead to a reduction in the overall efficlency of the Installathon, with
purification then being carried out more by the following basins.

Fraem the survey cited above, it emerged thar approsimately 30%. of the lageons had at

least once presented a malluncion problem atributed o various causes [overioad,
nature of the effluents, duckweed, lack of maintenance, eic) This concept of
malfunction desenses to be clarified and this chapter s devoted to it
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12, MONITORING AND MAINTENANCE OF LAGDONS

It shoudd be noted that natural |agooning = a purificetion sysiem in its own righ. Thersfans, it
I very Impariant 1o keap an oparating lag. All the measurements and maintenance operationg
ugalul Tor thes lagooming must theratons De Bept regulary.

1. Ganeral surveillsnce

General manitesing 5 essential to detect any anamalkes in the matallation such as erosicn of
dikes, the presence of rodents, obstruction of communicalion siructunes, devalopment aof
water lenses,

Tha cparalor must in paricular check the Tollwng painis:

s Gpod waler fliows

# ihe color of the water;

» the condition of the dikes:
w ahsencd of tloatars:

= (he absence of odors,

Tio i this, it ks assential to go through all the dikes (this passage also creptes o “disturbonce”™
which can dissuads redents from satiling). Self-moniloning is dons ance & week for at least 30
minutes to 1 hour.

Z Maintenance

Proireptmani Mamignanca

Maintenance of pra-treatment works i necessary fon

« prevent the netwark from Baing loaded or the affluant bypassed @

» pwpid bad cdors or desturbances on the first ingeon:

= reduce the sk of furning this place inte a “feeding trough” for redents,

Thi waste remaved from the pre-treatment msst not constitute o new source of nutsance, 16
miust be evacusied o & class 2 technical Land Tl site in the case of the largest insiallations,
Burying the waste on 5ita is an unsatistactory palliative, and inamy cose the acddition of lme is
nacossany to stabilize it

MEF SV - 2024 - ISSN p. 360/ drticle p 8




Mainlanarno o 1he Suireuandings

- Mawing vegetation on dikes and banks

This aparation i an imgortant gart of the aparation af 8 lageon. I addstean 1o the objectives of
making sccess to the body of water easy and presendng the sesthelic appearsnce of the
station, mdawing mudl limil the installation of redents ard control the condition of the banka.
Dhring mawing. the intreduction of cul plams inte the basine ahould be avwided as much &

poassible,

Vegetation contrel using weedkillers should e avoided due 10 the risks of oxicity and
incraased arcson phenomana {except on rock dkes whene a “systemic weedhiller is ihe only
maans of contralling vegetalion).

- Mawing tha plant belt around the bedy of watoer
This operaticn is as impertant s the previows one because it nfluences the functioning of the
lageon The objectives are:

» gvoid the progressive invasion of the basins;
# |imnit ihe development of insect lareas imasguitoes inparticular);
= limit the installation of rodents.

The presence of this plant bell b= wery iImporiani to reduce the harmiul affects of the wave
when ihera is no rockfill; it also serdes to redain the cut grass dging mowing af tha haniks.
Hanwever, uncer na circumstances should the plants encroach on the basin.

2, Redent contral
The presence of redenis s commaon na lagoen installaton Preventing theair proliferation alims
1]

» Ioprovent arcsson of the dikes

= prevent hydraulic short circults;

= ioavoid altering the walertightness of the basing

» whire appeoprinte toe prevent the destruction of macrephytes.

Thir prodhscts fo ba wsed are ditferent depending an whathar thay ane water rats (dicoumaring,
muskrats (chiprophacinons] or riria (bromadislons), To ba offective, this operation must not
b limited to the immediate sirrsendings of the structures,

JISF SVAL - 2024 - ISSN p 361/ Articte p.I7




4. Claaning the aludge ot the haad of the fret badin

Reguler cleaming of the sedimentation cone al the entrapce 1o the fist basin must be
inlagratad into the cument operation. Other poenis of the lagoons whene he depasils sre e
meaal aignificant fin particulas: tha cofmarns, the paripheral zones snd the "inlets-outlets” of
aach basing can sles be Bubpect (o partial cleaning.

5, Fight against duckweed

Leniils dismupt purification due o the interruption of light penetration and the resulling
anasrobidaid. I addition, in the abaence of axtracton they contribute 10 & Signife-ant
increpse in the volume of sediment and their degradation increases the orgenic oad 1o b
treated, Preventive treatrment methods are praterablea to curative mathoeds,

6. Mowing macrephyies

i the case of macraphyte lageons, mowing is absolutely necessary to prevent the eotfing of
plants in the waler thai recharges the basing with organic matier and nutrients. This
operation also limits protesential water flyws that reduce residence tima,
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CONCLUSION

In conclusion. lageoning is 8 natural and ecelogical solution 1o purify the wates i your pond or
natural swimming pocl. Thanks o the pawer of plants, you can preserve the besuty of your
aguatic space while considerably improving the qualily of the water. By crealing a8 balanced
ecotyslem, lagooning offers a sustsinable and sesthetically plessing aliernative 1o
traditional purification systems.

Thix alability of the operation of & Lagoeon ayslam depends |aapely on the Sesign of the Tt
bagin, Cormeguenily, to bimit the risks of totel snaerobiosis of the firsl basin resulting Trom an
excassive organic oad, an Increase in 115 surface area of 20% & necassary comparad to the
previous wpe (lnter-Agency Study, TET9), ie pow 6 m2 PE The shapa and depth
recomimended for this basin must e respacied. For the next two basing, the general design
ramaing vnchanged. Le. a cumulative surface area of S ma PE,

LSF SWAJ - 2024 - [SEN p 2 Aricle p.20
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*My highest priocity in life is to address the
water lssues in Madagascar and contribute to
achiavin the ohjectives af sustainable
development.”

JSF Forll o

El-Bancu, Charles

Moslars Graduale, Chem sy
Univaersity of Antanananye
Fellowship 3024

Intraduction to the Reseanrch of Mr. Charles El-Banou AMDRIAMAHEMINTSDA

We are honored 1o present the findings of Mr. Charles El-Banou, whese extensive research on
the existing water infrastructure arcund our campues hes provided critical irsights into our
wiler managemenl sirategies. Theough 8 comprehensive assessmeant of the current state of
watar tanks and other storage facilities, Charles's work revealed that most onsite watar tanks
are empty and, consequantly, that relying on tanks alone is not a vieble solution for achieving
our rstnwater capiure goals.

Mr. El-Banou's resgarch has boan instrumental in guiding cur understanding of the limitations
of traditional water storage systems. His thorough analysis highlighted the inefficiencias
assacigted with current practices. paving the way for a re-evaluation of our approach te walar

management,

Thanks 1o Charles’s diligent efforts, we have concloded that constructed wetlands represant
a mone effective and sustainable option for raivwales capture and management By
integrating his findings into our planning. we can develop innovative saluticns that align with
our geals for sustainable water usa,

We exfend our heartfelt gratitude to Mr. El-Banou for his invaluable contributions to this
project. His research not only enhances our knowledge of the existing infrastructurs but also
sais the foundation for implementing more effective and eco-friendly water managemant
practicas on Campus.

IWBimE FrEieE, TIALIEINE CHARDE

L
2 JACQUELYM JESTIMNE
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INTRODUCTION

In Madagasikara, during (ha stormy seascn and (he rainy season; thi Fainwaler sulsmargas
coartain surtaces, However, thay ade underexploited. thas crealing problamatic factors at
the societal leval. espacially in the nivaraity site

Can 'wa axplarl rainwater 1o reguca the water shorlages i the campies 7 vwe can siode tham
foliowed by vanigus processes (caplure. filtration. ) batore wsing it To be able 10 satisTy the
neads of the whiversily om ANTANAMNARIVOL, tha tanks can be mlradiaced inside the ste 1o
store raimwater which can be wsed in most chses. as source of waler use labsoratory,
alemeanis which sll need water, It will theratora be 8 question in this research as an
aggantially [schhicsl bt and more genarally. our ambieon I8 te contfibile 1O awaianess
of the important of traatment and (o the management espacially of ranwater a1 the end ina
halistes and integrated mannar in thinking about wataer and senitatan'We need ta hove the

mtormaticn for the lanks which axigl on ihe site of nivargity
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AREAS OF SUBIECT

L. SOME DEFINITION:

THE BHPLUVIUM is B rairmwater collection systam mada up o & surfpcs, gutlers. pipes
circulating resnwaler 0o the tenk. ard & storage tank. (1)

STRRAGE TANK k5 a aquipmant of various volumes and ditterant shapes (0 STohe wated 10
b conguimed oF used (2]

IL RAINWATER BACKGROUND:

Thia raivwater that is $oing to be stored must first = intercepied on a surface called
IMFLUWVILM which can be judged sccosdng 10 two oritena | healthiness and the copiTichant
af runafl, The protecton of impluvium mugt therafore be a premany cancenn, Including the
instaliation of a fence, 10 prevant the appreach of animals and the passage of peopde is
aasantial, It will kave & tweet glops of W1

The guality of the aimasphare through sehich reinwaler passes must be considenad
depandag on the context propct |ocation, Intead. batora aven arriving on 8 root surtaca,
rainwater prasents an acidc character and may contain reces o1 pealicides. hydrocarbans,
FEANSME pathagens, or ceripan haavy metals, (3

Locad raintall and weather conditions can also cougse singng wariaticns in the quality of
collected raineptor depanding on tha intensity and frequency of rain. Thus, a regima of
hizavy precipltation with alternation of long periods of dey weather will cause great variation
in rainwatar qualsty recosared

In @ rainescater harvesting system which consists of a collection system (tha rood), recoveny
\gutiers and pipes) pnd storage (Tank), (4]

The quality of rotnwater runaff downstresm from roofs varies greatly, She depends on bath

fromm Ehe recaiwing anvironmsant. ropt materials, design and nature fecovery system.iank

materials, ond sicrage conditions. (4]




1. THE STORAGE TANKS ONSITE-QUALITATIVE LOGISTICAL ANALYSIS:

Location of storage [anks near 8 heal spurce (solar expasure, proxirmily 1o the boilar room
tyatam) should be pvoided. bacauge 0 18 likely 1o promote the devalopment of
microsr ganiem, Polyvingl chiofide recovery tenka (FYE) or high densily polyethylens
|HDPE) must be analyzed lor the raivsaler recovesy, iNerl concerning waler, sulljact Lo

atmaspheric pressura, (5]

Currently, st the UNIVERSITY OF ANTAMANARIVO. different tanks are installed nest
buildings, some pre placad in the gartan and they are powarad by HRAMA industry (JIm sy
RéAno MALBgasy)

FHGURE 1 Theoss 1arhs resar ke sciance depar man
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Thay cin Slofed 50 B liters of waled. Balore we usa i1 il cleaning the telels and now.
thary pra Ao long e Tunc tional,

FIGLIRE 2 ; AP gFf 1tha Unmarsity & Enbansner v « Tha scencn doparlemen] =
whech conest Aha Branes Lanics.




FIGURE 3 : Tark in ihe garden of the economic depsriment

According to the information, this tank can stored 10 000 Liters of water and it & powered
with the water from IKOPA by & local company, The intter is transported by truchs.

Thie stored water is pumped in order to waler the gardens, the flowers and evan to minimize
JIRAM A wataor,

FHGURE 4 : WAP of iha Linfarsity of Aniansrariva ' « ths gorden of scoromécs
chispudi] iwiry] = whicl gz & lanks
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FIGLIRE 5 - An ssaal blug tack and e Baritontal tenk in b building of The « BMdagascss
Insditube 2or Voooire «

An acrial bfwe tank of 3000 liters localeted near the research of vaccinge building. alsa have a
horizonital tank for 3500 litres.There is a solar panel to provide ancrgy ond fo pump tha
water siored In the horizental tank to the averhaad famk,

The water store i wsing for watering 1oo the litthe garden and for cleaning equipment.

FIGLIRE 8 : BAP G tha Uedvarsity of sl randr s : s B Buldeg ol (B Madagaicnr na e
T Wascing = wihiech @xisd s lanks
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Mear from 1he sconcees depoartmant, an undarground cistern made manually by digging 3
puctesshoas cubas nked 1o each gther by & pipe with @ volume of B materd | thig glorags

can help tha tanks in the garden wilk reinsater.

FIQUSRE B MAP & thin Liiivadgily o BnEhidinaieed @ = Pl Gl 1hui s cnuimest dopar tmant = wheeh
Exist an undoengiourd cistarn




FIGRURE & ; An tenk faar 1Fss faimming pool with the solumeas ; S000 L éra

Thés tanks is needed for storage tha waler to wash the toibed near the swimming pool and

It 1% 100 powened by NRAMA

FIGLIRE B : MAP of 1ks Linharsty ol Antangnadiva ;< nsar of the swimming pool = which
i N & Bl Lk
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FIGURE M0 : A fank Do = Thae AMPH] baslding « with tha volumas @ 2500 lners
Thig fank of 2500 liters is used for the busldings « AMPHI and the BIG AMPHI = in the
ioilets and it halp (oo the wnderground sirorage e store the water for [he
degartmenl. IRAMA possarsd thiz 1anks.




FIGURE W : MA&P o tFe Linhwiriily al AnBananaimed - A lank A « the phididoncy buslificg = with Eha
volumes: - 1500 liters

The storage at the presidency has a capacity of 153000 liters and supplies water to several

faculty.

It is price vary depending on the storage volumes, for 10m3 or 10 000 liters, they cost 12,588,
D00 Ariary or E2.942.000 Francs and far wolumes of 7.5m3 therofore 8,840,000 Ariary or
48, 260,000 Francs. indeed, cistern for 3000 liters cost 7,248,000 Ariary or 36,240,000
Francs and 8.028.000 Arory or 40,140,008 Francs for tha solumes of HORZONTAL
confainers, (B) Considering the diameters of the lids. We can enter the tanks. Furihenmare

wit can clean these tanks on the oulside but it is a bit difficult an the inside. [G)
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CONCLUSION:

D the ANTANANARND universily, thérs B an undergnound sorags near The aconomics
depariment with the volumas | 24000 liters &nd o ite garden.s tans of 1000 liters & In
the building of Mpdagascar institute of vaccing (here s 3000 liters an 3500 Liters, 1
exigl 3 lorge lamks of SO000 liters near (he chence depariment. An lanks o he
prassdancy bullding with 15000 litara. Thera s (00 an [anKS mear he Swimmeng pool with
5000 liters of volumas and abave the AMPHI building.a blue tank of 2500 litars. Tha total
voliafed of axEsiing Lanke o e uivivarsity sile is 2173000 liters,

REFEREMCES:

i Aadacison | = Fiche technigua de CREPA = -page 1

1= J— hitpatawe lubpa fefregarsas -glockage-eau- potable-pehd-waholite

1 cATTIEE in Technagues Sciences Matheds : lenuary 2005-page 22

{4} MCDE Stromwater Design Manual-C7, crodit for ralnwatar harvesiing systams
{5) o Bt fevee fontaine-ingeneriefr « Optimiser la récupération des eaux de pluée =

{6 oIV EEE A, mak il aEE Mg
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TAINABLE VI

LINTRODUCTION:

Today, drinking water is used Tor all Kinds of purpodas sdomestis, agricelluvral, Bdusiriall,
mchinding thoda for which this guality does not sedm assenlisl. Nowadaya, raifmyater con e
used for certhin purposas that ane in e wilh this loge. In partscutar, if it BB mpossibe o
nfdirate réenwaler @ gilu feclaiming it fof use B & way of predarving the rescurce

quaniitatively, Moreover, rainwater has long been percaived as 8 source of mulsance o be
dispesed of (1), The installation of water resenvoirs and underground drasnage metworks at the
Univarsily of ARLananarig was essential 1of Cortin Ses; we Can promole and impaove water
storage Bystams 1o guaranies he neot Yead of perhips years b Com,
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Il MODELS AND RECOMMENDATIONS:

L' Water collection systlam:

Hear tha Facully of Science. thess are three (3) non-functionsl waler storage tanks
{90,000 liters). During 1ha ramy seascn (hey can be udad 1o store 85 much rainwaler o
poasible. The lengih of the gulier depends on the surface area of tha rool caichmeni
withen tha facully. which s related (o the storage volume and the annual raentall

Aecording to the simplitied Gesign we recommand an agglo basin 10 evacuale the waters
nof stored by these thrées axisting tanks (o the drain and & single water infake with taps
fof uas, (2] We can alona raanwaler withowt waiting for fha water distributed by JIRAMA.
thé volumes of tanks are necessary and wa can have large volumes of waler but. Al the
snme Dima, exigling cieterns of the sama volemae can o ingtalled fo recave water froam
JIRAKA

uther

Bouilifing . e R -

Tamix 1 Tank 7 Tank 3

Bagin in agglo

g iar Fou ﬂ':dl'g Hires rln_:rl-'.m:r.-:-'-:ui cisberms rear the l'a-:u_ll-. o Bowence |

Figura I Faninwaior harvisting desien near 1he Faculty of Scienon
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The aplimazatean of the water callactoon system is udalul given the non-Tunctionality of 1hs

tanke, g0 its use ks favored Tor yaars 1o Come and 10 &C1 a8 & model. Balow 5 the locatan of
he RAnE.

fu i by e S

ok M W T b R 18 LT

MAF 1: Location of e thise non-Tunctoemal citanea msar ihe Faculty of Sconce

: o
FAErCE po



TAINABLE VI

A dry apan-air bagin

It iz uweful for incressing the volume of waler stored al the universily sile dusing rainy
avanle, In dry waather. they can be usad T other purposes [pedesirian zone, garden of
play areal, Drainage is often required to keep the basin dry during wel weather, and the
slopas af the structure must be gentle (3 m long by 1m highl, Maintenance is g0 impoariant
that muddy areas can form al tha bottom of the pend. In this case, a drainage system i
raquired. (4}

Infiltraticn bassns allow waler (0 be lemporanily stored bafore infiltration, and positionad
at 8 low point fo ensure gravily operation, Easier to implement. but the aim s to aveld
infiliration. aa the use of cemant liners (o capture raimwates ig lundamanial (59

Wa can recammend seweral large undergroend storage wolumes on & sloping site
{unFearaity hill) with 8 volume of B cubic metars, for maximum waler storage and ather

uses such as watening.

Design

Sloping srface a

Camaniad
kasin
{length: Fm,

width: 2 mi) 2 meders

Basement of the hill

HBasaman surfacne

Figure & Hainwader harves bing dasign for {the university hill basin
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Sloping land is the mosl recommandad for maximum possible water flow from basing af
precige volumes. The MAP bolow shows the location of tha el

e it i e b

R L e e e ]

MIAP 2 bnclined site 1or @ dry open Basin a1 the Unkorsity of Antanananso




TAINABLE VI

3An infiltration trench:

Trenches are parfecily suiled (o urban areas and similar (o dey open ponds, and can meal the
nedds of differant typas of apace, such A near a rolling road downhill within a ppe. provided
the Latber's foundations or amy subsoll are well protected from excess moisture, Surlace
matenals can be a walerprool coaling, or grotes bwhen wehscles drive over them) lor
mainienance puposes. (5)

Water sinply can be provided By infilieation of run-alf water through the porous pavament,
Iput phed S-colnic- e e wolume Basin ks fundamantally Built up By muliplying the waler ai pipe
leval, Adveniages inclide good LAndscApe Integration, easy mainfenance and simpla
matallaion (G

Design &
., R canal surtace

kL g
Cemenied e —_—
Leasin )
{langth: 2
meElries and 2 melers
diop: 1

Pipe basemenl meire)

Basesment surlace

Figure X Rainwaior harves g design for pips siles




SUSTAINABLE V' ADEN o=l 124 ED. 001

Along the Undwarsity"s pping circuits, various devices can be placed ona basids tha ather with
a difference of argund | meter 1o obiain raivwater whiss purpose = [0 GgHimize exciting
reserves for Building, walering or gardening

MAP X Possible canalizaion for on il iration irench ak the University of Ankansnarve
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4 dncraaad in the numbar of evarhead tanks in all départaments

Whithen the site, [he various Buildings have the capacity 19 install cverhaad 1anks on oF ofl
thair rosts Ths aystem can capture and optimins the volume of raifvwater collacted within
Th umiversily grounds.

Cloga Lo the vacting resaarch buildeng, [ overfesd Siorape model s nacesaary il hera i
be gpace o place the lanks and pillars. The systeny's power supply depends an The vollage
provided by the sclar paneds 1o bring the siored water up froem the teerasinal tank 10 ihe
aarisl

Tanke wia wires and pipes; the Sesign Delow can give some of The detadls and shows that The
Blorage o iwice as ood s the axisteng (enk Decause thera arna

anethar B000-litre ok @ [he middle of the pillars. [7)

Mates

[hesign
o sodar

| [0} WNE Bullding

Figura 4 Rairwarler harvesting design fof ovarfead Ranks

JFEF SV - 2024 - ISSN p. 399/ Articta p.10



This madel is accepianbe To the site. espacially to the warious incidties or university buddmgs,
il there |5 space Tor the tenks and =olar panets. Almost all wniversty buddings hawe collecior
raafe.

e THRTIL DB IT o R

MAP & Buildings Tor aarisd fanks at Tho Univérsily of Anlaranariva

JISF SVA - 2024 - 155N p 390/ Article p.il




I, SUMMARY:

Given the total volume of existing tanks within the university site: 213,000 liters, tank
optimization i fundamental by building raimeater catchment models based on thesa
volumes. To increase the volume of water stored in the coming year, the functionality of the
tamks near the Facully af Secience, ihe installation of open-air basing of varying volumes,
inflliration renches 8t pipe leval. and owarhead tenks on buldings,

V. CONCLUSION:

Inp nutshell. the punpose of reinwater tANkE is 10 relléve us of the expenss of CoNNECTINE 10
tha regular waler supply nelwork. Our axisting tanks may nod Do able 1o cover all gur on-gite
nesdls dug (o profonged dry spedls. Underground networks ang required in sddition 1o water
collection systems through reofs, infiltration basine on sloping surfaces ard infiltration
tranches.

V. BIBLIOGRAPHY:

LGuides and solutions for stormyater managament-March 2007

fBrochy  SYMALOL-Stormwater  managemend-Guide 1or  implemanting  alternative
technques-Juns H016

& mERpE wearw SCiencadineciecomdoumaliresilt 8- in-anginearing

4, Ahdne Alpes Reglon 2006-"Powur ip gostion dos saux plyviales-Stratdgie and technical
salution

. hittpsy iwwasiavosfr

Glean VAUTHIER-Memenio 2017-"Daesigning and sizing stormwater management and
wastawater collection systems™.

1. Environmantalists-21 August 2008- “Water use system de plube dans le bitiment -Régles
al bonnes pratiques” (Rules and best practicss for raimeater harvesting in buildings)

- 2024 - I55N p.331 £ Article p.12
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[repersiey Brailod @ SuFey RAME MAHERIMIAINA

Introduction to the research by Mr. Steany Randriamaherininaing: Assessing the Aging
Infrastnecture of the University of Antananarivo

Thig repart. suthared by Mr. Steany Randriamabanmingsmna, prsndes & crilical @xaminaiion of the
aging mfrasiruciure af the niversily of Anfananarivo, with a parficular focus on the buildings
consiructed during the 1850 and B60s These siruciwres, once symbals of scadenic progroess
&nd innovaon, ae ne showing signg of sigréficant dedevioranian. The repart kghlights both the
podential opporiunilies and the rizks associated wilh this fadling infrasirociure, amphasizing the
urgrani nodd for comprahaniive imarovamen i

The Universily stands as o beacan af tearning for the nexi generation of [saders, scieniisls, and
mnovarors m Madagascas, yel sfvdents and faculfy alike are increasingly preaccipied with basic
water meeds raifar than the purswdt of knowledge. This siluation woderscores 8 broader
challenge — white these historic buildings hotd immense polential. they also prasent subsiantial
risks o fhe Boealth amd safely of tRhose wie redy on Eham dady. (T i imperative thal wa scl oo 1o
agdreas these crefical infragiructure challenges, ensunng that the Undvarzity can confinue to
provide & condudive snvironmani for leaming and growih. By priariizing Thess Fnprovements, we
can offar the next genersion & future Budl on hope, Sacunify. and the pramies of acadamic
BECH|ICE,

FWIADINE FIEIDE, TIALIEINE CHERDE

L
& JACQUELYHN JESTINE
¢) SANDERS FOUNDATION
0

LISF SV - 2024 - [S5N p.3592 f Article p.I
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| FRESIDENTIAL BUILDINGS

Roof charscteristics:

: Rool type Rood perimeter (m) | Rood area (m)
Saar-% haped roaf | Dialbes T8 F21.42
Roof ol the two Dalles [Ba-G) [178-160]

buiidings

Ficturas:
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Il UHIVERSITY LIBRARY

Roof characteristics:
| Roof type | Roaf penimeter (m) Roof area ()
Sheel metal LES | 1702

Ficturad:

S AL
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. GYMMAGE

Roof charscterigtics:
| Rool type Roal perirmeter (m) Raal ansa (m)
Sheet metal 185,03 1965 18
Pictirad:

(\S5M p. 398 f Article p. 7
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Raimwater drain plpes

V. MADAGASCAR INSTITUTE FOR VACCINE RESEARCH

Roof charsclerigtics:

[ Root type | Rool permeter (m) Foal area (md)
Shedl rmelal og 82 440 7T

Pleturag:
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V. EGS FACULTY BUILDING (ECOMNOMY; GESTION: SOCIDLOGY])

LBuilding A

Reg! characieristics;

{ Rool type Foof perimeter (m) | Foof area {m)
Sheet retal | 110,68 | 615,15

Ficturas:
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2, Buildsng B

Roof characteristics:

[ ool typa | Rool perirmeter (m) Faaol area (ma)
Sheat mstal 111 G29,96

Ficturas

F&F Svad

2024 - ISSN p 402/ Article i
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3. Conacad

Roof charscteristics:

| Roof ype | Roal perimeter (m) | Rool area (m7)
Sheal ruetal | 204,61 256057

Ficturas:
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&, Cathédral:
Roof characteristics:
Rool typa Rool penrmeter (m) Rool area (m)
| Sheet metal | 17344 1623.79

Ficturas:
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5. Bloe 3:

Roof characteristics

[Rool type [ Rool pernmeter (m) Raoof area (md)
[ Sheet metal | B1.97 489,04

Fiaiuras:
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VL BUILDING OF THE FACULTY OF SCIENCES

Roof characteristics:

Rool ype | Roal perrirmsatar (m) | Fioaf area (M)
[ Sheet metal | 280,27 | 2006.53
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1. O Building

Roof charscteristics:

Rool type [ Roof perimeter (m) | Froal area (m#)
[ Sheet metal 13681 | 1004, 75

Ficturas:
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&, P Building

Roof charscteristics:

Roof type [ Roof perimater {m) | Froof area [n)
[ Sheet metal [ 116,86 | 678,57

Ficburad:




3, 0 Building:

Roof charscteristics:

[ Rool type | Roof permatar (m) | Roof area (me)
| Sheat metal | 11505 | 657,08

Ficburad:




4, ) Buildang:

Roof charscteristics:

Rool ype | Roaf penmatar (m) Foof area (m#)
| Sheet meatal | 116,36 | 67287

Ficturas:
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5. HAS:
Roof charscteristics
Rool ype | Rool perirmabes (m)

| Shasst matal | 153 54

Picturas:

Raal ansa [m)
| 1281.38
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B, Cannca:

Roof charscteristics:

Rool type [ Roof perirmater [m) Foof area [m?)
| Shaat rmeatal 179,09 1B%4. 70

Ficburad:
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T. 03

Roof characteristics:

[ oot type [ ool perrmeter (m) | Roat area [me)
[ Sheet metal | 93,00 | 4573

Ficturas:




Wil. BUILDING ON THE HILL

L.Dicos:

Reof charscleristics:
| Rool type | Roof permster (m)
| Sheet metal B2 4

Ficturas:

| Roof area (m)
| 154,65

JIEF SVAJ - 2024 - ISEN p
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2 Mineral chamistry laboratary:

Roof characteristics:

Rool typa | Roal perimatar (m) | Roal area (md)
[ Sheet metal | 63,51 | 201,79

Ficturad:

MEF SVAJ - 2024 - ISEN p 41§ Article p25




3. Gdalagy:
Roof characteristics:

Raond fype ool penmetar (m) Rool area {md)
" Sheet metal [ 6303 194951

Ficturas:




4. Général Pharmacology Cosmiétology Pharmacokinetics Laboratory:

Roof characteristicss
Food bype oot penmetar (mj Rool area (md)
| Shesi metal | 55,09 153,06
Pictures:

A EN. 001

JSF SVAJ - 2024 - ISEN p 418 / Arti
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YHIL BLILDIMNG OF THE FACULTY OF LETTERS ANMD HUMAMN SCIEMCES:
Roof charscteristics:
Roof typa | Roof penmater (m) | Roof area (mf)

| Sheat metal | 254 B3 | 177200

Ficburad:




. APFE:
Roof characteristics:

Rl type | Rool perimeter (m) Raal amea (m)

| Shaat matal 203,46 | 2530.07

Ficturad:
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2. Dami-ton e

Roof characteristics:

Rool typa | Roal perimeater (m) | Roof area (me)
[ Sheet metal | 92 36 | 485,38

Ficturad:
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3. Mpandss language Laboratory:
Roof charssberis tics:
Rool ype | Roal pesrmeter (m) Raal area {md)

| Sheet maetal | B3.44 | 441,22

Ficturad:
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X, BUILDNG OF THE FACULTY OF MEDECIN:
Roof charscterigtics:
Rool type Rool petimeber (m) Roal ansa [m)

| Sheat metal | 1284 | 730,36

Ficturas
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1. Cathdbirsl:
Roof charasteristics:
Foof type [ Roof pedmeter fm)

| Sheat metal | 152 04

Ficturad:

Foof area [m?)
| 1204 27
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2, Canpca:

Roof charscteristics:

Rl type | Rool perimeter (m) | Roaf ares (m?)
| Shaet matal | 17902 | 182378
Pietiras:

"1

i,;.,

I- i
e |
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L INSTITUTE CONFESIUS OF THE UNIVERSITY OF ANTANANARIVO

Roof charscteristics:

[Rool type | Rool penmeter (m) Roal area (me)
| Shaet metal | 142,22 | 866,53
Picbiirag:

gl

e




L1 BUILDING OF THE XYLOTHEGUE

Roof characteristics:

Rood ype Rosod pianimater (rm) Rool area (md)
Sheel mudal 52.11 143, T

Ficturad:
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ElL IMGP BUILDING :

Roof charscteristics:

R'r'.l-ul typa | Rool perirmabes (m) Raal ansa [m)
[ Eheer méal | 105,85 | 646,92

Ficburad:
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KIIL Theeis rocm Ankalss

Roof characteristics:

[Rool type [ Roof perimater (m) Foof area {m?)
| Eheat métal | BaT | 388,96
Picturiag:

f e E e
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LIV BLALDING OF THE POLYTHECHIC

1. Présfa &
Ro! charssieristics:
Rood ype [ Rool penmsaber (m) Raool area (me)
[ Sheat métal | 7238 | 286,13
Picturas:

JISF SVAJ - 2024 - ISEN p 432



2. Prifa 2:

Roof characteristics
[ Roof type | Roof perimater (m)
| =heet métal | 7z.88

Pleturas:

| Fooof area {m)
| 291,23

5 T oyl ) G
.{.—J B® Dok, [AFGE
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3, Dami-tonnanLs

Roof charscteristices
Roal type | Roal perimeter (m) | Roal anea (m)

| Sheet métal | 89.5 | 439,18

Picturas:
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Ceagroplie Informanon Sgstem (GLE) Analy@s - 10 Srwadanan, Kibe

We are plonsod to recognize the significant contributions of Mr. Jeff Kibe, a distinguished GIS
expert based in Konys, whose expertise has been indispensable to our work over the past year,
Operating remotely, Mr. Kibe pravided critical technical support and spatial analysis as we
axplored the University of Antananariva’s landscape in search of viable solutions to the
region's water crisis. His proficiency in gecgraphic information systems has been central to
intarproting complex spatial data and generating the visual representations featured in the
following pages. These images. which offer bath clarity and depth to our understanding of the
landscape, are a testament to his meticulous approach and dedication. Mr. Kibe's involvement
underscores the value of interdisciplinary and cross-regional collaboration in addressing
pressing snvironmental challenges.

BFILD WD YIEITN,; FIALIZINE CHARTE

L
JACQUELYN JESTINE
| l SANDERS FOUNDATION

JISF SWAST - 2024 - (55N pd35 7 Arlicle p.f
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Ceagroplie Informanon Sgstem (GLE) Analy@s - 10 Srwadanan, Kibe

GIS Analysis by our
International Correspondent in Kenya!

By laffray Kiba
Internaticnal Correspondent, Kerya

Beprinted frarm the Sustainsble Vision [ournal Quasierly
Magazine 2024

LISF SWd - 2024 - IS5N p.436 / Article p2
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Geographic Informatian Spster (GIS) Anolysés - 3D Simudatian, Kibe

Eeprinted from the Sustasnable Vision Journal DLr-IS-ﬂHI}'
Magazine 2024

AISF SWAL - 2024 - ISSN 437 ! Arircle p3
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Geagraphic Injormation Spstem (GIS) Analysés - 30 Simudanian, Kibe

THE SOUTHERN RICE LAGOONS (ZONE 2A)

Reprinted from the Sustainable Vision Jeurnal Quanerly
Magazine J024

LISFSVAL- 2024 - ISSN p.438 / Article p.d
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Geographie Infoematian Spsterm (GIS) Anafyss - 3D Simudaran, Kibe

THE NORTHERN VALLEY OF THE UNIVERSITY

Reprinted from the Sustainable Vision Jeurnal Quanerly
Magazine J024

LISF SWAJ - 2024 - ISSN p.438 ) Arifcle p.5
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Geographic Informatian Spster (GIS) Anolysés - 3D Simudatian, Kibe

BIRD’S EYE VIEW OF THE LAGOONS

Zoom in on the Rice Fields Today

. —
- A

Reprinted from the Sustainable Viskon Jeurnal Quaniarly
'-Hg-!i‘.ll'l-l? 20da

LISF SVl - 202 - IS5N p.440 F Arlfcle pb
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The Garden of Eden Model: & Pathway to Water Autarchy and Sustainable Solutions

The Garden of Eden Model reprosents a holistic approach to environmaental sustainability,
drawing inspiration fram the idea of a sedf-sustaining ecosystem that harmonizes the natural
world with human innovation, This medel seeks to integrate ecological principles into the
design and management of wrbon spaces. offering a framework  for creating resilent
envircnments capable of thriveng with minimal external input. At its core. the Garden of Eden
Model amphasizes odiversity, walef consaervation, and scosyslem rectorslion, provding a
blueprint for sustainable bving that aligns closely with the goals of the Foundation in
promoling notural, nachhalbig (sestamable) solutions o global erdronmeniol challenges.

The model's significance extends far bayond its concepiual design. It serves as o comersions
of the Foundation's broades mission 1o fosler emvaronments whare human development and
acological health are nol in oppogition, but rather in a FI'"..IIU-H“;' rainfoecing relptonship, By
refmagining how we interact with natursd systems, the Gerden of Eden Moded lays the
Eroundwork for sclulbons thal address oritical Bues sech as waler scarcily, land degradation,
and resource deplotion. Through the implesnentation of this model, the Foundaison sims do
demonsirate that it is possible 1o reverse the damage done by unsustainable praciices, while
simullanesusly promoling inncvalisa stratagies for fulure genesations 1o e s armony with
tha planet,

Iri thea centaxt af the University of Anlananaria, the Garden of BEden Modal = cantral 1o tha
proposal for achiowing 100% water autarchy on campus, By harnessing advanced waler
management technigees, including rainwater  harvesting,  wastewaler rocycling, and
st tainable Landecaging, this model envisions o universily that & not oaly sell-gulficient in ite
water nessds but al=o 8 model Tor sustainable resoerce ysa and ecological slewargship, Tha
integration of green spaces, urban agricul ture, and regenerative design principles ensures that
walar meanagemanl becomes B dynamic snd ohgeing procass, roaled n ecological principles
rather than axiamal dapandanciss

Thigs approach is nod merely o theoretical exercise bul 8 practical solution 1o & very real
challonge. The Gardoen of Eden bodel encopsulates the Foundation'’s wision for creating
resilient ecosysiems capabla of sustaming both human ard ecological needs in the face of
increasing gplobal precsunes. A thie pages that follaw llustrate, the propesed moded is ol jest
B golution Tor tha University of Antanananneg: if = a moplicable framewark that can mnaping
similar afforts in other institutions and communities worldwide, contributing to the larger
Elobal movament [onwands sualainability,

L
2 JACQUELYN JESTINE
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Introduction

The Unesersity of Antanamarivo, mesiled in the
vibrant capital city of Medagascar, is home fo acres
of lush rice research fiolds, These fields, which
receive abundant stormwater from thi expansive
S0-hectare wniversity gprounds, present 8 unigue
cpportunity 1o transiorm the campus and addross

critical infrastrscture challenges.

=

By corveriing these rice fields nio constrected
wetlands, the university could create a stunning
ecological feature that not caly enhances the local
bt
solution o waler scarcity. This ambitious "Ganden af

enviranmisnd alsa provides a  sustoinable
Eden™ project holds the polentinl 1o make the
university o beacon of scologicad innovation and o

magnel for eco-Tourism.
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into con
sariag of intarconnecied
woter bodies
that mimic
mafurol
wetlond
ACoEySTEms.
Thesa
wellonds
oLl sense
MEBE
ERIFDOSEs:

T oL
Al It WL

Fruit Tree
Shaded Lagoon
Storage &
Biological Water
Treatment

[Drinking] Woter Manogement and Storage;
Constructed watlands con effectively capture
and sfore starmwater, reducing the risk of
Roodiy rEaAing O steady supply of
waoter throughout the waar. This is porticulorly
cruciol far the wversity, which curmently
strugy s werith waater imfrastracture
chatlenges.

Blodiversity and Hobitot Creation: Wetiands
are known for theair rich biodiversity. By
creating these ecasystems, the university
wowld support o vanety of plant ond animal
species, contributing [o condensation efforts
and emhameing the toco! enviramment,

Educational ond Resrarch Cpportunities The
constructed wellands would senae o @ [iving
lobaratory for students and researchers,
r:-1'.:.||.-'.i.,".|||'|;_? ha ; AR TN O S i

ecology, & TN [ o, and
SLETARabeE WETEr RO FEmEnL

Aesthetic ond Recreotionol Valuwe: A
beautifully designed wetland aréa woauld
offer serene londscopes for refaxation ond
recreation, enhancing the compus's apped o




The Garden of Eden
Solution

Addressing Water Infrastructure Challenges

One of the most pressing lssues facing the
Umiverzily of Anfananarnvo & the lack of raliable
Stiaents and stafl offéen
face water shortages. which can disrupt daily
aclivitles and academic werk., The “Garden of
Eden” project aims to tackle this problam head-on

by

walar - infras froc fuir.,

Rainwater Harvesting: The consiroected
watlands would act as & massive raimwater
harvasting =ystem, caplureng runoit Trom the
university grounds and storing it for fulune use.

Bermaculture
_.IESEErch Fields

Groundwater Recharge: By facilitating the
infiftration of stormwater into the ground, the
wellands would help recharge local aguifers,
improving the overall water availabilily @ Ehe
risgrion

Water Quality Mmprovemant: Wetlands are
nalural filters. capable of romoving pollutants
from water through physical, chemical, and
b oricdl procesces, This means that the water
stored in the wetlands would be cleanss and safer
fov drsa.




Constructed Wetlands

for Stormwater Management

Academic Fesparch and Feumdabion Support

im 2024, the Iscquelyn lestine Sanders Foundation
gonerously funded a pivotal academic resesarch
imndblptiee i R Lindvergity of Andananania

This research, encapsideied in the Susisinable Vision
Acacemis Jfournal, has prowided & comprebensées
pnalysie of the  wniversity's waler infrasirecfune
challenges. The findings from this study bave led o
the development of the “Garden of Eden” propasal as
the opfimal sodietion,

The  research highldghted the crifical need for
anovalive waler MARAgemant siralaqios 10 airess
ihe unveergily's ongoing water shortages. The
proposed construcied werlancs amerged &8 8 corg
component of this sofution, offering & mulidacetad
approach o susigdnable waler management. T
project repressnie the heart of (he proposad water
managemaen siralsgy, promiging o ranstorm the
umvarsify anip & water-rich, acofagicadly wbrand
CamgaLs
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Predicted Flora

Madagascar i ramownad for ifs unigue and diverse acosysiamse, hame
o many specied found monchéra ol an Eafth By comarting the rce
régagret Nalds & tha Universily of Antanamarive info consiroechad
wellands, thie “Tarden of Edan” profect cowld srtracl & wbrani rangs
of plant and snimal species. enhancing Nediversity and acological
vatue Hargs & prédicton of the Mara and Fawas that might Mooz in
ihig fdt whe tland habidar

Agpuatie Planle:

s Water Lilies (Nymphaeacasa): Known far their beautitul, floaling
flewers, theso plants will thewe in the sl waters of Ehe
construcied wetlands,

s+ Papyrus (Cyparus papyrug) Common in welland areas, this plant
can create dense, grean stands thai provide habitat and profection
far wildidfa.

+ Duckwead [Lemna spp) Small. Moating plants that can guickly
cover the surface of the water, previding feod far varicus agqualic
creahures

Waier Lille / Phoin Crsdhi; Coosws Pon Sinck

Emargent Vegolalion:

« Cattaite (Typha app). Thege fall planies wilh obsfincing Brown
florar apakes will extghlsh slang the waler s adge, halping with
fillra i and gvasion condral,

Bulrushes (Sehomnopleciue app. ) Fownd in shallew walar, thase
pfants offer nesting materigd and ghelfer for binds and ather
willdlife.

Watlend Trews ang Shrubs:
« Willows (Salix sppl): These trees thove i wet congifions and can
halp stabdlize the soil along the wetland marging

PairyTus | Phobo Gredit Canva Pro Stock




Birds:

L

Madagascar Pond Heron (Ardeala idael: An
endangared spacies that could find a new
habdtat in the wetlands, benefiting froen the
abundant Tood supply.

Madagascer lacana (Actophilormnis
slhinuchal: These birds, with their stniking
appearance, wolld thrive in the watland
EnIrommant.

Kingfishers (Alcedinidae): Vanous kingfisher
species would be attracted to the watland
for hunting fish and insects.

Amphiblans and Repthles:

Tomato Frog (Dyscophus antongdii): This
brightly colored frog species is native 10
Madagascer and would find the wetlands a
suitable habitat,

Madagascar Tree Booa {Sanzmnia
madegascanensish: These boas could inhabdt
the riparian zones, preying on small
mammals and birds

and Fauna
for the "Garden of Eden" Wetlands

Dragonfly | Photo Credi: Canva Pro Steck
Invertebrates:

= Dragonflies and Damselflies {Odonatak These
insecis ane vital indicators of a haalthy
watland ecosystem and would ffowrish in the
nirw' habitat,

« Butterilies [Lepidopterak Species such as the
Madagascar Giant Swallowtall (Pagpilio
antenor) would be atirsciad 1o the diverse
phant [ife.

Tomato Frog [ Phato Credit; Ganvn Pro Sheck
Fizh and Aguatic Spaciss:

& Cichlids (Cichlidaalk Divarse spocies of
cichlids, native to Madagascar's waters,
cald mbaliT the constroc g wellands,
cantributing to the aguatic biodivarsity

s Freshwater Crabs (Potamonavtidee):
These crabs play & crucial rode in the
watland ecosystem, helping o
decompose plant matarial,



Wetlands Agroforestry Agricultural Research
Center - Leading Africa in Rice Permaculture

Ecotourism Patemntlsl

The “Garden of Eden® project is nod anly about
sodving waler problems: it also has the potential 1o
pasition the University of Antansnavivo as a prime
rosearch and scatourism dostinatian. Modagascar is
mroady renowned for ifs wnigue odbeersity and
nativral beaurty, artraching howwists from around the
world. By creating an cxemplary ecological featune

within dhe capital city, the universily canc

« Attract Visitors: The construcled wellanas, with
their diverse flora and fauna, cowld become a
majar  attraction  for  eco-lourists,  natne

anthisiasis, amd researchors.

»« Boost Loced Economy: Incroased fourism would
bring econamic benefils to the locad community,
creating job opporfunities and supparting local

husinesses

& Promate Environmental Awareness: The praject
wowld sorve as a  mogel  for  susindnable
develppmen!, inspiing  wisitors  and  [ocal
residents fo angage in conservabion effarts snd

adopf eco-friendly prachices.

Wallands Agralerantry Rikameh Cantar,
Antnnararive. Fhodo Credit: ComanOpendirte

Wetlands Agrofores try Resosnc b Genior,
Anjananariva. Fhasio Credin ComanOoeninm m




Modagascar is ronowmed for s exfracndinany
bicdiversily, with & high percentage of flora and fawna
that are fownod mowhere slze an Earth. A wellancs
agroforestry  agriculiural reseavch cenfer waowlo
fighlight the island's unique acosysiams and offer
visilars a chance 1o abSarve rave Soecios an ey
matural habital. This cenler wolld sevve ag a living
murseumn af biodiversity, atiracting ecodourists keen to
experience Madagasear’™s rich nabural Farage.

Research Collaboration &
Ecotourism

Banafits for Othar Unlversities and Agricultural
Research Centers - Collaborative Research
Iwolving  other  uneearaiies and  agriculiural
rasearch cenlars an this project would Tostar
collaborative research and knowledge exchange
Ingtitutions coubd shase experisse, resounrces, and
dats, lepding to more robust resaarch gutcomes
and innovations in sustainoble agriculture and
conServalsn

Ediecational Opporfunitios
The resoarch center could
offer guvded Fours,

Wik ahaps, ana
mducational pragrams thar
engage visitors in hands-on
[SarnIGE &5 el ncaE.
Thesa programs could
cover fopics such as
wirlland restorabion
aEgroforesiry rechinaguaas,
and sustpinabie farming
praclices. By integraling
Eduealan wilh tourigm, the
canier wolld fosrer &
deeper understanding and
appreciation of acalagpical
wnd agrculbFal Pessarch

among fowrists Porerts CrendiL:
Community Engagamant
Such & center would likely imvodve  focal

EouThTAMERES of 112 Oparafang, prevding [ham wilh
amplopment oppartniies and mealving fham an
conservation  and  ressarch  asctivibies This
engagemeni  would enkanca hé acclouriEm
gxparignce by allowang wieiters 1o inferpcl with
foc  people and leam sboud  their  culiure,
irddirions, and susiainable ving praclices. This
kind of communily-based fourizm can help updift
(s ecomumies and ansurg hal the benelits of
tourism are shared widely.

Global impact

The imvalvament of
mulitfple institutons could
olevate the project’s
il arirscring
infermvarional artention sy
funiing. This giobal
collaboration could lead o
the devalopmant af Bast
practices thal can e
appfied in other paves of
thé world, anhancing [he

giabal snpact of the
rosparch conducted af the

[iip]dii

Weilsredn Sgroioreatry Heseech Corder. Anlsnanarre.

T g il

Enhanced Research Outputs

By collaborating with & Sn'arse groud o rasaanchars,
thie conter could produce comprebonsive  and
interdisciplinary research outputs, These publications
could pddress A vwide range of 1opese, Trom acologcal
rasicralon and biodivarsaty COMmBRTEaLIOn {£4]
sustaimable  agriculture and  climate  resilienos,
cantribuling signiticantly (o the scienlific communily.

In summary, a wetlands agroforesiry  agriculiural
research center in Madagascar would nal only Sére as
an axeallent ecolowriem destination bul alse provide
subgiantial benplits theough coollpborative nesaarch,
educational oppartunities, and community
engagement By imvelving other wfiversities and
research canters, tha progect could achissa a becadar
impact, fastering global selutions to envirenmental and
agriculiural challengos.




AINABLE VI

Constructed Wetlands as part of the
Central Water Infrastructure

The proposal bo Mcorparale
constrched wetiands as o central
gtemant of the university’s wober
infrastructure marks o significant
advancement in sustainable water
.mnnu:rg?n'.lmr r.".epr.'nn;r}-
ohjective s to esfabiish an
axtansive warer STONORe SiWsTan
capable of effectively managing
sformwader, which Gll'-"l'lE'l'lfl'_l-"lﬁ nod
being utilired o irs full patentiol
Tie plan invaolves directing
slormwater o the J.-ﬂ.'l."E'r":'-l!}' 5
Reseorch Focility Logoons, which
have been I:"r'lgu'.'l{"E"l:"'{ﬂ [o
QCoomimaaare up IQ mmitlion
liters of water, Preliminary
SEsrEtmenis SLITest that these
!DQGG.::S could oo .’Eﬂ.’.:{'.'l'.'_l.-' SO0V o8
much o5 25 mitlion [fters, for
exceeding the danhversity’s current
waler carmand

To moximize the utility of this
stoved woter, the project aims
to develop 100 defimed
reseorch pods These pads ore
desigmed for edsy occess ond
i fesing condiingns,
ﬁ-’i?‘l-"-.l.'l"r"g @ corirgiled
Enwronmeant for various
rasearch activilies. E_'.-' 5.!|:|p.-|'."|';
down angd storing stormwater,
e constructed wellondas will
AOE o) enhance waler
consarvaton efforts but also
suppavt diverse research
apporiunities within the
Lfiversiny, theraby aligming
with both environmental
sustainobility and ocodernic
gxcellance.

This inidative mad only
aaoresses fhe immediaie need
for improwved stormwoter
manogement bt olso sels o
pracedent foy innowsiive
WaIler coNsSenvatndn prachices
in acodemic instifutions. The
infegration of such a large-
scole water siorage sysiem
Wihin the Lniversdy’s
infrastructure highlighrs o
Commirent fe sustainable
deveiopment and resource
efficiency, potentinfly serving
% & model for abher
LAREFEITES and onganizations
aiming te enhance their
environmentol steworaship

Central Water Infrastructure
in Technical Planning by the JJSF Fellowship
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Constructed Wetlands: returning to
the Garden of Eden to address Water Needs

Canclusian

The “Gargen of Eden® profect &t dhe University of
dntanamarive represents a visionary approach o
pdgrecsing watdr mirestruciure challnges while
anhancing the scolegical and gesthetic value of the
campus. By comverting the rice rossarch fialds énlo
eonairuscied wieblonds rosearch facalily, the whiverstly
can create a sustainable water management system,
suppart bicdiversity, and allract acolowism, This
indtigdive, hacked by the Jacpuelyn lestine Sanders
Foundation and grounded in rigorows  academic
research, has the polential (o fransform the wniversily
infa @ leading expmple of soolagiom mnovarion and
sistainabdity. If is an cppartinily Eo crende a lasting
legacy that combines anvirenmental siewardship with
practical solubions, truly embodying the spirtt of &
madern-day Gardon af Eden,

Lagoonn i e Linkverwby of Ao sreenas o § PRodo Creckic FiA RO

Rice Hesoorch ot tha Unsversity of Anlaranaris / Frodo Gedt FIRARCH
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e |l|.'|'u.:|.'.'|!! I-'!l'||r.'l'1i|:-.'l'= A Yioor o Collabarmsie Endeavor b the Susimnchle Vision Academine Jawsmal™, Comis

Fazit: Sustoinoble Wision Academic Journal, 2024 Edition

The Sustainoble Vision Acodemic Jowmnal, published by the Jocouelyn festine Sanders Foundation,
presgnls o comprehensive narrativie of the Foundation's 2024 efforts fo odvance sistainability
throwgh research, collaboration, and actionable change. This edition weaves together the diverse
[prajects undertoken by the Fowundalion and its Fellows, showcasing the tangible impact of their work
in Modogascar, Kemya, Germany, and the Phitippines. Through perseverance, innavation, and on
unwavering cormitment [o envivonmental stewardsinie, these effarts are aifeddy rippling oulvard,
[promizing bo frpiee new initiatives n other communities in the years aheod

The 2024 Fellowship Profect wos o dynamic journgy—o frue rodlercooster of challenges ond
breakthroughs. Groduore students, serving both a2 researchers and salution-biniders, proved te be
invaluable n pockiing pressing issuwes such os waler scorcily, sustoinable energy, ond ecological
restaratian. This madel af engopement underseares the polestiol of Investing in D Aese genaration
of leoders fo oddness reol-worid problerms while fostering o more sisiainable future,

Loaking farward, the Foundation emvisians expanding its Fellowship madal in 2025 and 20286,
fortified by the lessons learned in 2024, By refining and buiiding upon this year's experiences, the
Founddation qims to continue shapdtg o futuve where innovalion, collabaration, and @ wigion for
syeramebility drive meaningful changes for communities warldwide,

]
JACQUELYN JESTINE
| l SANDERS FOUNDATION
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Celebrating Our Achlevements

Ax we reach the conchemicn of the inaugural year of the
Sustainable Weicn Acsdemic Journal in 2024, we celebrste the
signlizant sirides we have made. This year has bBeen marked
Iy a profound commitment to addressing pressing social and
emvrgaementsl challenges, piving the wiy 16f Inndwathe
SOluLEang, A pivatsl Moment i ol [pusey was idontifying o
serbous  real-workd  challenge in Madagascar, which s
emblematic of a rger ghobsl hsue—oommaunities grappling
with badss infrastructure. At thi Unbsgreny of Antanaanarivg, a
theiving bub for ower 200000 residents, the daily threat of
wabier  scardity wtacrkly contrasls with Ehe ciy'y  wbeand
academic ke, highlighting the wgent need for foundational
support and collaboratsee action. This die $tuation illustrases
not anly cur sl ehligatian 16 leed & halping harsd Bul alss g
furdemental belel that we are part of a global farmiy,
imterconnecied and collesctively responsible for each other's
well-being

Underitanding the Water Paradox

A P of 1he Easter Workshop Graduate Students
| Al 2004, Antaninbrivg, Mbdagascd)

Wiikin this context, the Buctuatirg availabiity of water emerges a8 a sinking parados. Seasonal rains mondate the
negion, Yl ACoits 18 polable water remaing procariously ke Ter museh af the year. The local practice al diverting
rainwater 10 lowelying agriculiural lands=—while benedicial for food crops like fop—eacerbates the Community’s
ongoing waser crisis. This year's comprehendive investigalion into the cincumatances faced by those ot the universty
his yielkded riticall ingights; the rainwates thi Tall an the groundd is sulfigient fo mast the communiy’s needs #
managed effectivedy. This reafzation speaks to the importance of capturing, purifying, and circulating this precious
regauril i provide for dranking, danEalicn, and apiculturdl vies, Such @fMoets not anly Baghlight the innowstive
engneeing sohtions needsd but also the neckisty al systesm hinking in sddressing complia challenges,

gy 30
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Embrading Engineering Solutiorn

Embracing this multifaceted challenge, the faoguehm Sanders Foundation has fully commitied to exploring
furitainabdl dedmeded Tor Antdndnbnivg while considering how these soluatioed can be adapbed for other
COMEMUNILHS, such at ciar panners at the Ayri Bahay Comenunity & the Philippings. Our overarching goal is 1o
develop modistar solutions that enable communsties Bo aspire toward water auforomy, thas reducing Eheir
dependency o0 external aid Testing oo sbrglogied im Germany, we sdapted 19 the colder climate while
pursuing the creation of a freestanding water sborage and filtration fystem powered by photovolta emegy.
This approach presented unigue challenges, ncluding accownting for reduced winter dandight aflecting
photovaliaic penel eMfigency, ot wi persevensd, Moreover, the oonstrodtion o our protatypse, relank on
sEnple yot eMective matenials—pond Beers, sandbags, and 1BC coeiainary-—demonstratad the technical
feasibilgy of our concept.

BEE:E | :
Esi-a8 =l-l= ;===== :=.=:*-
|| R

Pratatyping Easvy Water Filtration vis the Eearns bilogicsl Filver desipn (2024, Niedersschien, Germany)
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The lacquedyn Jesting Sanders Foundation (J5F) demonstrates
streng  alignmsent  with  the  United Mations  Sestainable
Devalopmant Goals (SGa) through its iniliglves that emphadipe
sustainability, aducation, and commusnity emprearmant,

Alignment with Key S0Gs;

Clean Water and Sanitoticn (Goal &)

1I5F's Gargen of Eden project teckles water infrastruciune
challenges by implementing systems such as consiructed
wellands and rainwater harvesting. These affarts aim o provide
clear and relisble water sources, critical for both community
health and anvironmental sustainability,

Loro Hunger (Goal 2)

Early in 2024, 1)5F provided food aid to families in Madagascar.
This was followed by niliatiees promoting  agriculiursl
sustainability, includng research into permaculiure preciices
like integrating rice fields with water management systems,
ensuring long-lerm food Security.

Giuality Education (Goal 4§
Through its fellowship programs, JISF supporis  gradunie
students in developing regions. These fellowships provide
fimamciod suppart and cpportunities to engage in research that
addresses local and global challenges, enhancing acoess Lo and
quality of gher education

Climate Action (Goal 13)

Thie foundation's foous on water recycleng, rainecaler
managemaent, and sustainable agricultural practices directly
addressas clemate adagiation needs particularly in dreught-
prons regions such as Madogascar,

Partnerships for the Goals (Goal 17)

H5F's  collaborative approsch  involves  partnerships  with
acadomic institutions ard indermaisonal researchors. These
allisnces engure (hat projects sre scalable and impactful,
tenafitng  multiple  commumitees and  advancing  shared
sustainability cbjectines.

By fogtering systemic solutions to pressing glohal Eseues, the
foundation embadies the spirit of the SDGs, addressing bath
immediale neads and long-lerm challenges. (s wlegrated
approach  to education,  sustainability, and  community
development serves as a model for impactful change.
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The lacquelyn Jestine Sanders Foundation

The lacguetyn lestine Sanders Foundation is a 501c3
nonpralit Tocused on  addressing  erilical  global
challenges. particularly in sustaineble development.
education, and envirormental solutions. In 2024, the
loundation made signilicant strides through initiatves
almad At Improving water management., susiainabiiiy,
and education, with a strong focus on Madagasear

Key 2024 highlights include:

"Garden of Eden” Initlatives This project targels water
entfragtructure a8t the Linversity of Antanpnarsa i
Madagascar. The foundation is working on susiainable
solutong, such &3 constructed welands and rainwaler
managemant systems, to allevipte water shortages.
These effocls aim 6 whgrove academic condilians: and
sarie at scalable models for other regions 1acing difmslar
challengaes.

Fallowahip Programs: The  foundation  Launchsd
fallowship opportunities for gradupte studenis in
developing countries. These fellawships provide Stipends
10 suppodl innovative projecis in fields like water
managemant, sustainable engineering, and permaculture,

Community Support: In eady 2024, the foundation
distributed food baskeis to Families in Antananarivo,
Madagasear. Howower, they shifted focus 1o addressing
root causes of syslamis gsuwes, sich &b walar SCancily
and sustainable infrasiruciure

Suslainable Vislon Journal: The Toundation intreduced a
pournal to document and share insights from its projects.
mcluding research on sustainability and waler resource
managemant. Thig aligns with thair mession (o Foster sall-
sustaining soluticns globally.

Thasa ettoris reflect the foundations commitment to
criating  long-term  impact through collaboration,
rasearch, and innovative problem-solving.
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Off Grid Infrastructure globally:
The budding Partrership with Ayni Bahay in the Philippines

Ciwr budding relatsonship with the Ayni Bahay community in tha Philippines
marks & pivotad slep forward in our foundation's mission This
collaboration reflecis ow commitmant to identifying ard addressing tha
unique challenges faced by off-grid communities sround the woarld.
Situated s oa remote ared with & populatan of agproximately 400
indiwiduals, Ayni Bahay presents an inveluable cese study for tacklng
systemic infrastructure deficils in environments with distinct cultural,
geographic, and logistical obstaches.

Far the community a1 Aynl Eahay, the absence of relinble infrastructure
s led 10 sipnilicant hurdles in schieving basic neads such 88 actess 10
clean water, sustaineble energy. bnd sanitation systems. ‘While these
challenges mirror these faced in owr previcus projects, the specific
dynamics —such as the dsparssd lavoul of homes. meliance on
subsistence agriculture, and wulnesability to extreme waather —reguing
tailored approschas.

Towards Scalable and Modular Solutions

Our work with Ayni Bahay feeds directly into our overarching goal of developing scalable and
modular solutions. By 2025, we aim 1o deler a suite of standardized solutions = sdaptable and
confinuakly impraving based on nsights from both past and ongoing projects. Thess solutions are
dosigned to evolve with the lessons learnad froem each community. ensuring they are not only
effective but also resilient in varying contexis.

The modularity of our approach allows for cusiomization thai respects kocal condifions and
commanity priorities. For example, in Ayni Bahay, we are exploring hybrid ronowable onergy
syalems capable of withstanding typhoome. alengside water purilication setups tailored 10 tha
region's specific contaminateon risks. These soluticns build on the knowledge gained from earlier
endeavers, incorperating feedback loops to refine bath the technology ard the implementation
sirategies.

& Case Study In Expanding Horizons

Cur ongagement with Ayni Bahay highlights the broader issues facing off-grid commanities
worldwide, such as eguitable resource distribution, the integration of sustainable practices, and
community-led governance of infrastruclune projects. 1T challenges us (o think beyond isclated
doployments and consider the interconnected wab of social, economer, and environmantal feciors
that imgoact suchess,

This partngrship alse underscores the impertance of locol collaboration. By working closely with
commanity leaders and residents, we onsure the solutions we design are not only technically
sound but aleg deaply pligrad with thea communily’'s sspirations and values.,

The lessons from Ayni Bahay are shaping our perspoctive on what it means to scale effectively.
Each communily we angage with adds depth 1o cur undarsianding and shanpens cur ability 1o
design intorventions that are both replicable and respectful of local contoxts. As we move forsard,
wie G this collabaration as a carnerstans in aur journey toward making off- grid Uiving & viable and
sustainable choice Tor all
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Call to Action: boin Us in Making a Difference

The Jacguelyn lesting Sanders Foundaition is on & journey 1o ba an active participant in the global
discussion on how fo create meaningful selutions for those living in challenging circumstances,
Whe are commitied 10 being a source of innovative stralegies and to fostering collaboration that
addressas the pressing (ssues faced by communities around the world,

Our projects, like the "Garden of Eden” initiative, exemplity our dedication to praviding
sustainable selutions for water management, aducation, ard food secumty, Thess efforts are
reoted inoower mission to assist those in need with empathy, determination, ard innceation But we
£an't diy i alone —your supporl |8 critical bo our succass,

I wiu share our vision of a world where challenges are met with creativity, collaboratson, and
Compassion, we invile you 10 join s

Hera's how you can contribute:

= Contact Us: Wheiher you're an individual or an erganization your invalvement is invaluable
Roach out tous —we will warmly welcome your ideas, skils, and anthusiasm,

s Financisl Contributians: Your dorations enable us 1o expand aur reach and deapen the impact
of gur programs. Every contribution helps us address immediaie nepds while working toward

long-term salutions.

+ Corporate or NGO Partnerships: If you represent an organization, we welcoma your supgest in
farming partnerships that amplify our efforts and broaden the scope of our work,

+ Pocling Resources: Collaboration is at the heart of what we do. By joining forces. we can
create a powerfisl collective veice for solving global challenges.

Together, we can be a bascon of hops and & seurce of innovative sodutions for car global brothers
and sisters. Let's wark: side by sidea 10 address the challenges af today and create a brighter
tommorrow for those in need,

Contact us to get imeodved = your partnership and support mean the warld (o us.

[ ]
JACQUELYMN JESTINE

rd
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The Vision for Madagascar

Looking ahead 1o Madagascar, cur aspirations deepen with plans 1o consiruct the “Garden of Eden”
Salution, designed to transform rice fields nio a thriving center for permaculiure research in Africa
This ambitious vision hinges wpon the effective caplure and sterage af raimwater in strategicelly
designed ponds, which will also promote food production through varlous crops, including rice.,
witer chestnuts, duckweed, and lotus reots. Each element of this plan integrates functional goals of
matural walers reatmant and phyloremediation whie algo addressing Tood sacurily for Cha region To
affectivaly mitigate avaporation and enhance the ecolegical balance, it s essential 1o introdece free
cover inta this lush landscape. While we delve deeper inta these concepis and their implications
within the Journal, we emphbsize that the essence of our massion remains siraighitorsard: o
deepen cur love and commitmant to o global Tamily, especially thosa facing stark realities due to
inadequate infrastrectune.

& Commitment to Sustainable Sclutions

Throughoul thig yead, we hbve witnassed the meredible ressdienca of communities navigating thaee
challenges and have cultrvated a renswod parspective cn tha nferconnectedness of ghobal seues.
By engoging with bocal partners, we have strengthensd networks of suppart that extend beyand
national borders, rainforcing our coliective eftart o 1oster sustainable development. Furthenmore,
cur work has underscored the critical role that acedemic research gnd interdisciplinary
callaberation play in paving the way for effective solutions. Empowering young scholars and
professionals from diverse backgrounds has enriched cur undersiending of local cenlexis,
demanstrating how varying perspectives can contribute 10 inmowvatineg problem-solving approaches.
Inconclusion, through our collectree efforts in academic research and engineering, we are dedicated
1o cratting tengible solutions that address thess urgent needs. This misséon embodies the heart o
the lacouelyn Sandors Foundation and the Sustalnable Vislon lournals — driving positive change
through collaborative action. As we conclude 2024, we toak forward 19 building on our successes
fogtering further imnovatson, and empewering communities worldwide, Together, we remain
siandfast in our commitment, ssméng for a fuiure where sustainable solulions are not only
asparational but achisvable, $6 we can lorge & mare sguitable and sustainable warld for all,

JA.EQI.IEI.‘H'I JESTIHE
C‘JOJ
-I'.-II.b“- £ 'r'l'ﬂl- BALLINVE S CRARAN
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Warer Testing Resuilrs

Appendix |

Water Testing Results from Prototype built and maintained in
Miedersachsen, Germany 2024
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Genclusions from {he First Water Quality Test of the New World Garden Prototype Filler

The inaugural water quality test for the New World Garden's hiological filtration system has yielded
promigeng results, velidating the sysiem's polential to deliver clean, gate waler, Theg Tirst avaleation,
canducted on rainwalér stored n opan-aar ponds and Tillered through a samd and Hochar biofilier,

demonstrated successful filtration in multipte key areas

Key Succasses - Chamical Parameters:
Tha water achioved desirabie levels in seversd criticel chemical indicators:
s AmaTERnim (M Hg)
& Byl (Ba)
¢ Lood {Ph)
« Chilaredas (G|
a lranm [Fal
« Calcium [Ca™
» Magnesium (Mg™)
« Total Water Hardness

+ Electrical Conductivity

Thess positive results affirm the alfcscy af the biofiliration system in redesing harmful substances

and maintaining essential water guality metrics.

Araas for Impravement - Blalagical Parametera:

Duser to early flow issues encouniered during prototyping, the biefilter's biclogical companent has nat
yal fully matured, Consaquanily, biologicel contaminants in the water axcoedad optimed leveds in this
fergl 18atl. This culcome wasd anticspatad, given (e span-aiF slorage of the raifmvater and the evolving

nature of the biofilter's biologicol ecosystem

Fulura Steps and Optimizations

Bicdogical Maturation: Continued moanitoring will support the biolilier's development nte a rabust
hiclogical system capable of consistently remaving biological conteminanis

Patential UV Feltraticn: Shauld Biolagical levels remain high, a U Tlter —costing approximately CI00 —
willl b milegrated to achieve fnal purification, ensuring the waters mests all desired safely standards.
Aftordable Testing Solulions: Recognizing the high cost of regular water qualily testing. the Jacquelyn
Sanders Foundation is sciively pursuing cost-effective. relible testing mathods for 2025, This will
emable more freguent data collection and & comprehansive understanding of the system’s long-lerm

performance

Qutlock
Thar initial test results are encowaging and underscora the feasibility of producing high-guality filtered
weatar, We remasn contidant that with continuad refinement. the beofiltration system will mast all water

quality obpeclives, Furthes updates and data will be sharad cn the projecl’s webiile in spring.

Thae Jacouelyn Sanders Foundation is proed to support this vital water filtration initsative as part of tha
Garden of Eden prajact in Antananariso, Madagascar
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FPreliminary design for wastewater treatment at the
University of Antanmanarivo

Written by NilainaTslafoy RANAIVOARIMANAMNA

Seconded and verified by ; Armel Segratain

ARAFA Sarl
Date: Tuesday, September 8, 2020
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l. Context

Ankatsa University was founded in 18681 by French archilect Jean Le Coutewr. Since
then, wery Little maintenance work has been carried out an the water network, causing il
to deteriorate. In addition 1o the rehabilitation reguired by the state af the network.
thede infrastructuras also nesd 1o be rencvatéd o meet the water requiremaents of the
Universily's activities

With this in mind, the project lo draw up a preliminary design for the university's
waslawaler restmeant Syslem was imitianed b,r the Plami Hll:ﬂ.ﬂ':f Department and
entrusted to tha ARAFA feam, nat [east becsuse the need faor 'l'riEl-Hn'l'l walar has Brown
with the installation of experimental garden projects, which will be able io reuse
waslawater aftar treatment.

The owerall aim of the study s to put Toreard a program for the rehabililation and
renavation of the water netwark. During the course of the stedy, soma smeqgency regair
work was carried oul to ensure normal drainage. The specific abjectives are therefore
to rababdlstate the water network and progose & wasbewalsr [réalmant systéem Lo
anable i1e reuss 88 irfigation wales.

JISF SYA) - 2024 - 1SN p 472/ Appendis o5



ARAFA REPORT -

temend gl bha L i Anfanananarmva, RANAIVODARIMANANA
sEprch dn Fhes Jodimns|

| ARAFA Sarl
| Lot v 12 C Bis Teadann
I | (261) 33 26668 12 - [261) 33 04 8504 76
B | contactarafagigmail con
NIF | 300TEG3Z49

STAT | 47200 171 0150 TR

L.i.Methodology adopted

I.1.1. Canal cleaning

The officisl plan of the water netwark was inaccessible to the customer and ARKGF A
Adgessment of the condition af the water nétwark was therelore based on digcussions
with university officials about the problems they had encountered, combined with field
obserdations,

The canal cleaning work is accompanied by & range of emergency rehabilitation work to
ensure that the canols are operations] and pul an end o overflows. In addition to
cleaning sul the canals, some seclions were excavated o identify potential leaks and
discover their axact location.

The customer's initial hypothesis that the cavse of the flooding was due 190 leaks
upstream of the manholes, which redueced the flow af water throvgh the netwark, was
wirdilped.

1.1.2. Tepographical survey of the site

A topographical survey of the site makes the job easier. both in terms of studying and
deawing up & plan (o belter design the preject, and in Larms of selling oul benchimarks
on the graund te cost and guide the work.

Topagraphic aurvays help to drevw ud plans oF maps showsng the main physical fesluras
af the tarrain and the differences in lavel af the various rediels. This part alsa halps o
dimension the

Appendix pb



timinary design for walewaier frea
i Reprinted here as i 54

| ARAFA Sarl
# | Lov VA 12 C Bis Taindana
l [Sh) 33 dSEEE | 8- Sk ) 33 U4 BX] Il
. corinct erataigmal coe
NIF | 2001 BEA040
STAY | 47200 171 2015 0 10041

The survey lasted 2 days, with a full team of lopographers and the company's Leica total
station The first doy was devoled to collecting precise data on the altitude of the sump
and the various pozsible conduits to the site garden. The secend day was devotled o
collecting data on the system's various installations, such as the loeation of the filters.

1.1.3. EMluent analysis

Samples of wastewnter from the canals were sent to the Centre Mational de Recherches sur
'Environnement Laboratory Tor characterization. This characterization not only classifies the
water in relation Lo 1he standards in Torce in the couniry, Gut also delenmines [he [ypes of
treatment suitablie for rouse.

Ad well ag analyzing the wasiewaier, il was also assential to detarmine the daily flow rate.
The methad is simple: by plugging the sump for 24 haurs, the volume of water retained in Uhe
sump for 24 howrs would be 1he Thow rats in a day.

Thie existing 1m x Im x 3m sump, connected 1o a manhale by & 200mm diameater pipe 20m
aveay, was blocked at the manhale inlel. Taking inlo acceunt the depth of the sumg; 2.5m
witar level recaverad in the sump grves a Mow rate of 3m /A3

Figuite 1: Sumg dlusdrakian
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Translated and Raprinfed here as i (50 cora starting point for mach of the frthor reseavch i Fhés- Jogmnasl

Li4d, Literature consultation

Sewersl documents relating 1o snvironmaental discharge standards, classifications of surfacs
waters in relation to ther characteristics, and varicus works oa wasiewater lreatment and
rouse fechnigues wers consulled as part of this study in order o propose fhe most
appropfiate solutions.

Il. Water network condition

L1 Imitial state of the water network

Frgure & The obhsnacied mamnolo
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Translaf eprinted here as i &5 0 core siariing podnt for much of the firther raseanch in (s Jounnal

Figure F: Filbro pipo cul Sm upsiraam ol ks sump

l.2.Condition of water network after repair

i

Figurs 4; Pipo renlnced on PEC PHEG

The ariginal 200mm-diameder Tibre pipe found was around Tm E-ﬂ-l"lt upEsiream of the sump.
The section destroyed Sm from the sump was replaced by a Sm-lang PYC 200 PY 16 pipe.
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I3, Hypathesis testing -client

Thi site sursay and the various canal cleaning operations determined a water flow rate of
335ma3 fday, made during the week of November 25, 2018, Lo when the wniversity was
aperating narmally.,

The flow rote wins measured aver a 24-hour period, but it was found thai during the peak
hour, from 10 am. to 3 pom, the Tlow rate was betwesn § and T liters per minute, ie 3125 1o
437.5 liters par hour,

The cleaning work also led (o the conclusion that ihe majority of canals are clogged or non-
aparafional dise to ther age and Lack of maintenance,

& The overflow was dus to the conditicn of the pipe upsiream of the sump and the
rairwater manhale, which was clogged. Identifying the causes of the everflow than led
to two essential points: repair work on part of the wastewater network andinstallation
of a wastewater treatment system fo meet the department's water requirements for
tha gardan.

1. Wastewater characterization
11i.1. Definition of parameters studied

11,0, COD er Chamical Oxygen Demand

Chemical Oxygen Demand is @opressed in milligrams per Liter (mgdl of oxygen, and
affectively cormresponds o the guantity of oaygen required 1o omidize, wder defined
oparafing conditions, the organic matter. and thersfore the pollution, present in a grean
sample.

Here, cxidption |5 carreed cut by o reagent with powerfld oxidizing properties {potassium
permanganate when heated inan acid medium).

The amcaunt of reagent consumed inoxdizing the organic mattar present, exprassed in mgi
of oo ygen, carrespands o CODL

111.1.2. BODS or Biechomiécal Oxygen Damand:
Self-purification in surface walers resulis from the degradation of arganic pollutants by
IETe- OFEaNESTE. Their stivily 1ands 16 conaume oxygen and il i this reduction in axygen
in the environment that is measurad by BOD &,
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At 20°C, the degradation of organic matter begins immediately, and it is conventional to
express BOD 5in mg/l of oxygen consumed over 5 days at 20°C,

BOD 5 represents the proportion of biedegradable arganic matter.

.13, TSS or Suspandad Solids
TES refers to all the insoluble selids visible to the noked eye that are suspended in o Eiguid.

1,1,4, V55 or Volatile Suspended Solids

Mass of arganic particulate matier obtained by the difference between TSS and its dry
resadue after passing through the furnace al 550°C. In other waords, it is the solids
suspended in water or other lkuids that are burned when these dry solids are ignitod at
E50°C. Results are expressed in mg/L or a5 & parcentage.

1,15, MO or Organic Matter

Organic matter in water is the uindecomposed part of erganic paltution {dead living matter
of the excrement of living organismal It B naiturally present &nowater, Bul o low
concentrations.

0.2, Ankates affluents

This eflluent, made up of grey and black water, comes Trom the universily's laboratories
and todets, The resgults of analyses carried out on o sample of westewatar are & follows

Parameters Values Undts Standards for
wlfisient dichange
Y ar B3
o0 B6 3% l-l;?:mz 150
8005 s1.13 : Mg/Lin0d 50
o 9.50 Mg/Lin
] Fi MpL

Standards sovrce: DANDI-J64d_les_normes_des_saus_useas
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Standards for ellluent discharges inlo tha environmenl ara alao given @ the above Labla, 10
facilitate compasisan and inferpeeiation of analysis results,

ARAFA

=xB00S is slightly higher than the stendard, offluent treatment is reguired o lower it and
altaw the aprion of land application d'l'dlwul']'ﬂ irda the nalursl @nviranmmenl.

The COD / BODS ratio pravides an indication of the Saurce and origin of organic paliution.
Accprding te the literature, measuremenis with 8 COD/BODS ratio close 10 1 indscale very
gocd bicdegradability;

s From 1 10 2 wastewater from agri-food industries containeg elements that are sasily
degradable by Biological treatment. residting ina high CODS,

o From 2 to 3 urban wastawater.

& Froam 3 1o 4 ndestrial wastewater less agcily biodegradabio.

» =4 Effluent difficult to bliodegrade

z=im s case, the DCOVDBOS rafio of the effluent iz 150, which means. thal it contams
elements that bacierin love and are highly biodegradable.

1%, Tapographic survey
WAL Assumption 1

Assumption 1 consists of a water transfer system from the sump to the troatment systemvia
& resarvoir, based on the Tollowing calculation assemglion:

Corerete Nogde 100mm Qr3.3m /13 )
PAC 1600 mem el i L

V.01, Description

‘We have threr wariants for transferring water from the sump (o the reservoir: plpe no. 1, pipe
na 2 and pepe no. 3, which can be sither 100mm pressure PYE o 100mm concrete nozzle.
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VA2 Conclusion of hypothesis 1

The wastewater crossing from the sump to the reseraair is feasible using either pipe no. 1,
no. 2 or o, 3 Howeser, pipe n°1 is the mast economical for the project because of its
minimal length comparad with the other pipes for the same characteristics (slope, sizel

Girven ihe sharl distance betwesn the pipe and the road, and from a strength pomil of viea,
the material wied is prelerably 8 concrebe nozze.

V.2 Assumption 2

Optian 2 involves using existing manhales o being water directly from the sump 19 tha
treatiment system.

IV.2.1. Description

The lopographic surveys carried oul showed the Tallowing results:

The distance betwesen Manhole 2 and the recovery basin is approximately S0m, with a
gradient of BSm. This gives a slope of 17%, allowing the effluent to flow by gravity.

V.22, Conclusion of hypothesiz 2
Piping wastewaler [rom the sump lo the system through the bwo axisting manheles on the
gile g Teagille
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V. Wastewater treatment solutions for Ankatso

¥.l.Water pipe installation

The aptimum sclution for the Llayout of the water pipes is hypothesis 2. AS tha manholes are
aperational and alreadsy e place, this minimizes the work réaguired and e complexity of Tha

piging.

Figura 5 Dvorsiow of the Dheatmsnl aysiom

= Tha water pipe: the water pipe works enly concern the following parts: from marhole 2 to
the bar screen, which is a 1580-diameter PVC pressure pipe buried for safety; from the bar
strecn to the sard filter and then 1o the filters, which are built in parallel; and finally, at
the cutlat fram the planted filters to the effluent recowery basin, which will be open pipes.

« Tha bar screan: this is a basin with a grid 1o filter cut the solids contained in the water (o be
treated This basin includes a water bypass pipe in the event of o bar screen clogging. The
bar screon requires pericdic maintenance to avoid clogging the system.

« The weir: this is o system built into the sand filter to prevent saturation of the system in tha

ovent af & starm or excessive flaw.
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ARAFA REPORT - 2021

timinary desige for walgwaler treafement al the Dniversity of Anlanananarno”, RANAIVDARIMAN
anslated and Haprinted hare as if 5 & core siariing point for much of the further rasearch im [his

ARAFA Sar
| Lotva 12 C B Tiadans
l F261) 33 25 668 12 - [h01) X304 84 76
BB | contoct arpfsgigmael com
MIF | 3001853240
STAT LR B R Rpdn i L

Tt

V.2 Wastewater treatment system description : DEWATS

DEWATS is & ronge of reliable, low-cost wastewaler treatment systems developed by
BORDA for developeng counified, as they reguire little mainienance and uvpkeap, and can
genesally be aperated without electricity. They can treal arganic wastewater fram domestic
and indugirial sources, with (lows ranging fram 1 1o 1,000 m3 per day. The DEWATS syglem
is an eflective and efficient wastewaler treatment solution thal minimizes water and soil
pollution in residential f housing complexes. DEWATS technology is based on the prinsiple of
e cost and bow mainlenance, &s mast of the important paris are available locslly snd
operate withoul any technical enargy inpul. Standard applications are based an Tour basic
reaiments vsing sedimentation and floccudation, and anaerabic and aesobic treatment
using differeni flliers and basins:
= saitling and primary treatment in seltling basine, soplic tanks or Imhatf tanks
& anasrobic secondary raaiment using lixed-support filters of comparimentalived saptic
tarks
« sacondary prd tertiary aercbicianserckc treatment using macrophyie Beds (horizontal
Tlore Filtars below the Surfacel
« Eacondary and tartisry serabic/anaarobss realmeant By Lagoomng.
The diagram below dlusirates the DEWATS process,

i T e,

e S LI ] L T T B Fyissii Fial e ol i

The four systems lsted abowe will be combined according to the compesition of the
imcomin g wastewalor and the required elfluent gquality,

DEWATS has bean successfully spplied in housing complaxes'settlemants, schocds, home-
based biplogical Industries as wall as hotels. hospltals, livestock fanms, abaticirs and
municipal sludge ireatment planis In this progect, due to tha low level of water pollution, tha
sludge Is fairly stabslized, &= it is slready troated by & seplic tenk upstream of the sump. The
digaster is theretara not essential, but will ba replaced by a butfer tank to smocth oul tha
flow ever the day. and also enable the sedimentation of selids,

i = o
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The current technalogy installed at the university is the septic tank. This is already a
primary treatment system, ensuring decantation, sludge stabilization and a BOD reduction
of betwesn 25% and 50%. Hawover, the high level of BODS which just exceeds tha
standard in force in Madagascar, calls for the addition of secondary and'or terizary
treatment.

The mest suitable system Tor Ankatlse University is a sand fSilter followed by a planted
filter.

W.2.0. Sand filver

A sand filter consists of a washed sillica sand bad that replaces the natural sail Figid
spreading pipes [pipes with dowrward-facing perforations] are placed in a layer af gravel
covering the sand, thus digtributing the affleent over the bed. The wastewater is than
trealed by the micre-arganisms altached to the sand grains.

Sizing the sand Tilter depends on the volume of input. The Tlow rate measured defing the
period when ARAFA carried aut the rehabilitation wark and diagrnosis was 3m3 /day, but
the floew rate considened in the sizing is Gma fday, an the assumption that il could be higher
during & certain period of greater use of the Univessiny.

V2.2, Planted fllters or macrophyte bads
Macrophyle beds are used Tor wastewater with a low concantration af suspended zolids
and a CDD ol less than 500 mg/l This System ensures a 70-95% reduction in BOD.

Effluant fram macrophyle beds s also suitable for wateding gardens. Howewver, 1ha mors
the waler is treated, the less ferdizing slements it containe Although most pathogens
have bean eliminated, no eMlsant of domestic or agricullural argin can be stamged
“pathogen-Tres”, Irrigation of crops should end 2 weaks belors harvest. It is preferable not
o irdigaite fruit erops and vegetables eaten raw alter flowering.

JFSF 5YAL - 2024 - 155N p 485 / Appendix p. 8
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W.2.2.1. Vertical planted filder

In & wertical flow filter, the wastewaler is distributed by o dosing device over 2 or 3 filler
beds. which operate slternately. The intervals between losding must be scrupulously
respected, which makes vertical Now filters unduitable for the DEWATS principle. The aim of
thiz alternatian is to minimize filter clogging by mineralizing the crganic matter during the
nest Fl'IlH-:LTM rast Bime required on 1he first stage i%, this maans X paralbel beds. On the
second floor, resting times are eguivalent, o 2 beds are sufficient. Retaton usually takes
place every 3-4 days The first-ctage filters are made excheiely of different types of
gravel, inwhich diffusion seration phenomena are significantly higher than in sand.

LT
i

— = | Y i
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W.2.2.2. Horinzontal planted filier

Haorizontal filters, on the other hand, sre completely saturated with water, thanks 1o a sipbon
system at the oulled. which regulstes the height of water in the bagin Diztribuison gabions
at the filler inlet and outlal ensure more or less aven waler distribution and recavery,
Harizonial fillers are more susceplible 1o clogging than vertical-flow filters, and must
therefara b Ted with water that has been cleaned of suspended solids. In the grésent cada,
thiz &= achieved by means of an upsiream sand filter.

L
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V.3.DEWATS sysiem sizing for Ankatso

V.3.L1. Choosing and sizing the planted filter
The university's sanitation sysiem already wses a septic tank a5 the main el Muent treaiment
system, o the planted fter will acl as a secondary Ireatment System, That's why the
project was chasen for a horizonal flow planted filter.

The sizing basis for & macrophyle planted filter is 2 to 2.5 m2 /EH (papulation eguivaleni).
The p.e is & unil of measurement used to assess the capacily of & wastewater Irenimend
plant. It is based an the amounl of poflution emilted per person per day.

Ini the case of this praject, the population aguivalent s nod krown and the affluvent poaliution,
L, the effluent concentralion in TSS, CDD and BOD, is below that of domastic wid bewa lér,
Gigany 1 Low pollution inpul, all pollution wibl ke treated in ihe fdlers, 20 [he siring facior
used i valume. This is also done o svoid saturating the filtrabon Systam.

cmn s

| 1EH [ 12000 of wastewater

Ba=: data far the Ankatso case alter lalsoratory analysis of the sample:

Quantiry Unit
| Daily ficw . £.000L day
This gives the followimg resuli:

Duantity Uinit

(1] 50 EH
Siren FP 100 m2

The horizontal flow planted flter will therefore have a tolal surface area of 100 m2,
divaded into bwo paralled filters.

MSF SVAL - 2024 « IS5 p 488 Apoendix o2l
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The plant we're gaoing to use for both filters is Vetiver, a plant adapied to the tropscal
climate and which tolerates temperatune variations well According to the standasrd, 4
plants/m2 are requined, =0 we need fo pravide 400 units af vether.

W.E1.2. Sizing the sand filter

This rale af th sand filles 1% to reduce organic pellutant loads n the e eent. (1S sibng takes
nta account the nput Mow rate, which in the case af Ankatse Unhversity is G000L day. Given
thiz maxirmum daily ingut flow and the Tow velacity in the sand filter, which must not exceed
D.3mis, the sand filter is Bm2. The sand lter containg an overllow in the event of 8 storm or
exopsse flow.
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Wi Estimated cost of water network rehabilitation and wastewater treatment

o DESIGHATION OF WORK UkIT | OTE ru TOTAL
ENCL.
00| Sa wallation Fr | 100 | 450000000 45000000
01 | Excirvation ared eartiaarks Bar screen basin in Baand| Mt | 100 | 1,150,000.00, 1,150,000.00]
brick mmagany Tilled with He | 100 | S00500.00; 50050000

cement mortar and waterproofed wigh sikalite,
o2 inchuding a1 instailation and maintenance work.
work
Sandl fifer manholy covee made af BA amd brick,
masceey with cement mortar ard sikalibe waterproof
03| naning including all

Installateon requirements
|| Filling the sand filter [£5m3 of grivel and 4m3 ol fit | 100 | 9040000/ 920,400.00
Rand)
Planted T er mnashole In BA 36 i ni-mor i ed W | 200 | 5 200,000.00] 10,800,000.00
o brick maron ny with wabenoroof sialine
coating, inchading all
installaticn requirements
Falling the planted Fiter (3ma of pabaen 60 to 100mm | My | 200 | 3,770,000.00] 7,540 00000
indismeter #d FTml of gravel 2 1o 10mm in
diameter and 200 Teet of wetier trees or
righs |
Reinfanced concnite 150kgim3 CERD Rar glab
DR pipar I Bk masoory BRad wih o
maitar and watenprooled with sikalite, inchiding ail

3
E

LAYR. 500,00, 1BTE,500.00

| B

g | 8

|2

S0000 00 1,560,000 .00
975,000.00

12
4k
:

B8 | sk allaiicn
work
TOTAL EXCL. 25,374,400.00
0% VAT 5,074,880.00 |
TOTAL TC Mm.ﬂ'l

Thi amount requened for this project is thirty millien four hundred and forty-nine thowsand
twio hundred and eighty Ariary all taoes included,
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Appendix Il

Letter of Intent from the University of Antananarivo
The Garden of Eden Proposal

LN
JACQUELYHN JESTINE
| l SAMDERS FOUNDATION
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A peTndi | I: Carden af Eden Ansiimamianio

MINISTERE DE L'ENSEIGNEMENT SUPERIEUR ET DE
LA RECHERCHE SCTENTIFMHAE

USIVERSITE D ANTANANARIVO

PRESIDENCE

Arissanarive,

1 Mr. Keaneth Coman
President of
Jacgurlvn Jestime Sapders Foumdwtion

Nt AUHIUATUANCAR
LETTER OF INTENT

The University” s Bosnd met on September 3, 3004, mnd the activities of the Jacgueln Jesisne
Samders Foundation. ss o panner of the University, were presented a the Board members. The
project fally shares the Universiny's vishos and mruegie plannang s cenbraces i coce valoe ol
promesting both resenrch exceilense amd huinan sl ccolopical hanmoey

Indeed. a “commprebensive plaaning of drinksng waser infrastrucoure a1 the Unsversity through the
Capftune, sdorage, mnd filormtiom of rainwaier mnd dhe amphsrEenLaisog of wassewaler tncatmeni”™ ay
well as agr\-.--:'-Mnll'g. ol Pieg permsgultung, and congrituteng thal project as recommended in our
PEEVIULE Cormespandeted, 18 oriidaal

The Liniversity enpresses it overmiding interes) s realizing the project named “Garden of Eden™
o3 presemted i) the Eden emwlke

Thas, this letier of Infeni plves

ihe eviedall sgreement of the Undversitys Bosrd, and of myself, Presbdent Mamy
Ravelsmunana, as the kegal reproventative of the University of Antananariva,

I tlee Jacquelyns Jestine Sanders Foundation, to take all relevant sieps to fiad
partnery, domors, and sponsors on behall of the University Tor the realizatisn of thia
" Gurden of Eden™ projeci.

In sddition, ibe Unlvervity will retain for the Foundstion the sption of having the
ruchesivity of the sepervishon and the realizstios of this "Garden of Eden™ project aid
rrlated matiers.

I nocowsary, ihe oetabliskmend of new mfastructures will be affonded 1o the project: o formal
autharization requires =n ulterior xgreomen of the Board. | hope our mutaal prejeet o bhe
concretized as it is well al gned 10 e Suvminahle BT e Tamt] poals of il Uinised Noisors.
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