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Executive Summary

Background and scope

1. Sanitationis equally importantas the provision of
safe drinking waterto improvepublic health.More-
overadequatedisposalof liquid wastefiows reduces
environmentalpollution and therebycontributesto
theweIl-beingof the people.During the pastdecade
insufficientattentionwaspaidto sanitationin tropical
developingandnewly indusirialisingcountnes,this
has ofteri resulted in limited public healthbenefits
from investmentsmadein watersupply schemes.

Rapidurbanisationin mostof thesecountriesledto
sometimesveryhigh populationdensities,putting the
“accomodationcapacity”of thesurroundingenviron-
mentunderstressandendangeringpublichealth.This
emphasizesthe needfor appropriateandnewsanita-
nonapproachesto thespecificconditionsin urbanand
pen-urbanareas.
(Chapters1 and 2).

2. The Section Research andTechnology (DPO/OT)
of the Dutch Directorate-General for International
Cooperation (DGIS) has in the past 10 yearssup-
portedseveralprojects (in Colombia,Indonesiaand
India)aiming at demonstratmgthefeasibility of andat
theoptimizationof anaerobicreactorsfor treatmentof
domesticwastewater Anaerobicwaste watertreat-
ment is alreadyappliedon numerou,s(some200-300)
industrial wastewaters Other documentedresearch
on its applicationondomesticwastewater,notably in
Brazil, India and P.R. China, confirms interestmg
potentials.Thereforethe InternationalInstitute for
HydraulicandEnvironmentalEngineering(IHE), Delft,
TheNetherlands,wasrequestedby DGISto assessthe
feasibility of anaerobicsewagetrealmentfor tropical
developingcountries

3. This studyconsidersanaerobictieatmenttechnol-
ogy from differentpoinis of view
— as atreatment technology,which meansthat the
study focusseson treatmentefficiency andefficacy,
andcomparesthesewith conventional(usuallyaero-
bie) altematives;
— as atechnologywhich may in addition affectfa-
vourablythedesigncnterlaof the sewagecollection
network;in otherwords,thenewboundaryconditions
(in termsof optima!scaleof operation,management

of settleablematenal,etc ) set by this technology may
lead to the developmentof a new comprehenslve
sanitation programme affecting notably sewerage
designand institutional managementaspectswhich
would favourprogrammeswith treatmentat interme-
diatescale;
— as a technologywith different merits anddraw-
backs in function of its possible role m the mam
sanitation strategies(with public health, environ-
mentalhealth,andre-useobjectives).
(Chapters1 and2).

4. This study reviewsas muchas possibleavailable
documentedexperienceon differentanaerobicreactor
types. Becauseup to now most larger-scalepilot
experimentinghasbeencarriedOutwiih theso-called
Up-flow AnaerobicSludgeBlanket(UASB) reactor.
this reactortypereceivesmostattention.Someof the
conciusionshoweverpertain equally well to other
reactortypes

ThoughIt iS ackinwledgedthat anaerobicponds
cnn be consideredanaerobicreactorsas well, here
high-rate reactors with low land requirementsand
higherefficienciesareemphasized.

The technologyis reviewedfor its appropriateness
andrelevancein low costprogrammes.Specialatten-
tion wasthereforegiven to its techmcal,economie,
financial andinstitutional aspects.
(Chapters2 and3).

5. In first instancetheassessment,andthis report,ai-e
organisedfollowing theunit scaleat which sanitation
is implemented (i) on-site sanitation, (ii) sewage
collection with off-site or ceniralisedtreatment,and
(iii) intermediate-scaleprogrammesIntermediatemeans
treatmentunits serving a small to an intermediate
numberof households(sometensto somehundreds)
(“communal treatment”), or a combinedsanitation
programmein whichpartofthewasteis treatedon-site
(onetreatmentsharedby anumberof househoids)and
the resulting,partially Ireatedflow, is further tmans-
portedandpolishedinasecondtreatmentstepoff-site

Contrary to alternative treatmenttechnologies,
anaerobictreatmentappearsto offer, at least in prin-
ciple, theuniqueopportunityof applicationatall these
theelevels.

Which treatmenttechnologyis mostfeasiblefor a
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given caseis determinedby a nunibemof situational
determinants,andtheobjectivesof aparticularsanita-
nonstrategy(public health,diffementdegreesof envi-
ronmentprotection,shallowgroundwaterprotection,
re-use) A landscape-and selection matnx can be
developed,allowmg to indicate the conditionsunder
which anaerobictreatmentis the most appropriate
option.
(Chapter7).

Appilcatlon In on-site sanitation

6. On-sitesanitation should provide for disposalof
toilet (black) wastewaiem as well as of (kitchen and
bathroom)sullage.Blackwastewateris characterized
by low flow, high strength(in termsofBOD andCOD)
andhigh pathogencontent Sullage is higher in vol-
umebut containslowerBOD andCODconcentration
(yet its pollution badis of equalimportance)

The benefitof anaerobictreatmenttechnologyre-
lates to better degradationof BOD and COD and
hencebetterquality of the reactoreffluent as corn-
paredto alternativetreatment(septictankom leaching
pits) However,for manysituationseffluentquality is
irrelevantaseffluent(blackwastewater)is percolated
(leached)into thesoil 1fleachingconbeapplzed,that
is ifpopulationdensityis not excessivelyelevated,the
simpleleachingoptionssen’ing oneor afew house-
holds are commonlycheaperthan any anaerobic
option In thesecasessullage is genemally drained
awayover thesurface(gutters,drains).

The majorandadditional considerationto opt for
leachingis apublic healthstrategy in keeppathogens
in the undergroundwherethey slowly die off
(Chapter4).

7. Againsttheabovecheapestoptionpleadtheshallow
groundwaterprotection(for drinking purposes)and
the environmentalstmategies In an envimonmental
strategyis must bemecognizedthatsullagemepresents
considerablepollucion andshould,if financially pos-
sible,betmeatedbeforedischargeinto areceivingnver.
Also, it is still insufficiently acknowledgedthat the
leachmgbed of cheapon-site systemseasily dogs
leadingits ownerto short-cimcuittheeffluenttothesur-
face drain or sewerThough exact figures are not
available,this maybebothin developingandindustn-
alisedcountriestherulematherthantheexception.This
addsto the pollution badin drainsandsewems

1f an environmental strategyis ~elected(above a
public health strategy)the quality of effluent to be
drainedawaybecomesofhigherconcern andanaero-
hictreatmentmaybecomerelevant l3ecausethewaste
watermustbe drained,seweragedesigncntenawill

determmethespatialservingareaof areactor.Sonie
tensof households(“shared”) om hundredsof house-
holds (“communal”) can be connectedto one tmeat-
ment unit, whoseeifluent needsto be further trans-
ported This effluenthoweverwill not contammuch
settleablesolids and is to be considemedpartially
treated(but to a highem degreethan with alternative
systems).

This option is more expensive.The reactorcan
acceptmixed (grey)wastewateror only black waste
water
(Chapter4)

8. The sameconsidemationspertainto public facilities
(atoilet/bathingfacility for anumberof households).

9. The operationandmaintenance(caretaking)of an
individuâ) anaemobicreacioris comparableto thatof
septictanksandleachingpits, andfacesthereforeliie
samedifficulties (poormaintenanceanddesludging).

Ameactomwhichis shar~dor is communaloffersthe
advantagesthat (i) a caretakemcao be paid by the
connected households, and can then be held account-
able, that (ii) caretakersareasmallerandmore“pro-
fessional” group to be approached by local govern-
ment for e g training purposes, than individual house-
holds, and that (iii) such meactors can be located
stmategicallyto allowfor easiemaccess(andlowercost)
by desludgingcarts
(Chapter4).

Applicatlon at Intermédiate level

10. Intermediate-scalemeanscollection of (usually)
grey waste water in shallow or smail-boresewefs
followedby local (pre-)treatment.Theeffluentis theo
tmansportedoutsidethecity in acheapsewemor drain
asmostsettleablesohdshavebeenremovedOff-site
post-treatment,possiblyin stabilizationpondsoncheap
land, is a usefulandfeasibleoption.

In densily populated,unplannedresidentialameas
shalbowor small-home sewers becomemore cost-
effectivethan on-sitesanitation
(Chapter6).

11. Thelocal treatmentcanprobablybestbe achieved
by communal anaerobicreactors,to which some
hundredsof householdsare connected Anaemobic
meactomsof theUASB typehaveshownto operatewell
andmeliably at such scale,yielding reasonabletreal-
ment efficiency mi BOD and COD (60-80%). As
pathogenmemovalis aspooras with alternativetreat-
ment options(with the exceptionof 20-25dayreten-
tion ponds),theeffluentof thelocaltreatmentneedsto
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be managed with care. Communa’treatmentcould
prove an oprimal scalefrom the institutionalpoint of
view, involvingcommunhypaid caretakers,that be-
causeof their smallnumbercanbe ‘rained andmont-
toredby theresponsiblegovernment,sludgeis easier
to be removed

Experiencewith suchschemesis still hmited. The
technicalfeasibilityofintermediatescaleUASBreac-
torsposesprobablynoproblems,but itsfinancialand
institutionalfeasibility remainsto be demonstrated
(Chapter6).

Appilcatlon In off-site, centralised treatment

12. Assessmentfocussedon anaerobicireatmentasa
treatmenttechnology, it is comparedwith (land-ex-
tensive) ponding, andhigh-rate aerobicImeatmentas
alternativeoptions.Performanceparameterscompared
are:(i) removal efficiencies for BOD, COD,Kjeldahl-
nitrogen, Su’spendedSolids andpathogens,(ii) treat-
ment efficacy, reflectingprocessslability, reliability
andsturdiness,and(iii) sludgeproductionratesand
handlingrequirements.In addition economiecorn-
pansonis carnedOut usingNetPresentValues,includ-
ing land costs.

Documentedexperienceon pilot anddemonstra-
tion plant scaleexistsfor 5 relevantcases(Colombia,
India,Brazil) which is reviewedhere.
(Chapter5).

13.Anaerobictreatment(as UASB)has shownto be
economicallyattracliveas comparedwith all alterna-
toetreatmentoptions.Thispertainsto full treatment
yieldingagiven,commoneffluentqunliiy ofBOD = 20
mg/L. it impliespi ovisionofpost-treatmentafter the
anae,-obicreactor However,if land cost is low (say
heloii US$4-8— whichcanbefoundonlyrelativelyfar
awayfrom thecity)pondsmaybecornemorecompeti-
tive This statementpertainsto countrieswith warm
sewagedunrigall or mostof the year(above20 °C),
in countrieswith coldersewageduringwinterseason
current anaerobic treatmenttechnology is not yet
economicallyfeasible.

Day-averagehydraulic retention time (in warm
climate) for UASB is 6-8h. Forshortperiodsthis may
be loweredto 4 h. Loadshockscan be well accomo-
dated, as can hydraulic fluctuatioris within certain
limitations Pronouncedhydraulicshockscan disturb
the process(sludgewash-out).Start-upprocedureis
relativeby simple andtakes less than 2 months. In
general,pilot plantshaveprovento operateoverlong
penods (1 year) steadibyand reliably on municipal
wastewater
(Chapter3 and5)

14. Anaerobictreatmentis favouredby high sewage
temperatures, high(er) sewagestrength,restricted
dilution (byram)andlimited hydraulicshockboadsin
the reactor.This pleadsfor treatingonly dry-weather
flow dischargem theUASB reactor.

Thereactorrequireslittie energy,renderingit also
moreautonomousandindependentofpowerfailures.
It needslittie mechanicalequipmentand thus less
specializedmaintenancepersonnel.Arearequirements
aresignificantly bower,eventaking into accountpost-
treatmentandsludgedryingbedsAlso sludgeproduc-
non mates and dewaterability and manageabilityof
sludge are significantly more favourablethan with
other(aerobic) high-ratetreatmenttechnologies.
(Chapter5).

15. The processdanbe operatedandroutinemainte-
nance(notablysludgerernovalanddrying; destruc-
nonof foambayerin gascollector;de-cloggingof inlet
systern)carriedout by asmall numberof caretakers
and(less-skilled)operatorsForstart-up,megular(weekly)
monitonngandproblemshooting,assistanceof quali-
fied processengmeersis necessary.
(Chapter5)

16. Disadvantageof anaerobictmeatmentascompared
to all alternativesis incompleteremovalof BOD and
COD (memoval effiëiencyon BOD at this scale65-
80%, against80-95~for altematives),andvery low
removaloforganic,oxidizableKjeldahb-nitrogen(NOD).
This rendersnecessarypost-treatmentlike cascade
aeiation, tricklingfiltei; pond(shortretentionof lypi-
cally 1-5days)or activatedsludge

As is the casewith all alternatives,except long
retentionponds,bactenaandvirus removalis insuffi-
cient (removalefficiency of 2 bog-units) Helminth
ovaarebetterremovedthanin all alternatives,except
ponds(90-99.9%).Only long retentionpondswith 20-
25 days reteritioncanadequatelyremoveall patho-
gens -

(Chapter5)

17. Anaerobictrearment,beingan excellentand,ela-
tively cheappre-treatmenton BOD, SettleableSolids
and(to somee,ienrfhelminth ova, offers goodper-
spectivesas part of efJ7uentrecovery or recycling
schemesfor agricultui-e(sewageurigation),piscicul-
tu,e andaquaculture

Sludgesarewell stabilized,easyto handleanda
good soil conditionernch m nutnents

Biogasrecoverycanbe economicallyjustified if a
largeconstantgasuserin theneighbourhoodis willing
to buy it, or, at largerscale(sayfor plantstreating
sewageof at leest20,000 cap) by convertingit into
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etectncity.Safetymeasuresmustlie stnct however.
(Chapter5).

18.Thesystematicintroductionofwastewatercollec-
tion andtreatmentin general,andtheintroduction of
anew technologylike anaemobictreatrnentin particu-
lar, necessitateadequateorganisalion of the water
supply and sanitation sector institutions to ensume
good planning,implementationandoperatioriof the
infrastructure.The introduction of new technology
addressesspecificdemandsto the pmofessionaland
educationalinstitutions

Similary, sounddesignandoperationcan only be
camriedout by well-tmainedandexpenencedstaff
(Chapter5).
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P reface

The Section of Researchand Technology(DPO/OT) of the Dutch Directorate-
Generalfor InternationalCooperation(DGIS) hasa bong-standingiriterest in the
researchand developmentof domesticwaste water treatmenttechnobogies.It
pioneeredin promoting the developmentof anaerobictreatmentprocessesas
appropriaietechnologyfor tropical, developingcountries The Section has since
1982supportedprojectsnotablyin ColombiaandIndonesia,whichwerecarnedout,
at the Duich side. by the National Institute for Public HealthandEnvironmental
Hygiene(RIVM), andHaskoningConsultingEnginèers,with the scientificsupport
from theAgricultural UniversityWageningen(ALJW)

In February1989 the Sectioncommissionedthe InternationalInstitute for Hy-
draulic and EnvironmentalEngineenng(IHE), Delft, to assessthe feasibility of
anaerobichigh-ratetreatment(in specialreactors)of domesticsewagein tropical
developingcountries,thestudywascarnedoutin collaborationwith theNetherlands
EconomieInstitute,HaskomngConsultingEngineersandtheAgricultural Univer-
sity WageningenThis deskstudyshouldsupport theSectionin policy development
with regardto sanitationrelatedresearch’

Thefeasibility of aspecifictreatmentprocessis dictatedbythesanitationstrategy
andprogramnmein which it is expectedto fit (like eg. in aseweredor anon-site
disposalprogramme,in a re-usestrategy,etc) A variety of possiblesanitation
strategiesandprogramniescan be applied in the developingcountnes,and this
numberis largerthan for industnalisedcountnesbecausethe devebopingworld is
more heterogeneousandchangesfast The technicaland financial feasibilities of
suchstrategiesandprogrammesdependmi their turnon theopportunitieswhichnew
andbetterperfommrngtreatmentprocessescreateAnaerobictreatmentof domestic
sewagehas already shown it could possibly fit severalof thesestrategiesand
programmesTherefore,threemasterquestionswere to be answered.
— whichpossiblesanitationstrategiesandprogrammesareomcan becomerealistic1
— doesahigh-rateanaerobictmeatmentprocessfit in orpromotetheseprogrammes?
— if so, doesit offer a competitiveadvantagewhen comparedto all the available
alternatives?Feasibility mustbe definedin termsof technical,economie,financial
andinstitutional determinants

This approachattemptsthus to be comprehensive,which madeit necessaryfirst to
widen the study’s scopeto descnbethesanitation“landscape”,andthen to focuson
the specificposition of the isolatedanaerobicprocessesin it as comparedto the
position of othertreatmentprocesses.

This report is wntten in sucha way that oneneednot be aspecialistin the field
of sanitationomon anaemobictreatmentto folbowthe“red thread”of the anatysisand
understancithe conclusions

The sttidy evaluatesand meviews the most actual information on the issue.
incorpomatingall available pilot- anddemonstrationplant performancedata. It is
howeverdecidedlynot intendedto be adesignmanual;for anysuchpumposethe
reademshouldconsultthe experienceddesigners/manufactumems,like theconsultants
HaskoningandDHV Internationalin TheNetherlands.

It is envisagedthat the results of this analysiswill enablepolicy makersand
techniciansto becornebetteracquaintedwith both the mentsandthe limitationsof
anaerobietreatmentof domesticsewage.It is hopedthat this studymay also be a
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contribuiion to abettemunderstandingof thecomplexsanitationproblemin theless
iridustrialisedcountnesin the world.

Theauthorsexpresstheir smcerethanksto theDGIS SectionDPO/OT,andto all
who havecontributedto this work They are mdebtedto reviewemsof the draft
version, in particularDr. I.A. Heidman(U.S. EPA, Cincinnati,USA), Prof M
Switzenhaum(Univ Massachusetts,Amherst, USA), Prof. W. Verstraete(State
Univ. Ghent,Belgium),Mr. W.vanStarkenburg(Nat. Institutefor WasteWaterTreat-
ment, Lelystad,The Netherlands),Mr. E H. Hofkes (Euroconsult,Arnhem, The
Netherlands),Dr P.M. Modak(IndianInstituteofTechnology,Bombay,India),Mms.
S.M. Manso Vieira (CETESB, Sao Paulo, Brazil), Prof. van der Graaf (Delft
Universiiy of Technology,Delft, The Netherlands).Dr. E Ferguson(TNO, Eind-
hoven,The Netherlands),Prof WJ. Jewell(CornelI University, Ithaca,USA), and
Prof. F Fdz-Polanco(Univ. Valladolid, Spain)

The authomswould appreciatereceiving commentsfrom readers, in orderto
further stmengthentherelevanceof the report.

1 The desksiudy will be apartal iiie paihbon paper ~TreaimentifuquidWa~ie
in Developing CountneC, whichii currenty underpreparabon toi the Sechon DR)!
(IT This papa will denitly the actual position alknowledge and eiperlence wluh
regard io iiie hnoad ssue 01 saniubon In devebping ceunirles, ii will inveniodze
cumreni research actjvdies and will provide orienlatoni lor lulure research





1 Introduction

1.1 Background of the study

Provisionof safewater in sufficientquantity andthe
removalof wastewaterm an hygtenicmanner(sam-
tation) areprerequisitesfor public health,econotnic
development and welfarein any society.

On aglobal scale, theprovisionof sanitation in less
industrialised countrieshas a severebacklog when
compared to the supply of cleanwaterto the house-
holds. The International Drinking WaterSupply and
Sanitation Decade (IDWSSD, 1981-1990) did empha-
sizewatersupply As aconsequence, public healthdid
not improveas much as expected.as adequatedis-
posalofincreasingwastewaterfiows waslacking.In
the lessindustrialised.ordeveloping,countriesurban
sanitationremainscharacterizedby low coverage(10
to 50%).In particularthesmallercitiesandtownsand
the peri-urbanregions(urbanfringes)requirespecial
attention given their presentlow service coverage.
their lackof financialandinstitutionalcapacities,and
their stronggrowth dynamics.The high urbanisation
ratesin mostdevelopingcountriesstressesthe need
for sanitation.as thereis adearrelationshipbetween
lack of adequatesanitationandpocir public health.

The challengeto improve this situation can be
translatedinto assignmentsto searchfor technologies
thataremoreeffect.ive in removing,transportingând
treatingthe domesticwaste,at a lower cost. In addi-
non.newconceptsand toolsneedto bedevelopedthat
address the urbansanitationproblemsin more cost-
effective ways.

Recentexperiencewith domesticwastewatertreat-
ment in high-rateanaerobicreactorsindicatesthatthis
technologyhas the potential of becoming such an
appropriatetool.Theanaerobicprocessesfeatureshort
retentiontimes.resultingin costreduction.Theproc-
cssis promotedby high temperatures,foundin coun-
tries with a predominantly tropical chmate (water
temperature above 20 °C). It bas beentried out, with
success,on pilot scaleboth as on-site treatrnent for an
individual household, as well as on the scale of typical
large sewage treatment works designed to treat the
waste water of a whole city

The Sectionof Research and Technology of the
Direction of Private Activities, Eclucation and Re-
searchProgrammes(DPO/OT)of theDutchDirecto-
rate-Generalfor Develo~mentCooperation(DOIS)

has since 1982 supported activities to study and de-
velop anaerobic sewage treatment technology in
developingcountries Two major fïeld research proj-
ectswereconductedin ColombiaandIndonesia

The presentstuçly wasconimissionedto analyse
the sub-sectorof urban sanitation, to identify the
dynamicsof its expecteddevelopment,andto assess
the feasibility of anâerobicsewagetreatmentunder
various conditions prevailing in less mdustrialised
countries.Thestudyaims,by synthesizingthe results
andexperiencesobtainedsofar, at assessingthe tech-
nical,economie,finahcial,andinstitutional feasibility
of anaerobicscenariosin urbanareas,as comparedto
other scenarios.The conclusionsandrecommenda-
tionsshouldassistDGIS(DPO[OT) to furtherdevelop
its policy with respectto urbansanitationin develop-
mg countnesand the potentialsof anaerobicwaste
watertreatmentThefindings of the deskstudyareto
be incorporatedin a position paper“Treatment of
Liquid Waste in DevelopingCountries” for the same
SectionDPO/OT which will give directivesfor cur-
rent andfuture researchactavitieswithin the field of
sanitation and hquid waste disposal in developing
countries.

1.2 Procedure and organlsation of the study

1.2.1 Terminology
In this study the following conceptsaredefinedand
discussed - -

— “developingcountries”will beconsideredsynony-
mouswith “lessindustrialisedcountnes,”comprising
theLeastDevelopedCountries(LDC5) as well as the
Newly Industrialising Countries(NTCs),
— “samtation”is understoodas“integral wastewater
management.”safeandrehablewith regardto aspects
of public healthas well as of the environment.This
mvolvestheremovalof thesewagefromtheinhabited
areas,its transportation,treatmentandajustiflable
dischargeinto areceivingsurfaceor groundwater
Includedis thedisposalof sludge,producedin anypart
of the treatment.For this study only domestiewaste
water is considered,
— a“sanitationstrategy”relatesto the objective(s)a
governmentwantsto achieveby implementingsanita-
tion programmes, -

— a“samtationproginmrn~”is composedof thehard-
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ware andsoftwarenecessaryfor the appropriatelevel
of wastewatermanagement, in order to meet the
strategy’sobjectives;severalpiogrammesmay fit a
strategy;
— “treatment”is apart of this sanitationprogramme,
— ‘high-rate” treatmentrefersto thenewgeneration
of waste watertreatmentreactois,with an optimized
designbasedon abetterprocess-technologicalunder-
standing.

Thebasicapproachin this studyis to discussfirst the
issuesandpriorities m the urbansanitationstrategies
andprogrammesPrimary decision-makingfocusses
on whether waste treatmentand disposal is to be
implementedon-siteathouseholdscale,off-siteat the
largescaleofacity or town, orat an intermediatescale
(township.city quarter).Assaidearlier, basedonpilot
scaleexperienceanaerobictreatmentcould possibly
be appliedin all threeca.ses.

An on-site option conventionallycombinescol-
lection andtreatment,excretaandwastewater(black
orgrey— see5crtion 1.4 1) aredisposedattheplaceof
origin, usually by meansof percolationof the liquid
fraction into the soil, and periodic removal of the
collectedsludge.

OIT-sitewastewaterdisposalmeansthatall waste
water. sometiniesm combinationwith stormwater, is
collected on a large scalevia a sewersystem The
collectedwastcwatercan then betreatedin acentral
purification plant.

Intermediatesealefacilities are defined as the
whole rangeof well-known as well as experimental
combinationsof collectionsystemsandtreatmentm-
stallations,thatcannotbecategorizedason-siteoroff-
site, andgenerallytakecareof the wastewaterof a
smallerpartof acity or town Examples,to befurther
discussedin Chapters4 and6, aresharedor commu-
nal systems.In theseoptions,everyhouseholdhasits
own toilet facility. connectedto alow cost sewerage

anda smallcentraltreatmentinstallationservingtypi-
caily 2-5 households(“shared” system)or 10-100
households(“comrnunal”system).Theeffluentof the
treatmentfacility (septic tank, high-rate anaerobic
reactor,trickling filter) can bectischargedinto adrain
or asewer(smalldiameterand/orflat slope)

1.2.2 Procedure of the study
First,msightshouldbegainedin thetechnical,mana-
gerial, economic,financialandinstitutional feasibili-
ties of the possible sanitation strategiesand pro-
grammes.They aredeterminedby characteristicsof
the situation, like the provision of tap water, the
averagemcomeof the consurners,andsite-specific
technicaldata.
Onceaworkablestrategyandprograinmeareknown.
the feasibility of anaerobictreatmentin themcan be
determmed.All feasiblealternativesmustbe worked
out.Only if theanaerobictechnologyprovescompeti-
tive (moreattracti%’eat samecost,or cheaperat same
degreeof attraction),it maybeconsideredsuccessful.

However,to complicatematters,the feasibilitiesof
the strategyandprogrammedependthemsetvesalso
onthe characteristicsof availabletreatmenttechnolo-
gies.For example,in a given urbanisedareacondi-
tions may favour astrategy leadingto sewenngthe
area,howeverif the local environmentwould betoo
fragile to receivethe unpurified sewage,andif no
sufficiently cheaptreatmentexiststhatcan lower the
pollution bad to acceptablelevels, the sewerageop-
tion mayhaveto bereplacedby analternativestrategy,
like on-sitesamtadon,until the community is ableto
bearthe full costof sewerageplus centralisedtieat-
ment Unfortunately,in numerouslocationsfinancial,
technicalandotherconstraintsaresopronouncedthat
feasiblesolutions arescarceand“service-maximiza-
tion” becomesin fact “public healthrisk-minimiza-
tion “This interrelationshipcanbeschematicallyrep-
resentedin Pigure11.

determinants (technical, site-specific, financial, etc.)

strate~~ * prograe 1 *

programnte 2 ~ *

t -*

treatment process 1
treatment process 2
treatinent process 3

Flgure 11 Iterative process lor sanitatiorn strategy development



Waite Witer Maiagernent ii Develaplngcountilei

Mosi studieson the feasibility of treatmentandcbs-
posaltechnologiestendto focusonanisolatedfacility,
which may be a reasonableapproachin a rural or
otherwiseclearedsettmg.Ina moredenselypopulated
areathis mayno longerbe true:on-sitepit latrinesfor
exainple.which often form the economicalbymost
attractive solution when judged individually, may
becomeunfeasibledueto limitations in spaceandac-
cessability,or to the fact that a simple and cheap
combinedsystemcanbe constructedin favourof off-
site alternatives In other words, the presentstudy
attempts to basedecision-makingon the complete
sanitation landscapeinvolvmg lage areas and all
relevantaspects.ratherthan on treatmentalone.

1.2.3 Organlsatlon of the study
The first ehapter briefly discussesthe specific as-
pects of sanitationin developingcountries.It intro-
ducesthe technologyoptionswith regardto the treat-
ment of wastewater, as thesearealternativesto the
anaerobicoption.

The secondehapter identifies and describesin
detail (i) the factorsthat determinethe feasibility of
sanitationstrategiesandprogrammesand(ii) the se-
lection criteria for an optimalwastewatertreatment
technobogywithin suchastrategy.Somedeterminants
are more relevantfor the overall strategy or pro-
grammeselection,whilst otherspertain moreto the
treatmenttechnologiesassuch.
The determinantsare.
(i) feasibilityof wastewatercollectionandtranspor-
tation systems(sewerage).
(ii) siteconditionswith respectto the physicalenvi-
ronment,the urbanisationpatternandexistingservice
levels,
(iii) environmentalfeasibihtywith respectto protec-
tion of surfacewaterand/orground water(includes
specificationof the treatmentfacilities, their removal
efficiencies,andefficacy or reliability),
(iv) financial andeconomicanalysisof thesanitation
strategyandsanitationtechnology,
(v) institutional requirements,
(vi) unit scaleof the sanitationtechnology

Thesedeterminantscan be combined in a matrix
(“landscape”) andthey definethe stiategiesandpro-
grammesthatmay beapplied;in eachoption anaero-
inc treatmentmay or may not play a role. A major
distinction beiween threeclassesof situations thus
arises, of which the treatment facility scale (degree of
centralisation)is the governingparameter
— on-site,
— off-site, and
— tntermediatescale.

Chapter threedescnbesthepros and consof anaero-
bic treatment technology for domesticsewage.Five
important pilot anddemonstrationplant dataarere-
viewed.

TheChaptersfourandtheconcentrateonthetaso
major sanitation options as identified in the “land-
scapematnx” treatnientat on-site(household)scale,
andcentralisedoff-site treatment(city-wide). Within
eachoption thepositionof anaerobictechnobogiesis
discussedin thelight of thedetermmantsmentionedin
Chaptei 2.

Chaptersix describessamtationprogrammesthat
combme and/or integrate on- and off-site options
Theseintermediate-scalecombmations,thoughsome-
times unconventional,may in somecasesbettersuit
the needsandtargetsof asamtationstrategy.

Finally, Chapter seven formulates conclusions
and recommendations

1.3 Waste water management In developing
countries

1.3.1 Sanitation and public health
The links betweenwaterquality anddiseaseshave
beeninvestigatedanddescribedin muchdetail(Feachem
etal., 1983).Waterthat is not safefor humanconsum-
ption can spread disease;madequatefacilities for
excretadisposalcan becomepathwaysfor transmit-
ting pathogensto healthy persons.Coupled with
malnutrition,excreta-relateddiseasescantakeaheavy
toll in developingcoontries,especiallyarnongchil-
dren In addition,the presenceof contaminatedsur-
faceorgroundwaterseverelyreducesthe availabihty
of raw waterof sufficientquality to be usedfor con-
sumption,fishing or recreation

Theexistenceoftheselmksis now generallyrecog-
nized, and SO has the political importanceof the
provision of safe drinking waterto the population.
This recognitionis largelydueto theimpactof the UN
InternationalDrinking WaterSupply andSanitation
Decade, imtiated m the Ma dcl Plata UN Water
Conferenceof Spnng 1977 It led to considerable
progresson theimplementationside~whereasin 1980
only 33% of therural~opulation in developingcoun-
tries benefittedfrom watersupply, this numberhad
nsento 42%m 1985,the ifguresfor the urbanpopu-
latconremaininghigh during this periodat approxi-
mately75% despitetheurbangrowth

Thehealthrisks associatedwith wastewaterhow-
ever, andthepolitical weightof sanitation,havenot
yetreceivedthe samerecognition.Of the ruralpopu-
bationin developingcountriesonly 16%hadaccessto
adequatesamtaryfaciities in 1985, against 13% in
1980.Thecoverageratiosfor theurbanpopulationare
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33 and 59% for 1980 and 1985. respectivety(WHO,
1987; WorldBank estimatesare10 to 20% lower,sea
Rietveld,19881 Cautionis requiredwheninterpretmg
thesefigures. Often the mere provision of a waste
water removal mechanismlike sewerageis already
calledadequate,thusshifting the healthrisk from the
town or city to the environment(either the surface
water in the caseof sewersor drains, or, to a more
limited extent, thegroundwater in thecaseof on-site
sanitationwith svastewaterpercolation)

In general,it shouldbeemphasizedthat in orderto
achievepublic healthbenefits,equalattentionshould
be givento improvedwatersopply, sanitationfacili-
ties andpublic heaJtheducation.This is illustratedin
Figure / 2.

Flgure 1.2 Relationship between health tmprovements (resuft). and
water supply, sanitatton, and heatth educatton (means)

As a rule. thecostsfor the provisionof sanitationare,
torthehouseholds.eqoalto or higherthanthecostsfor
watersupply Given the low averagehouseholdin-
comein developingcountnes,andthe recommenda-
tinn that theseservicesshooldnot consumemorethan
3-5%of this income.it becomesevidentthatconven-
tional, truly satisfactorytechnic~dsobutionsareusu-
ally too expensive.In addition,thebackof experience
andtheweakinstitutionalcapabilitiesof theagencies
responsiblefor urbaninfrastructurejeopardizecostre-
covery,operationand maintenance.

1.3.2 Urban and rural stress on the environment
Thesizeandconsequencesof the sanitationproblem
varyconsiderablybetweentheurbanandruralsetting,
andbetweendifferentrural settings.Populattonden-
sity is in this respecta majorparameteraffectmgthe
exhaustionof the “pollution earrying capacity”of
the natural environmentin the vicinity of the settle-
ment

Thispolbutioncarryingcapacitydetermineshowmuch
wastecan be al?sorbedby the ecosystemsin the
environmentthroughwhatappearto be self-pui ifica-
non processes.The more limited this capacity(be-
causeof thesmalipart of the “free” environmentleft
over,orbecauseof thefragility of theecosystems)the
more effort andthus moneywill be requiredto keep
pollution in and near the habitat below dangerous
levels

Theextentof the sanitationproblemin ruralareas
should not be nunimized income is very low and
cultural and institutional acceptanceof technological
solutionsis evenlesssecuredthan in urbancommuni-
ties Yet the most simple andcheapsolutions,like
good drainageor leaching pit latrines, are in most
casesaJreadyeffective from apublic healthview as
well asenvironmentatlyacceptablebecausethepoilu-
tion intensity (eg expressedasbadofpollutant to be
absorbedper unil of time and per unit of surface
availablein thenatoralsurrounding)is small. In addi-
non,theagriculturalactivitiescloseto the villagesare
anappropriate“sink” for theabsorptionof mostLypes
ofhumanwaste.Any othersolutionstriving for higher
pollution removalefficiency,however,wouldbecome
rapidly financially unfeasibbe.

Theurbansettingon thecontrary,is characterized
by high populationdensitiesand, intemally andat its
perimeter,astressedenvironmentdoeto theveryhigh
pollonon intensityandconcurrentreducedsizeof the
naturalenvironm6nt As aconsequence,to avoidde-
gradationoftheenvironment(sorfacewaterandground
waterpollution, solid wasteaccumulation)moreat-
tention must be paid to planningin sanitatiun,and
specialtechnical measuresmust be taken to reduce
pollution badmoreeffectively,usoally invobvinghigher
expenses

Whereasaffordability and positive interest for
sanitationandenvironmentprotectionposeno major
problem to the small, rich part of the community, a
majority of theorbandwellersbackthereqoiredlevel
of educationandfinancialstrengthto support themore
comphcatedsanitationprogrammesat wider scale.It
is thereforeunlikely thathigh-ratetreatmenttechnolo-
gieswill playarolein all urbanandsemi-urbanareas.

The powerful growth of Third World cities deserves
thereforespecialattention.Citiesareenvironmentally
onstablesystems,andsostainablegrowthnecessitates
high investmentin technobogy— for which themoney
often lacks in the Third World. In the developing
countriesthe numberof peopleliving in cities bas
increasedfrom about300million to 1.2 billion in the
period1950-1986.1f thisgrowthcontinoes,morethan
halfof humanitywill residein citiesat thetom of the
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Tabte 1.1 Size distnbulon of tndien urban setttenients (CBPCWP, 1979 & 1980) Figumes are based on 1971 census and adlusted lor growtti
up to 1986

Category Size(inhabitants) — Nomber Totalpopulation1

Monicipality class2 50,000-100,000 190 18.Smiltbon 23%

Municipalcorporation ctass 1 100,000-1000,000 133 62.6 mitlion 7 8%

Municipatcorporation class 1 >1,000,000 9 45.4million 5.7%

Perceniage pertains io rabo of popuiaiion in ihe cionsidered ctass io ioiai Lstan + rural populaiton

centory. InAfnca,theleestorbanisectcontinent,urban
populationgrows5%yealy,from 175million todayto
368million in2000.Doring thesameperiodnumerous
Asian cities will have tripled or quadrupledtheir
populations.eg. Baghdad,Bombay,Dhaka, Jakarta
andSeoul.In LatinAmericaalready65%of thepeople
live in the major urbanareas.Of greaterconcernare
the hundredsof lesswell-known cineswith popula-
tions between100,000 anda few nullion. Table 1 /
providesa distributionof city sizesfor India. Most of
thesecities do not enjoy the relatively favourable
economieconditionsof the country’smetropolises,
andmaythus faceevenmoreseriousconstraintswith
regadto provision of urbaninfrastructure

In ruralareasandtownswith apredominantlyagricul-
toral environmentsanitationneedsto emphasizeonly
removalof wastewaterfromthe habitatbecauseof its
pathogeniccontent,andpossiblytreatmentin theform
of paihogenremovat(usuallyby toilet wastepercola-
tion into the soil). In the orbanisedareas,where the
sorroundingenvfronmentis stressedandhasalimited
waste assimilation capacity, BOD and nutrient re-
movalmay becomemoreimportant,besidesthe con-
cernfor thereductionof therisk ofindividualscoming
into contactwith sewagecarryingpathogens

Roral sanitation will thereforegain little benefit
from the developmentof efficient wastewatertreat-
ment technologiesthat aim at BOD removal (like
high-rateanaerobictechnologies).In theruralareasof
somecountries,like theP.R. China,Nepal andIndia,
advantageoosuse is madeof farm- or vsllage-scale
digestionof manoreand,sometimes,humanwaste,to
generatemodestan100ntsof biogasandfertilizer In
manyanothercountry suchschemeshavefailed This
anaerobicapp!icationin sanitation,Lhough not high-
mate, will be briefly mentionedin Chaptei 3. This
report focosseson liqoid wastes, and consequently
pnmnarilyon the orbansetting

1.4 Waste water treatment technologies

1.4.1 Waste water and its treatment

a. Domesticand industrial wastewater
Under domesticwastewatermay be understood

toiletwastewater(blackwastewater), with adaily
per capitaflow dependingon analcleansmghabits
(with or withoot water) and on the type of toilet
facilities;
— sullagefrom kitehen,bathroometc with a daily
flow and organic pdllution bad dependingon in-
hooseusagehabits (Iaondering,bathing, washing,
etc.) andthe level of watersupply service;
— blackwastewaterwith sullage(greywastewatert,
and
— if domesticwaste water is transportedthroogha
seweragethat also receives(part of) orban run-off
water, it will mcludeadditional pollutantsof different
kmds, as well as additional flows of non-polluted
drain water, subjectto irregularvariationsof a lage
magnitudeThesevariationshaveconsiderableconse-
quencesfor thedesignof thesewerordrainaswell as
the treatmentsystem.

The waste watertypescanbe schematicailydepicted
asshownin Figure 13.

The flow pattern bashourly, daily and seasonal
variationsthat may be very pronooncedand affect
design,operationandcontrol of sanitation systems.
Generally,industrials~astewateris moreconcentrated
thandomesticwastewater,sta composition,how and
flow patternare speeifscfor each industrial sector
Normally thewasteshouldbetreatedon the factory’s
terrambeforebemgdischargedin asewerorriver.

b. Objectivesof wastewatertreatment
The objectivesof wastewatertreatmentmay be the
removatoP
— Oxygenconsomingsubstances(expressedasBio-
logica! Oxygen DemandBOD, Chemical Oxygen
DemandCOD,andNftrogenOxygenDemandNOD).
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becausedischargingtoomuchinto sorfacewaterteads
to depletion of dissolved oxygen and henceblack,
smelling andsepticwater, andfish mortality,
— SospendedSolids(TSS)andsettleablesolids that
canincreasewaterturbidity andsettleout in channels.
drains,sewersandreceivingwaterbodies,wherethey
maycauseobstructionandrottimig on thebottom,
— Notrients (nitrate N01 andphosphatePO4

3) to
preventexcessivealgaebloom in the receivingwater
(eotrophication).
— Pathogenicorganisms,like somefaeces-related
bacteria,viroses.someprotozoaeandamoebae,pa-
ticubarly in iheir dormani state (cysts), and some
helminths and iheir eggs (ova), a relatsonbetween
occorrenceof contagioosdiseasesandaccessto con-
taminatedwaste waterexists,
— Inorganicandorganicmicro-potlotants,that may
distorb aqoaticlife, andendop in food chains

e. Classification of sanitation systems
The major distinction in sanitation systemsis deter-
mined by their onit scaieIn on-sitetreatment,waste
fbows are treatednear the poini of orsgsn (osoally
hoosehold),inolT-sitetreatmentthewastewaterneeds
to be first collected andtranspcrtedto a p!aceat a
certaindistance(at theedgeof the city) wheresi will
be ireatedcentrally Transportationtakesplaceonder
gravity or onderpomppressore,hot thelattersmplies
investmentandoperationcost for pomps,as well as
higherconstroctionsiandardsIn the caseof off-site
treatmeniof domesticwaste water, the cost of the
colleetion and transportationnetwork must be bal-
ancedagainstthegain in thecostof centralisedtreat-
ment which is doe to the scaleeffect. Other factors
mayalso agoelor centralisedwastewatertreatrnent:
it is easierto maintaina high treatmentefficiency in
largerplants,andtheremay be leasonsto discharge
fully treatedeffbuentson surfacewaterratherthan let
ii percolateinto the soil Annoal costsof collection
systemswill be of the sameorderof magnitodeas
ihoseof the treatmentsystem This expbainsthecon-
tinoing interest in relatively simple on-sitesystems,

premising that (ij a particolar technologyof bimited
costcanbe foond. so that thesomof thecostsfor the
on-sitesystemslies bebowthat for acentralisedtreat-
ment plant plus sewerage,(ii) this technobogypro-
docesaneffioentthateithercanbepercolatedmto the
soil or collected througha sewer/drainsysteni of
samplerandcheapernature,or (iii) a combmationof
both

1.4.2 Waste water treatment

a. General
Waste water treatmentsytems can be divided mto
(micro)biobogical.physical, and physical-cheinical
processesAmongst the microbiobogical processes
onecan distangoishaerobicandanaerobicprocesses.
An overview of the varioos technobogiesis given in
Table 1 2

Appendix/ providesdata-sheetsof the inain char-
acteristicsof themost importantalternatives~aerobic
hagh-rateprocesses,as well as low-rate anaerobic
processes

The porification of wastewater prodoces lage
amounts of inert and organic sludge,which have to
be thickened, treatedand disposedof This is an
important and expensivepanof waste water treat-
ment This holds particularly for aerobicprocesses,
whereabouthalf of the organicpollotion is not con-
vertedsnto snertend-prodocts,bot into organicbio-
mass, the “excesssludge.”This sbudgeis usoalby a
combersomeprodoctandoften“onstable.”u e it will
rot in the air. causingsevereodoorproblemsAnaero-
bieprocessesrely onmicrobiobogicalconversionsthat
prodocemuch !ess excesssbudgein a more stable
(non-rotting)condition.

b. Conventional (aerobie) sewagetreatment
Domestacwaste water (sewage) in indostrialised
coontriesis commonlytreatedin a seqoenceof proc-
esssteps Most sewagetreatmentplantsconsistof a
primary. secondaryand, in those caseswheread-
vancedtreaimentis necessary,tertiary treatmeni.In
primary treatmentsettleablematerials (grit, sand,
largeorganicmatter)areremovedby straighiforward
settlsng. typically 20-25% of the sewageBOD can
thus be removed.Seeondarytreatmeniis osiially
aerobicandsnvolvesmicrobiobogicaloxidationof the
organacpoliotants(BOD andafoally NOD) by me-
chanicaladditionof airempboyingpowerfol rotating
surfaceaerators,compressedairor by betting thewater
trickle downin than layersover somereactorfilling
material.Tertiary treatmentis more expensive,and
much less widespread.By app!ysngbiologica! or
physical-chemicalmethodsit aims at fonher poiish-

Flgure 1.3 Types of domestc waste water
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ing of theeffluent,at remova!of niti ates.phosphates,
and, in a numberof cases,of pathogens.

Thepredominantbyorganicsludgeobtainedin these
treatmenisteps is separated,thickened, and com-
monly stabilized in aerobic or anaerobacdigestson
tanks. Finally it is usually dewateredbefore it is
applied as fertihzer,soil conditioner.or domped(if

heavymetal contentor economieconditionsdo not
allow other end-uses)

Such conventional treatmentis costly andcom-
plex, reqoiring trainedpersonnelfor management,
operationandmaintenance.Efficiency andcost con-
siderationsgenerally calI for centralisedtreatment,
which necessitateslong sewagecollectionandtrans-
pnnlines.Fordevebopingcoontriessimplerandcheaper
systemsshooldbeableto betteraddresstheprevaaling
economieandinststuiionalconstrasnts;this mayresutt
in either cheapercentra! treatment,like in ponds if
land priceis very low,or in cheapercir smallersewage
collectsonsystems(t e applying decentralssedcom-
pletetreatment,orpre-treatingwastewaterso that this
pre-ireatedwastewatercan be transportedin sewers
of cheapereonstroction,or diverting the waste waler
into thesoil by percolation).

e. Anaerobic treatment
For five years,positiveexperienceswith theanaerobic
treatmentof varioostypes of domestic waste water
indicatedthat this novel technobogymay becomean
appropnaietoot in wastewatermanagementConven-
tiona!, aerobicwasiewatertreatmenthasbeenexten-
sively appliedin industrialisedcoontries,bot hasthe
repotationof beingexpensiveandrequiringspecialist
supervision.Anaerobic waste water treatmenthas
beenintrodocedon foll-scaleon viaioos typesof in-
dustrial wastewaterfor overadecade,both in cold
andwarm climaies.Resoltshavebeenin mostcases
successful,thoogh anumberof operationalproblems
remain partly unsolved Newly developedanaerobic
processes.carrsedout in speciallydesagnedconcrete
or steel reactors,featorehigh-rateqoalitiesandshort
retentiontimes which generallymeanreducedcon-
siroction costs “Conventional” anaerobsctreatment
includesapplicataonof for exampleanaerobacponds,
it hasbeenappliedsuccessfutlyssncelong botreqoires
muchbongerretentiontimes.

The applicationto more dilute domestiewaste
waterappearsto berestrictedto the relatively warm
sewage.up to now 20 t seemsto mark the lower
practicablelimit.

Anaerobic waste watertreatmentcan becomean
atiractivealtematavebecause
— onder tropical climatobogacalccnditions diloted
wastewaterlike sewagecanbedigestedefficient!y.as

hasbeenshownon apilot scale.This positiveeffect
becomeslesspronooncedin temperateclimates,or in
clamateswsthextreme!ow temperaturesfor prolonged
periods(mountaanousareas,deserts).Figure L4 pro-
videsa world mapindicating the regionswhereeffi-
cient anaerobactreatmentis lakely to be possible
(white centralareaalongthe Equator),aswell as the
regtonswhereit becomeslessobviousbut stil! pos-
sibbedueto under-optimalambtenttemperatoreranges
(shadedareas), it should benotedhoweverthat, par-
ticolarly sf thereactoris well insulated(e.g whenthe
reactorIses bebow ground level), the day-average
sewagetemperatureis a more correct predictingpa-
rameterthantheair ternperatoreMost lessindostrial-
ised countries full in the regions with favourable
climate; exceptionsareprobably mountainousareas
in northemIndia,Nepal.somepartsofSouthAmersca
andAfrica as well aspartsof ER. China.Theseareas
howeverdo not representa majorsharein termsof
popolatson,
— processexperienceon demonstrationscaleshows
aconsiderableprocessstabiatyaswell asflexibalaty to
absorbshockloadsandadaptto abnormalconditions;
— despite lower reinoval efficiencies than can be
achievedby aerobic treatment,anaerobictreatment
mayplay a majorrole in overall reductionof pollut-
ants, notably BOD, in orderto improve the BOD
removal efficiency aal anaerobicpost-treatmentmay
beuseful,
— high vobumetricloadingsandtheabsenceof major
mechanicaleqoipmentindicateeconomieadvantages;
— significant lower sludgeprodoctionratesreduce
the costs for sludgetreatment/disposal,the shudgeis
wel! stabilized.

Theaboveremakspertainto anaerobicreactorsfea-
tunngonereactionchamberRecentexpenmentsindicate
that wsth a two-stageor three-stagereactorhigher
treatmentefficiencieÇcanbe obtamed.



Ftgure 1.4 World cltmaho zopes based on climate map in the Time atlas of the World Anaerobic sewage treetment is delnitely possible in the
equatonat zone within the stripS liries becauseaf generatfy high anbient (sewagel tempereture Anaerobii sewage treatment is probably feasible
in the grey-shaded areas (usually a suftcientty elevated sewage temperature). In white areas it may usuelly prove ho expensive compared With
other treatrnent methode.
Between the striped ~nesClimate Â, rainy cilmate witfi no winter, averagetenwerature In col~sfmonth ~ove18 °C.Grey-shaded areas Chmate
3h, cIty cbmate, all months above 0°CSi.ttropical end troprcat deserts Ctimate Ca4 F1uniid, subtropcal Coolest month average above 0°C.,
warrnest month above 22°C.

0
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Table 1.2 Briet ovetview ot existing waste water and sludge treatnient technotogies

1 .2.a Physical treatnient (usually in conjunetion with other treatruent)

Rough screening
Sedimentatton (settting) grlt removal, pnmary sedimeniatton,clarification,secondary

(biomass)sedimentation
Ftotation
Fittration (ensandorgranotaractivecarbonbed)
Uttrafittration(onmembranes)
Strafning

1.2.b Aerobic (micro)bictogical treatrnent

Processes with suspended blomass
Activated stodge treatment with- surface aeration

compressed airaeration
Oxidation ditch (carooset)
Fhostrip process
Aeratedtagoon
Facuttative pond (oxygen provided by diffusion and via atdae)
Facuttative pond wifh ftoahng aqoatic macrophytes (FAM), reed, fish, etc.
Nitrification process
Biotogicat p~iosphorusremoval

Processes with attached-growth (immobilized) biomass
Tnckling filter
Biotogicat rcitating disc (RBC, biodisc), rope eontaetor
Stow sandfitter, intermittent soil infittration

1 .2.c Anaerobic (micro)biotogicat treatrnenf

Processes wlth suspended biomass
Up-flow anaerobicstudgeblanket process(UASB)
Anaerobiccontact process
Anoxic denitrification

Processes with attached-growth (immobilized) blomass
Anaerobicfllter
Floidized/expanded bed process (i a. AAFEB, ftoidized sand carrier)
Anoxic denitrifieation
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1.2.d Physlcal-chemicat ireatment

Coagutation/ftoccotation
Stnpping/desorption of gases (e.g ammonia, hydrogen soiphide)
Adsoiption en active carbon
ton exchange
Oxidation with oxygen, erosie, chtorlne, chlorine droxide, sodium perrnanganate, etc
Disinfectton with - chemicals (mosity chtorine)

oltra-vlotet rays (sontight)
- sitver, copper lens

Breakpointchtonnationto rernoveammoniom

1.2.e Treatmeni of excess stodge

Physicat thickening
Siabitization/digestion. - aerobicby protonged aeration

- anaerobic
Disinfection - heat treatment by aeration

- heat treatment by externat heabng
- time treatrnent (high pH control)

Re-use as ferfitizer, in liqoid er dned form
Dewatering en sand bed, in bett sieve press, in pressiore filter, in centrifoge
Tipping (onty in dned form)
Incineratlon (onty in dried term)
Composting (incombination with sotid refose)

1.2.f Typical cn-site technotogies

Dry - pit tatnne
- vaotts,buckets
- composting toilet

Wet - teaching cess-poot with percolation info the soil
- septictank with percolation bed
- up-flow anaerobtcslodgebtanket(UASB) with percotation
ditto, bot with supematantdrainedabove ground

- small fish pond

1.2.g Naturel systems

- Cvertand flow
- Use asIrrigatlon water, aqoacotture, pisciculture

Wellandsystem
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2 Strategies and Determinants of Sanitation

2.1 lntroductlon

In order to assessthe position of anaerobactreatment
processes in sanatationprogrammes,the strategies
thatassistin implementingtheobjectivesof thesana-
tation.andthedetermimantsthatdefinethefeasibility
of strategy,programmeandtechno!ogymustbeaden-
tified. This will help to ratsonalizeandsimplify the
complexsanatation“landscape.”

To realizeasanitationprogrammeatminimum cost
severaloptions are available. The technicalchaac-
teristicsfor classifyingtheseoptionsare:
— whetherthe sanitation option requireswater for
properperformanceand/orflushingj’transportationof
domesticwastefiows; this leadsto abasicdivision in
dry andwei systems:
— whetherthe samtailon option relses technically
speakingon on-siteor off-site treatmentand/ordis-
posalof wasies;this mayalsoleadto thedastinctionof
a third, intermediatescale.

Additional criteria of a techmcaland non-technscal
natureareneededto judgewhich sanitationoption as
mostappropriatein a particulasituation

Thedetermmantsdescnbedin thisChapterassistin
selectionofthe optimalsamtationopt tonfor aspecific
local situation Yet oneshoold realizethat in realaty
eachtown or neighbourhoodcalls for an andividoal
sanitationstudy,yielding probablyamix of appropri-
ate solutionsto beappbiedsimultancously

2.2 Available technologlesfor human waste

disposal

2.2.1 On-site sanitation systems

a. Dry systems
Commondry on-sitesanitationsystemswithoot water
sopply arepit Iatrinesequippedwith asqoattmgslab
or a pour-flush bowl. The faecal materaal (sludge)
digests anaerobically,it densifiesandmaturesm the
pit, while thesmallamountof laquid 1 largelyome)is
allowed to perco!atemio the soil

Theseon-satesanitatsonfacilatiescomrnonlyserve
oneto a few householdsandfunction well, provided
populationdensity and waterusefoa flushing in the
toilet ae rathertow The structureshave mostly a

permanentcharacter;regulacollectionofsludge(once
everyfewyeas)is to becarriedout whenthe pit is full.
This is usually camedout by individuals wathsimple
equipmentandasmallcart,or, in morewealthy areas
with sofficient accessby specialtrucks

As m-housewaterconsumptionis very low (typi-
eally ~ 30 L/cap.d), sullage production is minimal as
well; ii finds its way over the surface in gotters or
drains It finally ma~’ infiltrate mto the soil or be
dischargedinto surfacewaters.Contrary to toilet waste
it does not contain faecal matter and is thus more or
lessfreeof pathogens; on the other hand ii represents
an organac polbotion bad (BOD) of the same magns-
tude.

In China,Korea,Japan,somepartsof theIndochi-
nesesubcontmentandIndia humanexcretaaretradi-
tionallycollectedatnight (nightsoil)inaboeketplaced
onderthe squattmgslab.The boeketis emptiedom a
daily basis by a cartage service and brooght to a central
colleetion station Thè waste is anaerobicallystabi-
lized and common!y reused as fertilizer in the rural
areas near the city or iown. These systems however are
losing thear popolarit5’ because of the public health
risks to the nightsoil collectors, and the growmg
avaalabality of industrialferti!izers (easier to handle by
the farmers, and having highernotrientcontent).

It may be clea that high-mate anaerobic treatment
needsliquid waste(seiwage)and that it cantherefore
not be apphed on dry sanitationsystems

b. Wet systems
The introduction of a piped water supply has created
a waste water prob!em The provision of water throogh
standposts or mdaviduâl house connections resulted in
rapid increase of was te water production. Hooseholds
enjoyang the convem~nce of a piped water sopply
therefore need an appropriatesanitationsystemto deal
with the increased wasie water flowsansmg from the
use ofpour-ftush orcistern-flush toilets. On-sate leach-
mg pits (soakaways),ieacbmg trenches, om off-sste
waterbomesewerageare suitable for the disposalof
liqoid wastefiows.

The useof on-sitefacilitieswith local percolation
mio the soa! is beingprogressivelyreducedin urban
areasbecauseof the potentsalpublic healthimpacton
groundwaterqoality. Evenin manyorbanresadential
areaswith apipedsupply, the oftencheapershallow
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Figure 2.1 Percentage ol urban popotnhon connect&l to sewerage (WHO, 1987, and owri data)
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groundwateris usedfor householdpurposes.Organic
and bacterialpoltution of this resourceby on-site
sanitationcanto someextentbepreventedby keeping
sufficient distance betweenshallow welts and the
sanitation facslity. This may prove- too dafficolt in
densely populated urban areas. In addstaon, the sullage
can usually not he percolated, and is drained over the
surfaceto a receiving surfacewater. Sewerageand
possibly off-site treatment arethen to be considered
the only techniealty feasable altematave to cope with
increasedstresson the groundwater

Stodgefrom the pit (septic tank, leachingpit) is
collected by individuals with a small cart, om with
vacuumtrucks

2.2.2 Waterbornesewerage
The traditionalapproachto urbansanitationbasbeen
basedonexperiencesin sndustrialisectcountraeswheme
the highest level of service (and convenaence)bas
beenapplied,namelyconventsonatseweragefollowed
by primary, secondaryandoccasionallytertiaryireat-
ment Thesesystemsrely om retatavelyhigh water
consumptiomlevels(> 100 L/cap.d) in orderto carry
pollutantsandsettleablematterthmoughthesewerage.
Ilowever, therearesevemalreasonswhy suchwater-
homesystemsaresnappropmiatefor manylow-income
urbancommunitiesin devetopingcountries.
— Conventionalseweragefolbowedby treatmentbefore
ûnat discharge was in many typical cases found to be
the most expensave of all sanitatiori altemataves in
termsof capitalinvestmentcost,exceptfor veryhigh
populationdensities(Table2 1). Considerataonof the
operation and maintenaneecost would however
sometimesleadto a differentconclusion
— Proper performance of conventsonal sewerage can
only beensumedif sufficiemtwater is supplied(Caim-
cross and Feachem,1983). At presentthis would
pertain only to 35% of the urban populatsonin the
world.
— In unplannedurban mesidentaalareas wath high
populationdensities,layingof sewersmayrequirethe
demolishing of a subsiantialnumbem of houseser
squatterareas,whsch often will be potitically and
socially unaccepiable.
— Sewemageis acomplicatedtypeof urbaninfrastruc-
ture, necessitating institutional. organisational and/or
technicalcapabilitiesthat areoften lacking

Recognizing the above lamitations, conventional
sewerage-basedsanitation is in many casesnot the
most feasiblesolution responsiveto the needsof a
mapidly growing urban population iii a developing
country,exceptfor speeific,welI-omganisedandfairty
rich urbancommunities.It is thereforenot surprssing

Tabte 2.1 Indicative unit construction costa in US$/cap
(WHO, 1987)

Reglon Sewer
systems

t
Othersanitation
options

Afnca 150 116
Amencas ¶50 80
SouthEastAsia - 80.5 20
EastemnMediterranean 480 345
Western Pacific 444 73
LDCs2 150 120

exduded waste water treairnent
Leasi Deveioped cca~naniea

to see thatmdeveloping countries the umban covemage
by sewerage is still low, with fsgumes between 10 and
20% remaaning constant over the last decade (Table
2 2) In spite of the increasing demand for adequate
sewerage systems (as a result of incmeasing water
consumption levels and higher population densities)
linie has been achieved as yet. It can be expected that
in the future, sewerage systems, sometames in an
adapted om simplifsed form, will be selectively animo-

duced in the fmancialby stronger areas.

Table 2.2 Coverage (%) by conventional sewerage (WHO, 1987)

Region 1970 1980 1985

Afnca 8 11 12
Souih East Asiat 33 30 41
LatinAmertca 36 42 41
WesternPacific 27 17 12
Europe 81 - 84

- Toiai urtan saniiaiicn c~veraQe

The figumesshowthat seweragecoveragebasnever-
theless kept pace with the fast gmowth of umbanpopu-
tation. Figumes must, }iowever, be consademed with
cautson- storm water drainage systems with under-
ground conduits are sornetirnes also definedas sans-
tary sewersystems.Figure 2 1 provides a spatiab
ovemview of the relative contribuison of sewemage to
urban sanstation in countraes around the world

Watembome sewerage wsth mdividual house connec-
tions is obvsously not Veasibte in low-mcome urban
areas,althoughpopulationdensitiesareoftenexces-
sively high Often sharedom public on-satefacilaties
canbeanstaltedat lowef percapitacost.In spiteof the
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2.4 Site conditlons

2.4.1 General overview
Specaficsitecoaiditiomsdetermanethetecbnicalfeass-
bitity of on-site, off-site om intermediate-scale sanita-
tion schemes(Table2.4).

2.4.2 Physicalenvironment
Climatie eonditionssuchas thefrequencyandinten-
sity of rainfall detemminethemequarementsfor drain-
ageand/om sewagecollection.Generally,the rainfall
pattemin tropical countraes(high maanfali intensities)
economacallyfavoursepaatesystemsfor stormwater
and sewage dasposal Rood control is important in
thoseaeaswhereon-sitesanitationsystemsmaybe
subjectto flooding therebycreatingpotentialpublic
healthhazads.

-— The averagetémperatureof sewageandats fluc-
(Section2.4) tuations influen5ebiological degradationprocesses

and destructionof pathogens.Especaallyanaerobic
degradationprocessesare favoured by incmeased
temperatures.Anaerobactreatmentof sewagewill
definately not be feasablebelow 12 °C,and sewage
tempematureshould pmeferabtybe above20 °C This
explainsthegeographicaldastributaomof potentialof
anaerobicwastetreatmentas indicatedin Figure 1 4.

Data on topographydeterminewhethergravaty
solutaonsfor collectionsystemscanbeapplaedIn flat
areasextraexcavétaonandpumpingmaybemequired.
therebyconsademablyaddingto thecapital as well as
runningcost of off-satesanitationsystems.

Soilstability affectstheconstmoctaonandsiteprepa-
mation womksfor oji-site aswell asfor off-sitesystems
Additionabsuppomistructuresmaybeneededto reduce
the risksof collap~ingunstablesoalformations,while
excavationmay om the other hand be prohabitively
cumbersomein areaswath rock formationsneamthe
sumface

Soli permeabilityanfluencestheliquid percolation
into leachingpits or trenchesandaffectsthe mun-off
coefficaentfor std,-mwater In caseof poot soil per-
meability (lessthan 10 L/m2d) excessivepercolataon
areasmayberequtmed,while pereotationmatesof over
50 L/m2.dfor sewageand100L/m.d for sullageresult
easily in groundwaterpollutaonpmoblems.

Ground water tables close to the surface will
reducethe percotataonpossibilities for on-site sys-
tems For sewerag~the high watersnfiltrataon(bak-
age) male per meter of sewerlength may mesult in
cortsidemabledalution of thewaste water. This is pa-
ticutarly disadvantageousfor anaerobictreatment
processesas they performbest for medium to high
strengthwaste. -

Dependangon thesituationmore aspectsmayneed

small per capitawaterconsumptaonratesfairly lage
quantitiesof waste waterareproducedat thesefacila-
ties. partacularly when tbey are combined with a
publac water supply tap. Coariectionof thesepomt
sourcesof wastewaterto somekind of off-satesewer-
agesystemmay be worthconsademangas themequared
sewemlengthpercapitacan beiathersmallcompaed
to the satuationwith andividualconnections

2.3 Determlnantsof sanitationprogrammes

The factomsthat determinethe selection of the most
feasiblesanatationprogrammefor a particularsetof
conditionswithin definedobjectivesaresummarazed
in Tahie23.

table 2.3 Determinants of sanitabon programrnes.

Site conditions - physicat environmant
- urbanisation pattern
- exlsting service levets

Environmentat feasibitity (Sect!on2.5)
Institutionat aspects (Section26)
Community Involvement (Section2.6)
Soclo-cutturataspects (Section2.6)
Economie and financial aspecis (Section27)
Technologicalfactors - removal efficiency

- efficacy/process stability
- operationali equirements

The technologicalfactorsaretreatment-andnot pro-
gramnme-specific,andwill be discussedin theChap-
ter-s 3, 4 and5, when compaing the aerobacand
anaerobictreatmentiechnotogies.

Tabte 2.4 51e conditions of importance

Physicalenvironment - climate,
- topography,soil stability;
- percotation capaeity,
- hydrogeotogy/ ftooding,

Urbanisation patiern - present and prolected population,
- present and prolected populataon
densities,

- degree of urhan planning,
Existing service levels- service levefs for water supply,

saniiation, and other intrastruclure
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to betakenmtoconsiderationsuchaasoaicomposataon
(influencingfor exaniplepatbogendassipationin the
ground) and potential risks for earthquakeswhich
both affectconstructionanddesign.

2.4.3 Urbanisatlonpattern
The majomity of the urban bow to medtum ancome
population lives in townships,wbaach rangefrom
unptanned hsgh densatysquatterareas,whachusually
tacktheprovision of basacpublic services,to planned
housangareaswhemepublic servscesaremore easaly
madeavaalable.The prevailing umbanasationpattemn
andtypeof housanglargetydetermanethe avaalabality
of spacefor on-satesanatation/percolataonsystemsand
the aceesspossibilities for vacuumtrucksto desludge
pils, tanksom vaults.

Asdascussedin Chapter1. trendsin demogmaphyin
developingcountmiesmdicate that especiallyurban
popubationgrowsmapidly in saze.As aconsequenceof
incmeasedpoputationdensaties,theeasyavaalabilityof
landfor om-sitesanitationsystemsgetsreduced,while
the land costs rapidly increase.Moreover, on-site
disposalof incmeasingamountsof humanwastesmay
result in overstressingthe environmentalpollutiom
camryangcapacatywith consequentpublic healthand
environmentalhazards.

In general,economaesof scalecan be mealazedin
termsof land requimementspercapata(m2/cap)when
shared,eommunalom public sanitationsystemscan
be used.Sharedandcommunalarmangementsallow
imdivadual in-housetoilet facilities, but convey the
toilet wasteto a shamed(by a few households)or a
communat (for 10 to 110 households) on-sate treat-
ment facilaty. Public facalities combine toilets and
treatmeniin onesmallbuildang.servangasmallneigh-
bourhood Thesefacatitsescan opematewith on-site
emuentpercolation,but the lageromiescan begradu-
ally upgradedwith a tmansportaiaomisystem for the
liquid supemnatantto an off-site dischamgeom treat-
ment.In thelattercasetheycantreatriot only blackbut
also grey wastewater

It is not easyto defaneat whichpopulationdensity
on-sitesanitationsystemsbecomelessfeassble,but at
cmi be statedthat wastepercolationinto the ground
will rendemon theonehandany local shallowground
water umfit for humanconsumptaori(unlessboaled)

To illusirate this base polnl, reterence is aade to, tor exampie. the recent
irxionesian tive-yearuitan iafrasiruclureplan )REPELITA V, 1980-1994) which
siates ihai ‘areasWW, pepulahon densihes botween 150 and 250 cap/ha need
spSal cern in deoding which on-aiie dispoaat sysiem is to be ased Projeci areas
wil, over 250 cap/ha shailhoctassdled as densety poputated and shail not usa on-
sde exoeta deposal laoliveC IIUIOP, 1988) Wheiher his siandard approach is
tinwioalty taasibla renains a matter ot disciassion, however

when densatyexceeds150-200cap/ha,whalst un the
otherhandin moretfensel~populatedquatersmdi-
vaduaton-site facihties may becomeless feasibbe
comparedto off-sitealtematavesbecauseof landusei

Both fromatechnicalandafinancialpointof view,
on-sitesanitataonsystemscharacterizedby somebut
limited sewerconstmuètionandvemy simplemeansof
disposalofpathogencontammatedwater,canbeexpected
to bedominantfor mahydecadesto come This would
not only holdfor low jiopulation densityareasbui also
for highdensityaeasastow waterconsumptionlevels
in manyresidentialaëasdo not yetallow for conven-
tional sewemage.

2.4.4 Existingservicelevebs
Theexastmgserviceinvels for smfrastructuralfacilaties
provaded to residentfal areas refer to storm water
drainage,accessroads,power and watersuppty and
human wasteandrefusemanagement.

Existing storm watem fâcilities affect design and
possableapplteationof seweragesystemsDraansmay
conveysullageat thesumface,ii is commonengineer-
sng practacenot to aflow anyblack wastewater om
effluentin theopensumfacedrains,but in many(devel-
opangand industrialssed)countriesin reality many
septictanksandleachingfacilities daschargeillegally
their supematantmtd drains. Roadsand footpaths
determanethe accessto on-satefacalatiesfor desludg-
ing as well as mun-off coefficaentsfor storm water

Table 2.5 Dailywaterconsumptionper capita as function of service
level (IRC, 1986)

Type of Water Supply Water Consumptlon

Average Range

:
(L/cap day) (Llcap.day)

Communat water point
(e g well or standpost)
- atconslderabledistance 7 5-10

(>1000 m)
- atmediumdistance 12 10-15

(500-bOOm)
Village well 20 15-25

walking distance <250 m
Communalstandpipe 30 20-40

walking distance <250 m
Vard connechon 40 20-80

(tap placed in house yard)
House connection
- single tap 50 30-60
- multipletap 150 70-250
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Flgure2.2 Waste water production as tunchon ofwater consuniphonlevels (Data obtalnedfronj’ Feachem,
1983. Van der Graaf etal, 1986. de Krui)ft and Macoun. 1988, RIVM eta/, )988)
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Flgure 2.3 Effect ot water supply service level on sanitation selecton (adapted from Veenstra. 1988)
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Ftgure 2.4 Matnx ot sanitahon technologies In funchon of water supply service level and population density
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drainage. Well omganssed solad waste colbectaon as a

prerequisate for successful off-sate sanitation as at must
preventcloggingom bloctcageof drainsandsewemsby
garbageuncarefullydasposedof by thelocalcommu-
nity.

The watersupply servicelevel dimectly affectsthe
feasibility of sanitattonsystemsWith amcmeasedwater
supply servicelevel the domestacwatemconsumption
incmeases.asas illustrated in Table2.5.

Commonly, existing sanitation facalatiesare up-
graded by the people themselves to poum-flush om
cistem-flushtoalets to anemeaseprivateconvenience.
This results in the ancrease of toilet waste water
production from about 2 up to 40 L/capd

Theupgmadangto wet sanitatiomsystemsleadsto a
needfor waterfor flushing the wastes.In additionto
the incmeased toilet waste water, the sullage water
productionmay be even mome affectedby the in-
creasedwaterconsumptionratesasandicatedin Fig-
ure 2 2.

With increasing water consumption it becomes
more difficult to dasposeof the hagherwastewater
fiows on-site.Thereforerntemmediate-scaleom off-site
sanatationmaybecoinemorefeasableFigure 2.3 may
be mndicativeof alandscapeof sanalationaltemnatives
as a functionof watersupply level

Integmatingthe effectsof popu!ataondensity and
water supply service level results in a landscape ma-
trix indacating the potentials for om-site,antemmedaate-
scale and off-site systems (Figure 2 4).

2.5 Environmental feasibility

Water resources must be protected agaanst pollution om
contamination,especiallywhen they are expectedto
meceavethewastewaterfrom largedenselypoputated
areas. in order to safeguard public andemvimonmental
health. Also other water uses. for example irmigation,
need consaderataonand may influence the sanatation
strategy.

2.5.1 Surtacewater protection
As for surfacewater, mostcountries haveestablashed
waste water dsscharge standards inspired by European
and American experience, yet in most developing
countriesthey arenot (fully) enforcedgiventheconsi-
derable technological.institutiomal and financial ef-
fonsampiied Despitethis apparentlackofhardguade-
lines, themeis lattbe doubtthatoneshould takealong-
temm perspectave,antacipatingincreasingconcemfor
waterquality management.

Typtcal effluent dischargestandardsto be metby
Dutch waste water treatment plants areBOD <20mg!
L and TSS <20 mgJL Depending on the meceavmg

surfacewateis,more stringentquaiity cnteriacan be
setwatb respectto BOD,TSS andnutmients 1f public
healthconsiderationsare to be aneompomatedin the
quality cntemia, the Europeanguideline for recrea-
tional watemscan be indacative. In Chapter5 more
detaaleddascussionswill focusomquality criteriato be
metm developingcountmies

National govemnriaentswilt generatlytend to set
dischargestandardson the safe (strangent)side, as
long asthesestandardsarenotofficially agmeedupon,
or enforced,it is unlakely that local govemmentom
megionalauthomitaes~‘itl be readyto mvestheavatyin
wastewatertreatmentto achievesome“mtermedaate”
degmee of pumificataon They will eithem postpone dcci-
saons, om prefer pmoven approaches Innovatave treat-
ment technology should thereforebe able to futly
meplaceproven optioms, om fomm part of~anhybmid
solution whose effic4cy cannot be doubted

The pumification (memoval) effacaency of aerobic and
anaerobicreactorsmthecontextof this studycanbe
describedby followirig waterquality parameters
— Oxygen consumirfg substances: usually expressed

as BOD(5 day, 20 °C), COD,and NOD, this class of
compounds is ofpmimary concem as they affect stmongly
the vulnerable oxygen balance of meceaving water
bodies,
— Suspended solads, expressed as Total Suspemded
Soltds (TSS om55), aiadSettleable Solads, these solids
incmease water turbidity, and may settle out in the
receivingwatem,
— Nutraents,t e Nand Pcontaining compounds, both
maycreateproblemsif dischargedantoslowly flowing
water(eutrophication),but on theotherhandthey axe
valuable componemts in re-use schemes. Ncontaining
compounds,if in meducedfomm (Kjêldahl-nitmogenom
amniomaa).will beslowly oxidazedby nitmifying bac-
tenam sumfacewaterexemtingahigh oxygendemand
(NOD):
— Pathogenscmiberoughlydivided in viruses,ban-
teraa, pmotozoae (especially in the fomm of persastent
cysts) and helminths (ôf which the ova are of partacular

concem).Thesecategoriesdo havetheim own specific
memoval mechanisms in treatment plants.

Tahie 2 6 lists a selection of Asian. Afracan and
South Amemacaneffluent standards They come close
to what as practised in tndustmaalasedcountraes and are
usually basedon the sameconsiderations,thosestan-
dardsaretherefomefaarlyrepresentativefor mostcoun-
tries in the world.

The abovestandardsspecafy the quality in terms of
oxygen consuming substances In general, typically

three dascharge standard classes with incmeasang efflu-
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Tahie 2.6 Etfluent standards in 5 representasve developing countries tndicated are rnaxlniurii allowable vatues

Country BOD
(mg/L)

NH4’÷NH3
(mg/L)

TSS
(mg/L)

pH
-

Temp -

(°C)

India’ 30 - 100 55-90 -

Tanzania
2 30 10 no sludge

formation
6.5-8.5 -

Brazit3 60. or
80%removat

- settt sol.
�l mL’L -

5-9 40

Thailand4 20~ Nkj s 40 30 5-9 40

Phillppinest

Ctass AA
ClassD

30
50

-

-

50
75

6-8.5
6-8.5

40
40

‘! !~‘ ~ a.

4 - - -.

For domestic and moat induatr,ai wasie waaei - —

2 Minlairy of Heaiiii. Aprli 1977
siaie of sao Peuio May 31, 1976
Drafied siandards by Naaonai Environmeriiai Soard, Nij siands for Kleidahl-nhtr000n, covering aiso amrnonlacai N
19e2. ciasa AA receMng waier iniended for waaer aaipply waS rn’nimai areainieni, clans o receiving water auiiabie ior irrigaiion and irrduai,Ial purposes
Dependa 0fl SLZO ot potiutirrg unii

entquality areused,theaveragecostinvolvedto meet
thesestandardsis for each ancreasedquality class
muchhigher:
(t) BOD�SOmg/L,
(ii) BODc2OmgfL;
(iii) BOD� 20 mg/L, and> 75% nitrification.
In addition,afounthquality objectaveas to restrictthe
dischargeof nutrientsto preventeutrophacataonof the
meceivingwaterbody, by elammatangnitrogen,phos-
phomus.om both This “temtaary” treatmentas veny sag-
nifacantlyaddangto the treatmentcost
(iv) BOD~ 20mg/L>75%matrtfication,andremovat
of NO1 by biological dematrificataon,andPremovalto
typically 0 5 mgPfL.

2.5.2 Ground water protection
On-sitesanatationmay createcorasademablepoltutaon
of shallowground water Pemcolataonsystemsdo not
ensume pathogen removal, as mrcro-organasms cmi
travel vemtically 10 to 30 m antothe gmound,especaally
in areaswith high soil penmeability.Oncemeachingthe
groundwatertable,dastributionof pathogensin homa-
zontal(00w) darectaoncmi beconsaderableShallow
waterwelis are to becarefullypositionedat suffacient
distancefrom the percolataonpoint to protectthe well
water.This cannotberealazedanylongerat population
densitiesabove150-200cap/ha.Slaallowwell waterm
densily populatedquamterscan alsobecomecontama-
nated becauseof madequatewell pmotection at the
surface, the use of contaminated buckets, and the
infiltrataon of uncontmolledrun-off fiows It must be
emphasazedoncemorethatany sertoushealthampact

canonly bemealizedwhensafewatersupply,adequate
wastedisposalandageneralpublic awarenessof the
relatedhealtheffectsareensured

A secondgroundwaterpollutiontypeprovokedby
black waste watem percotataon concems natrate accu-
mulation Nitmâte level m drinking watemshould not
exceed50mg NO3JL(WHO, 1984),but m congested
areasat easalyexceedsthis threshold,as meportedin
severalcases.

Poor operataonalcontrol of pats om septic tank
systemsfrequentlyieadsto immegulardesludgingserv-
aces.As a result, soakawaysand leachangpits get
cloggedandpatsandtanksoverfiowmtonearbydraans.
This leads to pathogensbeangconveyedwath the
drainagewateras theirconcentrataonbashardly been
reducedin septictanksom leachingpits Although the
epidemaologacal imjilacation as stalt unclear,opendraans
with contamanated water do not necessaraly represent
adirecthealahhazamdprovadedtheyarewell “protected,”
i.e not accessable,andlaned. Commonengineering
practicehowevem,aamsat full sewemage.

2.5.3 Other envlronmental concerns
Secondary issues Haat may occasionatly lamat the
applacabalityof sanatataonsystemsareodoumnuisance,
noisehindrance,in~ectbreedmg,safetymisks,aemosol
formataon,andlandscapespoiling.
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2.6 Institutional development, community
Invoivement and soclo-cultural aspects

2.6.1 Institutlonal development
In orderto besuccessful,waterandsartitataonprojects
require mi anstitutional framewomkthat altocatesau-
thonity and responsibalatyfor planning, marketing
(consumerrelations).design,construction,operation
andmaintenanee,andmonitoring for theschemesA
poon om ancompleteimstitutional frarnewomkpmevents
satisfactoryperformanceof anysanatationtechnology
evenwhen they are, technically speaking,properly
designedandconstructed.Toooftennoadequatedivasaon
andallocationof responsibilitiesat community, mu-
nicipal om centralgovemmentlevel is providedmesult-
ing in malfunctioningandrapid detemaorataonof the
systems

In general,the anstitutionalrequirementsincrease
with the sizeandcomplexity of theprogmammesbut
not necessamalywath theunit scaleof theappliedsana-
tation technologies.

Off-site om intermediate-scale pmogrammes in-
volve considerable public investment and operation
andmaintenance(0 & M) expendatures.Theytendto
bedemandingin theirtechnicalas well asthearmana-
gemial andmamketingicomponentsThey also requime
thecommitmentof differentIevels of thegovemment
andpertainto differentsub-sectorsthatneedto coop-
emate. Different aspectswilt be discussedin more
detail in Chaprer5whendealingwath theperformance
of anaerobicreactors

Although the largempanof the investmentis off-
site,considerableworkneedsto bedoneat thehouse-
hold level(houseconnection,grit andfat trap,etc.).As
a consequence.off-site programmesare also very
sensitiveto the commitmentof the communitiesthat
areaskedto connectto the network

2.6.2 Community lnvoivement
Theonly guaranteethatamplementedsanitataonmeas-
umeswill be successfulandleadto amprovedpublic
health,is that thestamuluscomesfrom thepopulation
itself, andthat thepopulationas well awareof theneed
of the measures.

On-sitesanitationschemesandfacilities maybe
completelyor partly managedandfinancedby the
usersthemselves.The role of the govemmentauthoma-
tiesaswell asthatof non-govemnmeritalomgamasataons
maybe important nomethelessto prumotesanatation,

Maiketingsovera tora large part the relahonship beiween the proteci and la
benet,oarres ltlmphes/ a the aelling’ ofthe prolect to the rzmmuniiy, bul equaJty
the ad$istment 01 the prn~ecito as wishes and achnowledged needa

for examplethroughpublicinformationcampaigns,to
assisttechnacally(desludgingservices), to fanance
local communataesthat agreeto participatein pro-
grammes, and in getaeral to orient initiatives and
monitor progmess.Efféctavecomnmtinicationbetween
thecommumityanditsspokesmenat oneside,thelocal
official mepresentativS,andthedifferentauthorinesat
theotherside,isapremequisite.Forensuringtong-term
satisfactoryperformanceof sanatationinvestments,
community anvolvementcantake vanousforms,e.g.
the consultationwitla govemmentdunngthe adentafa-
cationandplanningphase,the setting-upof a local
structume(agmeement,anstatution)that will take me-
sponsabilityfor thetechnicaland/omfinancialmanage-
montof theprojectoncefanashed,andtheprovisionof
labour(self-help)duming construction,openationand
maantenancewhachhelpsto Iowem financaal invest-
ment cost

An mcreaseddegr~eof sharing(more thana few
householdsparticipating in theownemshipof a facil-
ity) meansa lower degreeof andividualcommatment
from anowner, thatcanhoweverbecompensatedby
ahigherlevel of local instatutaonalisation.Such ansti-
tutionalasattonas more efficaent becauseof a scale
effectandbecauseat allows for somespecialisation.
Solid waste collection providesa good analogy~as
longaseachindividualhouseholdis responsiblefor ats
owngarbagetransportanddasposal,thegarbagetends
to becomedumpedin the drain neerthe house, af
howevem,the communitybasbeenmadeawareof the
amportanceof appropraategarbagememoval,it maybe
walling to contmabutefinancaallyandin kind to ajoint
effomt (assastedby go~emment)to keeptheenvaron-
ment clean This is of melevanceto sludge memoval
fromon-sitesanitataonfacalataesanditsdasposal,whach
areclassicweakspots]nthoseprogmammes1fon-site ,7
facilataes are shared, thear owners may appoint (and
pay some money to) a caretakem. Such appoantees are
easier to supemvise and tram by local govemment, and
can be bettem held accountable.

A cratical step in the project cycle (and depending
on the socao-cultumal backgmound of the community at
may be the cmucial one) as creating a high degree of
awarenesswathinthecommunatyoftheadvantagesof
the sanatataonprogmamme;this must lead to accep-
tanceof the adeaand commatmentof the group to
support the anfrastmucture. Commatmentinvolves the
wallmgness to pay and to contrabute in kand to the
constmctaon and mamtenance of the facalities. Com-

mttment also maisesthe senseof ownershipandme-
sponsibility of thecommunity.This commitmentcan
be notably fostered thmough preliminary intensive
informationandmarketingcampaigns,and involve-
ment of the communatyin the processof planning.
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selectionof eertaindesigncntemiaandthe organisa-
tion of themstatutionalset-upthatwill managetheon-
site faacilitaes. Such a process may take a long time
before the actual work can begin In this process
medaatorsomfacditatangthardpersons,who areknow-
ledgeableandametrustedby thecommunaty,areanstmu-
mental in enhancingcomanunacataon.

A major task of the mstatutaonis to cotlectand
manage the fmancial eontributions (fees) and charges
In the casaof off-site sanitation the mvestrnentis
primarily camed out by the govea-nmnentauthonty;
charge collectaon is often taken care of by the sanae or
a related authonty (e.g the water supply company).

Connectaonfeesareto be paadperhouseconnec-
non.A comrnonproblemas that in spite of theexas-
tenceof asewempeoplerefuseto connecttlaeamhouses
becauseof the fanancaalconseqt;encesanvolved.Bet-
ter practacemay then beto collect financaal contmabu-
tions through the water bill via the water supply
company.

The anvcstments at the on-sate level cmi be the
responsabilityof eatlaemthe autliomaty om the comnmu-
naty; in both casesan appropnatechargecollection
anstatutaonneedsto beinstalled In the caseof on-sate
sanatation,investmentis pnimarily the (fanancaal)me-
sponsibilatyof the houseowner om the community.
This leadsto adaffementmstatutionalframewomkasas
illustratedby Orth (1988)in Figure 2.5 1fthecommu-
naty has taken the inataatave,mi institutional set-up
needsto bedevelopedcapableof collectangthecontra-
buttonsandmanagangthe fundsin a soundmannem

Table2 7 givesabriefoverviewof thepossibalataes
for community involvement.

PUBLIC SECTOR

centrai government C
Municipaiiry

Activity Project scale

On-site Intermediate Off-site

Cneating awareness
Creatingcommitmènt

nep, med nep, med
nep, med nep, med

nep, med
nep, med

Planning consultation
Providing labour

comm, nep comm, nep comm, nep

- fonconstruction mmm mmm (comm)’
- for 0 & M mmm mmm (mmm)’
Management
- technical app app -

- financiat rep nep nep

2.6.3 Socio-cultural factors
All studies addre~sing sanatation in developang coun-
tries affirm the impomtanceof social and cultumal
factorsas“puIl factoms.”The operataonalmecommen-
dataongenerallymadeas to ancreasethe community’s
motivataon and c6mmitment, and to better tailor the
programmeto atsacknowledgedpreferencesby let-
tang at partacipate to theplanning,selectionandpossi-
bly managementstages.

Specaficassuesto lie takeninto accountare:
— local customsanhouseholdaffaimsandsocaalstate-
ture; melagtousconsaderataons;
— thegeneralpreferencefor pnavate,an-housetoilet
facalataes, rençleruig public toalets for a small neagh-
boumhood often inappropraate because unsustainable
in opemation, 1
— pmefemencefom convenaence,pravacy,locationand
aesthetacfeaturessuchas coloums, smells, materials
usedanddesignaspeets,
— amportanceof local autonomyandconfadencein
potatacaland techmucalauthorities,
— experience with and willangnessto undertakesuch
anataatavejoantly, and in cooperattonwath local om
central government,
— preferencefom the type of analcleansingmaterial.

It as not easyto ensurethat the potential usems are
satasfiedwitla the phystcalform in whachthe on-site
sanitationsystemsçome.When sharedom public fa-
cilatiesareconsademed,decasionmakinginvotvesmany,
and carraes the nsi’. of fundamentaldisagreements
with regardto fmanèialimplicataons(notablyaflinked

Table 2.7 ldentftcaton of lomis of connunity tnvolveanenL The
Table neckons with 4 gnbties. the conmunity at lange (comm), tia nepre-
sentative (rep), a niedaaton (ned) and al appointed canetaken (app)

Ï

Aa far as inirasaruciura is proitded al houaehoid acaie

Maaimum
Sewerage

70%
Snioii Bom
Sewerage

60% Minimum
5ewerage

26% Sepiic
Tank

3% 2%

309’. —

40%

72%

PRIVATE SECTOR

Flgure2.5 Distnibubon of capital fundtng between the public and
pnvate sector for four sanitabon opbons for ti That oase (Onth, 1988).
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or not linked to ancomecategories)
Also afoff-sitetechnologywathsewerageis consid-

ened,theantendedbenefaciartesmustbefirst commit-
tedto conneetangto thesystem,aswell asto properuse
andpayangtheir fees.

2.7 Financial and economlc aspects

2.7.1 Overview
The fimancial and economieaspeets of sanatation
projects are samalanto thoseof other anfmasta-ucture
projects,but are often more dafficaalt to adequately
quantify Consequently,financialandeconomieanaly-
sishasbeenlesspowerful in determinangthevaabalaty
andpriomatyof suchprojeets This is important,asthe
nole of suchanalysisis to provadea dearcontextan
whiehdecisionscmi bemadeIn orderto manamazethis
pnoblem.at is essentialthattheproponentsof aproject
haveacleanunderstandingof the potentialanduseof
finanetalandeconomieanalysis.This as especiallythe
casewhen“new” teelmologaes,for exampleanaerobie
treatment.are beingadvocated.

There as a dear distimctaon betweenthe roles of
economieandfinancial analysasEconomieanalysis
1ooksat theproposedprojectfrom thepoint ofview of
the economyom soetetyas a whole, whale financial
analysisexaminestheproposedprojectfrom theview-
potntof oneof theorganisations/aetorsin theproject,
usually only the amplementingomganasataon

Finaneialaspectsof sanitataonprojeetsareopera-
tionally moreimportant.Theactualamountsof money
expendituresandrevenuesareusuallydeterminantsof
the sustainabilaty and aeeeptability of aproject.Capi-
tal expenditures,unlesssubsadized,becomedebtsemv-
ide expenditures,dependenaon financangterms and
eonditaonsOperattonsandmaintenanee(0 & M) ex-
penditumesaredependenton the efficieneyof 0 & M
systemsandon inflation Revenuesdependon tanffs
that areafTordableandaeeeptable,and on the ways
tariff collection andanflataonnatesare adjusted

2.7.2 Flnanclal analysis
The financial analysasof a projectrequiresthe detem-
manataonof aetualmoneyexpenditutesandrevenues,
financingai-rangements,andprices/taraffsoven time
Theseexpendaturesandrevenuesaresetoutovertime
in a cashflowfonmat.

Using Cost Benefit Analysis (CBA) technaques
this format allowsthedetermanationof project“prof-
itabilaty” andthefanancial”retumn”oiatheprojectThis
pnocessas usefulfor sevemalreasons.Theseare:
— A comparasonbetweenprojeetsin the samesector
(for example.dafferenttypesof sanatationprojeets)is
possible.and this comparisoncan be extendedto

compare among diffefcnt seetoms (water supply versus
sanitationprojeetsfor example) It shouldbe noted
that fmaneaalanalysaidoes not comparethe relative
benefits of the two pmojeetsto the society, but will
often explain the attatudes of the implementing agency.
For example, a munacipality which kas ats capatal costs
for water supply subsidized,but does not have a
subsidyfor capitalcostsof sanitataon,as umlakely to
prefer thelattermvestmenL
— Times of eritical ëashflow (when mevenuesand
expendatumesaresimalar)cmi be adentafiedandprovr-
sion madefor suchrisks.
— Thetargetsfor suchthangsasexpendatureonwages,
numbemof users,leve[s of tanaff,ete..aremadeexplicit
andcan be usedto (i) examinethe adequacyof the
institutional struetumeswhich must achieve these
targets,andto (ii) m6nitor theperformanceof these
structumes. The targeC levels and timing of expendi-
tunes and mevenue enhancement measures (hagher taxes
and/orfees) dependalso on politacal andsocial ac-
ceptabalaty,andthis can bebettergaaagedwhen more
concreteestamatesoftargetsareavaalable.

Whemerevenuesare uncertainom wheme certaan
levelsof outputsmustbeattained,CostEffectiveness
Analysis (CIA) can be employed with the same
benefitsasoutlanedabovefor CBA.Theeffectiveness
of a project canbemeasuredby companangthecostof
vanousprojects whiéh will achieve a given set of
quantifiableoutputs— not necessamalyrevenue.CEA
estabIashesthe leidi eostly method of achieving a
given projectoutcomê.
Financial CEA as usedin this report to measure sana-
tation affordabilit~ foi households.

2.7.3 Economlc analysis
Economieanalysistmiès to examinethetotal costaand
totalbenefits to socie(yovertime. Whilecostsusually
can be adentifiedandquamtified,benefatsin termsof
public health impmovememton pollutaon control are
often less dear. One way out is to intmoduce“social
costang” in whLch socaal benefits are quantified iii

economie temms Whenthe total costa and total bene-
fats can be estamated iii moaieytermsovertime, aCost
BenefatAnalysis (CBA) can be undertaken

Whenbenefits are Iess certain, Cost Effectaveness
Analysas(CEA) as used.This techniqueis particularly
usefulin comparangthevaraoussanatationtechnaques,
andamodafaedversio5of this technk~uehasbeenused
in this report The techiaaquesusedaretheTotalAnnual
Cost per Household (TACH), and the capital cost per
personequivalent(cap).Thesetechnaquesdetermine
theleastcostsanatata6noptionsin termsof annuitized
costandpresentvalue~nespeetively(SeeAppenda.a2).
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Moneyvaluesofeosts andbenefitsarenot necessar-
ily the best indacatomof thereal costa and benefits to
society. In ordem to ovemcome this problem, these
money values aremodafiedto mefleet actual costs and
henefitsto thesociety,andthemodaficationis achieved
usanga teehmqueknown as “shadowpricing.” Thas
techniquewdl bedascussedandapplaedin Chapa’er4.

2.8 A prelimlnary ‘landscape matrix” with
strategies and determinants

The dafferent options in sanitataon programmes suited
for dafferentsatuationscreatealandseapewathnaches
in which specafiedsamtationsytemsseemto be most
feasible. With the key determinants as cratemaa the
feasibalatyof sanitationoptaonscmi be assessedby
Tahie2.8 wlaeme typical featumes are mdacated assum-
ing good design and proper care are guaranteed

Thedetenminantspertarnto
— technteal performanceand effeetivenessof the
technology,
— the economieandthefinancaalfeasabalataes,
— the instatutionalfeasibility, and
— thedegreeofcommunatyinvolvementthatis needed
on can be reachedto achaevesuccess.

In addataonthectioieewath respectto thewastewater
eollectionpartwill definewhethemthesanitationpro-
grammewall be basicallyon-siteomoff-site.

Thedeterminantsthatweredesemibedin this Chap-
ter can be appliedto assessthefeasabilityof a treat-
ment teelanologytoo.

Fmom the “technical” determanantsit appeamsthat
technologyallowsagovernmentto developstrategies
thataamat specaficobjectaves:
— controlofenvironmentalpollutionaamingatdaffer-
ent watemquality levefs (namely four — seeSectiora
251),
— improvementof public health,by keepinghuman
wastecontainingpathogensasmuchaspossableaway
from people,
— protectingom not the shallowgmoundwaterfrom
contarrunataonbypercolatangfromon-sitewastecol-
lectaonand“treatment”facalitaes,shallowgroundwater
beangamajor sourcefom consumptionwater.

In Chapter7 a more comprehensavematmax wall be
establishedm wfdch stmategaesanddeterananantsare
furthem outlmed,ajicomporatingthe eonsaderataonsof
thefollowing Chapters.

- — - - 1

Waste water

On-site lntenmedaète-scale Off-site

black grey black grey grey

Detenminant (Strategy)
. £~ ~~a1 .i’ -

— Technical
- BODremovat

(Envinonmental pollution control)
- Pathogen rem

(Public health improvement)
- Pnocess stability

Pmvideci percaiaiaon al supernaiani fred and runcarons weil, and nernaved aiudge is dlslntecaed

Legende
+÷high effidency easy, very iaw casa
+ gaod et(ldency, reiaaeeiy easy, neasanahie casa
o (air efficlency, fl01 very easy higher ramt
• paar eittiercy, reiabveiy difficuit, higher casa

Table 2.~ Conparabve analysis of san’tation prograrnnes (on-site, tnternediate-scale, off-sitaj by rnajor selection deterninanta The manke
indicate attracbon (in tennis of performance, applicability on coat) of the programma, they have onfya nelative meaning to allow conpanaon within
one now

1
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+
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— Institutional
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0

0

0
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3 Anaerobic Treatment of Domestic Waste Water

3.1 introductlon

Anaerobicdigestionprocessesoccumin manyplaces
whereorganacmateraalis available andredoxpoten-
tial as low (zerooxygen)as in stomachsof ruminants,
in marshes,sedimentsof lakesandditehes,munacapal
landftlls, om evensewems.

Foralong time theseprocesseshavebeenusedby
man for thestabalizationof wastesandfor the produc-
aion of methane,avaluable sourceof energy.Trada-
tional Chinese andIndiandigesters, septactanks(smce
1895), Imhoif tanks(smce 1905), anaemobic ponds and
sludge digestersare typacal examples.These trada-
tional systemsarem thecontextheredefinedaslow-
mate systemsbecausetheyarenot basedon an under-
standingof the undemlyangbiotechnologicalprocesses
andbecausetheyrequimelongdagestaontamesand thus
largevolumes.

Morereeentty,sancetheseventaes.attemptsto save
energy and land haveput emphasasom anaerobic
treatmentas an advaneedbiotechnology.High-mate
reaetonsapplyingfluidizedbed,anaerobiefilter and
upflow anaerobicsludgeblanket(UASB) teehnaques
haveevolvedandarein manyinstancessuceessfully
applied.Thesemeactorscmi metainhigh concentrataons
of acaivebaomass,therebyreducmgmequaredmetention
times.Theyprovademi improvedcontactbetweenthe
macro-organisms and the substmate. These reactors are
most suitable for the treatment of a mange of high
strength andustrial waste waters, especaally those which

arehaghly biodegmadablePicture1 showsananaero-
bie reactortreatingthe effluentof a starchfactory in
the Philappines.

Forseveralyearsnowresearchhasbeencarriedout
on the treatmentof domestic waste water in these
high-mate anaemobacreactor& Researchin Brazil,
Colombia,IndiaandIndonesiademonstratedthatunder
tropical condationswith sewagetemperatumesabove
20 °C,anaerobictreatmentmay be economaeaUy
feasible.In moderateelamateswathsewagetempera-
turesbelow 20 t, the feasibalityof anaemobactreat-
ment of domestac waste water as at the present state of
the teehnologyquestaonable.

3.2 Anaerobic microbiology

Anaerobactmeatmentinvolves baologicalprocesses in
whachorganiematemiadas degradedandbaogas(com-
posedof mainly methaneandcarbondaoxide)as pro-
duced. These processes takeplace m the absenee of
oxygen. Usually the paemobicpathway of degrada-
taonoforgantematteris dividedinto foursteps(Figure
31).
1 Hydrolysis
Pmotems,fatsandpolymemsareconvertedto mono-
mersby exo-enzymesof micro-omganisms.Thisstepis
in mostcases,notablywith sewageassubstmate,mate-
lamatingfor theoverallpmocessandasverysensativeto
temperature
2 Aeidifieation -

Formationof aleohols,volatile fattyaeads(VFA), and
carbondaoxide.
3. Acetogenesis -

Formataonof aceticacid, hydmogenandCO2.
4. Methanogenesis
Formattonofmethanefromcarbon dioxide andhydro-
gen,andaceticacid.

Flgure 3.1 Anaenobic degradation pathways. Percentages reten to
net substnate flow (degnadation minaas ceil fonmation) expnessed in COD
equivalents (Gujen and Zehndar, 1983)
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For anaemobicbacteriathis processas energetically
veryaneffacient.A largepartof theenemgymesidangan
the substrateas liberatedm the form of methaneand
thereforeanaerobacbacteraagrow melatively slowly
comparedto aemobacbactemaa.At the sametime this
aspectas the most amportant featumeof anaemobac
degradataonprocessesas a wastetreatmentprocess,
namely:
— the eaiergyanputof the systemis low, asno enemgy
is requimedfor oxygenataon,
— the degradationof waste anateraalleads to the
productionof a valuable sourceof enemgy,namely
methane,
— the slow growth of the bactemaamesults in a low
produetionof excesssludge,
— the slow gmowth of the bactemaaalso meansalow
nutrientrequimement.

The employmentof high-mateanaemobacreactorsme-
quaressomepmocesscontrol, since themethanogene-
sasis sensativeto thepH’ alow pil anhabatstheprocess.
1forganieloadangsuddenlyanereases,andafsuffacient
chemacalbuffercapacatywouldbelackang,theacidifi-
cataoncmi speedup andlower the pH, thus stoppang
the methanogenesas;lower fatty acadswall accumu-
late. The reactormay then becomearreversablydas-
turbedandneedsrenewedstart-up.

It as claimed by someresearchgroups that the
processstabalatycan be enhancedby separatangthe
acadificataonphase(in an “hydmolysis reactor”)from
the methanogenicphasein two separatereactoms.The
first reactorwould alsoactasbulfembasinto accomo-
datesuddenbadchanges.andasearlywarningin case
ofarnval oftoxic compoundsantheinfluent.Thechief
advantageof this processlayout would bebetterbao-
technologacalcoanroloverthe two separatestagesand
henceamorestableandreliableopemataon.

Therisk for processanstabilitydueto acadaficataon
wall bemanorin thetmeatmentofdomestacwastewater,
as at is relativelydalutedandwell buffemed

3.3 Anaeroblc reactor ts’pes

In this Sectaonanaemobactreatmentsystemsthat are
cun-entlyusedom areanvestagatedfor thetreatmentof
humanexeretaom domestacwaste watemwill bebmaefly
discussed.The UASB reactorwall be emphasazedas
this system is developedan The Nethemlandsand is
currently the most often applted.The Direetorate-
Genemal for International Cooperataon(DGIS) has
supportedseveralstudiesto anvesugatethe feasability
of its applacationon sewagein tropacalcountries

3.3.1 Low-rate appllcatlons
Well-knownlow-rateapplacationsof anaemobtcproc-
essesare.

Biogasdigesters.In partsofAsia, especially in China,
Korea, Nepal and India, small reactomsare used to
digest erop wastes,cow dung, piggeay waste, and
sometimesalsohumanwaste The maangoal of this
pmacticeis to prodtaeefertilizer Thesereactorsareonly
applaedin rumalareas,andareintegmatedin theagricul-
tural system,the materaalbeinga good fertilazerand
pathogensfreeafterdigestionfor 20-30days.

Septic tank. The septac tank as a simple device to
removealargepartofthesettleableandorganacniatter
fromtheblack(sometamesgrey)wastewaterfrom one
om sevemalhousehoids.It consastsof a closedtank in
which sedamentationtakes place Sludge degrades
anaerobacallyandthickens Usually it is appliedon
small scale, for up to 50 householdsom at public
bualdangssuch aj schcaols and hospitals. Retention
time of thelaquid is an theorderof 1 dayTheeffluent
stall contams a large partof theBOD andpathogens.
See alsoAppendii1•1

Imhoff tank The Imhoff tank is a tank horazontally
div idedinto twocompartments,andmeantfor domes-
tic sewage(pre-)tmëatmentIn theupperchamberseda—
mentationtakesplace,andtheseclameotedsolids fbow
through a slot na the bottomanto the lower compart-
ment, wheme it acdtamulates and as digested anaemobi-
ealby. Retentaon time of the laquid as in the order of a
few hours;sludgeas memovedtypacallyevemy 20-30
days. Sancesedimentationas theonly treatmentstep,
effluentquality is bow. On the otherhandlattle equip-
ment is necessary,andmaintenancemequirementsare
manamal.Imhofftankscmi beusefulfor smallcommu-
naties, where a high treatrnentefficaencyas not essen-
tiat, and where c6ntanuous supervasion is not avaib-
able

Anaerobic pomds (lagoons).These ponds are ante-
gratedin wastewater1reatmentsystems,where mi-

aemobac ponds,facultatave pondsandpossably also
maturataonpondsareusedin series.Effluentqualaty as
medium Liquid mçtentaon time as in the order of
severaldays.Designanclopemataonarerelatavelysample.
SeeAppendax1 3.

3.3.2 High-rate ajpllcations
The regularly organasedintemataonalsymposia on
anaemobactmeatmentof laquadwasteshowthe steady
progmessbeing madethroughresearchand devebop-
ment of hagh-rateanaerobacreactoms(eg. Swatzen-
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baum,1985;AnaerobacTreatment,aGrown-upTech-
nology, 1986; AnaerobicDigestaon,1988). Reactor
typesthat areapplaedin practice

UASB-reactor.TheUpfbow AnaerobacSludgeBlan-
ket processis currently applaedfear several high-
strengthindustraalwastewaters (foa examplesugar
and starch mdustmaes, bmewemies and paper malls) In a
UASBreactor the waste water fiows upwamdthmough
a layem of anaerobic well-settling sludge. At the top of
the reactora phaseseparationbetweengas-solids-
liquid takes place (Fagure 3.2). Ara estimated150
meactorshavebeencoristructedfor industrialeffluents
sincethe mid-seventies.

Since 1986 thesystembasbeenfumther developed
to treatalso domesticwastewater Cummenttyseveral
small(100-500m1)reactorsarein opemataonin Colom-
baa. In Kanpur. India, a 1200 m1 UASB reactorfor
domestiewastewater wasstarted up in April 1989
TheUASB technobogyhasalsobeenmodafled for use
as mi on-satetechnology.Two of such reactoms(vol-
ume: 860L) havebeentestedin Bandung,Indonesaa
(Figaare3.3).Seealso Sectio,a3.5.

Anaerobic filter. Anaerobaefilters are usedm mi

upflow om downflow mode.The upfbow type appears
to haveabetterremovalmateof suspendedsolads The
anaerobacfilter is successfullycommemeaalizedand
appliedon full scalefor thetreatmentof certaantypes
of andustrialwastewater.Approxamately50 reactors
havebeenbuilt world-widefor andustraalwastewater

Flgure 3.2 The Upflow Anaenobic Sludge Blanket neacton. The
sfnped area nepresents the sludge blanket whicl is kept suspended by
the uptoWing inttuent Gas is taken out via the uppen part in the gas
collector.

It as controvemsiab whetber thepmocessas also suatable
for domestacsewage,though work in India at the
NataonalFnvaronmentalEnganeerin~ResearchInsti-
wte, Nagpur, suggestsanterestingoppomtunities.At
the Bombay Dadarsyastewater treatmentplant a
demonstrationreacto(usanga combined filter and
upflowmodebasfunctaonedsatasfactorilyfor aperiod
of time wath the relatively long hydraulicretentaon
time (HRT) of 12 h (Joshaet al, 1987).

Anaerobic contact process This is the anaerobic
equivalentof theactivatedsludgeprocessin thesense
that the sludgeas copapletebymaxedwath the waste
water in the contacttank,andas sepamatedan asedi-
mentataontank Mome~than 45 of theseplantshave
beenbuilt for treatmeptof andustrialwastewaterall
overtheworld,mastof themaccordingto thepatented
ANAMET process - -

The fluidized bed reactor was i a. developedand
amplementedon full scaleby Gist-Brocadesin Delft,
TheNetherlands,for Rs andustrialwastewater.Other
developmenttook placein theUnitedStatesby Ecolo-
trol, whereindustnalanddomestacwastewaterhave
beentreated.SanzandFdz-Polanco(1990)report up
to 70% CODremovaLat15 °Cat laboratoryscale.So
far only afew commqrcialsealereactorsof this type
havebeentakeninto opemation,all on andustraalwaste
water. It as questionablewhetherthis sensitavevery-
high-mate processwall prove suatable to the diluted
domestacsewagein full scaleplants.

/

V7J»ir~

Ftg ure 3.3 SmalI-scale ÇIASB
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At the Umversatyof Ghent,Belgaum,Verstraetees.
aredevelopinga Poly-umethaneParallel-plateAn-
aerobic Reactor. This as an attached-filmreactor
featuring parallel platesmade of reticulatedporous
poly-urethmie, allowing simultaneousantemal set-
tbing of settleablesobids andexcessdetachedsludge.
Severalmodificationsof the processweme testedon
domestic waste water. On sewage(300-1,200mg
COD/L, T = 12-20°C)fairly high treatmenteflicien-
caesof 60-70%COD removalareobtamed,atthevery
low HRT of 1.2 hours (Verhaegen,Van Rompuand
Verstraete,1989).

Othersystemsthatarecurmentbybemgtraedout for the
treatmentof domestacwastewateron labomatomyscale
om pilot scaleare£ a. AnaerobieAttachedFilm Ex-
pandedBed,RotatingDisc,BaffiedAnaerobicLa-
goon (for fua-them detaabsee:HenzeandHarmemoës,
1983, Switzenbaum,t 985).

In addation,theAgricultumalIJniversatyWageningenas
expenmentmgwith modaficationsof theUASB pmoc-
ess.The ExpandedGranularSludgeBed (EGSB)
differs from the UASB mairaly in thehagherupward
velocaty,resultingin amore pronouncedsludgebed
expansaon.Thehigherupwardvelocatycmi beachaeved
by agreaterheaght/diameterrataoor by mecarculanonof
effiuent(deManei al, 1988) Anothemveayrecentde-
velopmentis the evolution of tsi o-stepom three-step
anaerobicreactorswith 2 om3 reactoreompartments
in series.The efficaency appeamshigherthan that of

one single reactorwith the same volume (Orozco.
1988, de Man,pers.comm., 1989).

Othertypical types to bementaonedare the Chinese
hydrolysistankandthesimpleUASB usedin Parand,
Brazal (mentioneclm Switzenbauin,1985).

Little comparativeresearchhasbeencarriedOut on

driferenthigh-ra[e processes.It as reportedthat the
start-upof meactorswath fixed camermaterial pro-
ceedsmore quackly andthat thesemeactomsaremore
resistantto toxiedifeetsandshock-loadang(Jovanovie
et al, 1986, Frostell,1981)

A brief comparisonof the major typesof anaemobac
reactomscmi be found an Table3.1.

3.4 Principlesof anaerobic sewage treatment
processes

3.4.1 General
The purificataon(removal) efficiencyof mi anaerobic
meactorcmi be desemabedby usangthe waterquality
parameters,mentionedan Chapa’er2:
— Oxygen consurnang substanees,
— Suspended solids,
— Nutnents,
— Pathogens.

di
4 + C02

~o~Iv.C~

iNFLiJENT

ANAEROBiC FILTER

EFEWENT

CH4. do2

ROCK

MEDIA

EXPANDED BED

Figure 3.4 Pnnciple ol Anaerobic Fiker and ExpandedBed. TWO types ofanaerobic reactors (JeWeil, in Switzenbaum, 1985)
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3.4.2 Removal of oxygen consumlng substances
Table3.2 summarizesoperationalcharacterastacsand
performanceof only thoseanaerobacmeactorstmeatmg
sewageat the scaleof pilot anddemonstrationplants
(20 to 1,200m1) having operatedcontmuouslyfor a
substantialperaodof time (atleastfourmonths)It was
aatemptedto add furthem up to date information by
mailing in September1989 questionnairesto all re-
searchand developmentcentmesthat are known to
investigateanaerobacwaste water treatment,how-
ever,no newmformataoncouldbe obtained

In thasSectioneffluent valuesandtreatmenteffi-
cienciesarecalculatedon basis of raw (unfiltered)
influentandeffluentsamples.It mustberealazedthat
partof theremammgpollution in theeffluentconsasts
of particulatematter(washed-outbiobogicalmateraal)
and that therefore shoPpost-settlangof anaemobic
efiluent (for typicatly 60 mans)cmi furthemlowemthe
effluentconcentrationsof suspendedsolids,BOD and
COD. Expressingremoval efflciencaesin teransof
filtered eifluentcan thusprovademi indication of the
bestachaevableeffluent qualatywatlaoutnecessitating
a more expensivemacro-biologacalpolishang

BODremovalefficienciesof typacally65-80%(de-
pendenton theeharacterastiesof thewastewater)cmi

be achievedin UASB reactorsoperatedat tempera-
turesof 20 °Com higFaer.Genemallymemovalefficien-
eaesfor COD are 10-20%lower than for BOD re-
moval. -

At lowemsewagetemperaturesresuitsaregenemally
lessencouragangAsa typical example,apilot plant
opematedin Bergamb~cht(The Netherlands),treatang
colder sewagegave dasappointangresults (De Man
andLettmga,1987) Figure3.5 showsthatat thetem-
pematumerange10-180C the BOD removal is bow and
detemminedby theinfluentBOD. Notethatthemfluent
at theBergambachtsite is morediluted thancommon
sewagein TheNetherlands.whichhasamedimivalue
of 265 mg/L andmi âverageof 288mg/L. The effect
that memoval efficiencies improve with inereasing
concentrataonappear~atthesebowtemperaturen(being
onereasonfor thenoteddafferencesm performancein
the four meportedperiods) but is not observedat
tempematuresabove20 °C,like in the Cah case (see
further) Low substrateconcentrationsexert anega-
tave mfluence on efficieneiesunder unfavourable
temperaturecondataons

Table 3.1 Overvlew of featunes of the naini anaerobic reactor types (Lettanga eI al, (1984)

Featunes Upflow sludge bed UptlowAnaeroblc Downftow - Aneenoblc Fuldized-bed
neactons (UASB, Fittens (AF) Anaenoblc - Fixed-Film systems
‘IRIS’, toe’en reactor) Fixed-Film - Expanded-Bed

system (AFF) (AFFEB)

Rate of start-up first 4-16 weeks >3-4 weeks >3-4 weeks >3.4 weeks Approx 3-4 weeks
secondary 0-2 days 0-2 days A few days? - A few dsys2 Uncenfatn

Perfomance with respect to the Satisfacacary at10w Fairly goed al low 35 Very poon nathen poor Veny poon
nemoval and the stabilization of and modeiate loadlng concn. and when the
suspended sollds (35) nates filter Is not clogged

Risk of channelling Small. unitass spoor
leed lnlet dlstnibution
eystem was installed

Great at high SS
concn and In clogged
filters

Small Small Almost non-existent

Extent of eiftuent necycle Generally not Genenally not SlIght - Moderate High recycle factor
requlred nequlred requlred genenally requlred

Sophlstlcated feed lntet For low-sirength Presumably benetictal Not Necassany Essential
distrlbution system nequined wastes and with dense

sludge beds -

Gas-SolIds Sepsnator device tea. essentiai could be beneficial Not requlred could be Beneficlal
requlred benïflcial

Carrten packing nequired Can be beneficial in Essential Essential Essenttal Essenatat
specific cases -

Helght-area ratlo Can be falrly high ton
granular sludge beds

Moderate Moderate
- -

Modenate (?)
- -

Very hIgh
- -
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3.4.3 Removal of nufrlents: KJeIdahl-nitrogen (NkJ)
As aconsequenceof thenatureof theprocess,anaemo-
bie pmocessesare unable to removemiy Kjeldahl-
nitrogenby meansof oxidation, but omganacaltrogen
is converted(furtherreduced)into ammonium There-
fore anaerobicsystemsmaymequareaemobacnitrafica-
tion asammonaumis mi oxygenconsumangsubstance
(NOD). The altemnataveas to re-usethe effluent m
schemes(like arrigataon)whereNOD as of no major
concern.

3.4.4 Removal of suspended solids
Hagh-rateanaerobacmeactorsareeharacterazedby rela-
tively shonhydraulic retentaontameswhich makes
themmorevulnerabletoanternalhydraulicom pmocess-
related disturbanceseausmgexcessaveloss of sus-
pendedmatertal.Partacularlythosesystemsthat rely

on settlangof suspendedbaomassinside thereactor,
like the UASB, and systemsthat are desagnedas
attachedgmowth reactorsandwithout anyposlenor
settling step,like miaerobacfilters, aremost lakely to
face oceasionaluneontrolled washangout of sus-
pendedmatter.

Table3 2 mdicates thatUASB meactorsarecharae-
terized by melatavely poor efficaency in suspended
soladsremoval,wikh valuesof 50-75%,ascomparedto
85-95%for aerobicplants.Anaerobacreactorsapply-
ing hybridconfigurataons(UASB plus filter, omUASB
plus extemalsedimentataon)couldpossablyyaeldbet-
ter mesults.However,full-scale experienceis scarce

3.4.5 Removal of pathogens
The removalof pathogensin anaerobietreatmentas
extensivelydascussedin Chapter5.

Table 3.2 Denonstraüon plant nesuits lor anaenobic sewage treatment.

Bergambacht1The Nethertai
Sao Paajlo2

ids Brazit
Bucaramanga°
Colombia

Cali4
Colombia

Bombay°
India

Kanpure
India

UASB UASB UASB UASB Anaerobtc UASB
filten/Upftow
sludge bed

. - -

Reactor volume (m°) 20 120 35 64 200 1,200
HRT(h) 87-15 4.7-90 5 6 12 6
Volumetnc loadtng

(kgCOD/m3d) 0.4-09 - - 2(max) 01 -

T(°C) 4-18 21-25 23-27 25 - >20
COD/BOD 2-3.5 2 - 2-3 2.5 2.9

BOD removal(%) 24-53 61-80 80 70-90 69-83 65-70
COD removal(%) 24-54 50-70 66 50-75 - 49-78 62-70
TSS removal(%) 43-64 56-79 70 60-85 - 68 67-79
Premoval(%) - 3 - 40 - -

Nremoval(%) - 0 - - - -

Efftuent
BOD (mg/L) 40-110 31-59 39 25-45 - 22-55 50-56
COD(mgfL) 170-303 96-132 145 120-140 9Z-198 91-103
TSS(mgIL) 43-80 33-61 70 30-60 117 111-165
Nkt - 26 - - - -

Pathogens/lOOmL - 10~ - l0~ - -

Sludge prod
0.1 kg
CODJkg CODe
0.4-0 6kg
DM/kg DM

(kg DM/kg COD
1,,) 0 17-0.34 0.15-020 -

-

0 19-023kg DM/m°

0.65-0 85kg
DM/kg COD~

Do Man and Leatln~a11987) • Haskonlng (1989)
2 Vloira (1988) Joshi ere! (1989)

Jakn-is Coliazos and Sciieillnkhout (19871 Aiaerla ei al (1989)
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3.5 Performance of UASB reactors

WelI-documentedresearchon theanaerobictmeatment
of domesticwastewateron apilot scaleascarnedout
in Colombaa.Brazal,India, lndonesaaandTheNethem-
lands.Five case-studiesaredescribedhereunderfor
whachdetaaledandrepresentataveinformataoncould
be obtaaned

3.5.1 UASB as on-site treatment system
In Bandung,Indonesia.the(JpflowAnaemobicSludge
BlanketProject— Low CostSanttataonResearchPro-
ject almedat studyangthe performanceaswell as the
operataonataspectsof on-sateupflow reactoms for
blackas well as grey water. For both watertypesa
reactorwasmn for considerabletime, thereactorshad
atotal volume of 860L anda laquadvolumeof 800L.
Onereactor(at theBaofarmasate)wasfed with black
wateronly, whale theother (at theCarnandisite) was
fed wath grey water. Picture 2 gives a vaew at the
Biofarmareactordurangmi inspectaon.Temperatures
of thewastefiows wemeratherconstantandonavemage
23 °C.Bothreactomsweremonatoredantensivelydunng

xx

&

Iv

0
E

t,

tnttuent BOD (mg/L)

Figure3.5 BOD removal effidency lor the cold-clinate UASB pilot
plant af Berganbacht. The Nethentands, dunng steady-sfate operation
(de Man and Lettinga, 1987)
HRT~87hinpenods.oa,andHRT= l5hnpenoda.
All in dry-weather condataon

theproject,whichlasledfor 5 years The projectwas
carnedout by the AgneulturalUniversity Wagemn-
gen, the St. Borronjeus1-Tospital in Bandung, the
ResearchCentrefor Human Settlementsin Bmidung,
theInternationalTnstttutefor HydmaulicandEnvamon-
mentalEngineeringib Delft andthe Dutch National
Instatute for Public Flealth and EnvimonmentalHy-
giene.

a. On-site treatrnentof black waste water (Bio-
farma site)
Theblackwastewaterwascollectedfrom two house-
holdsproducingabout50 L/d, equalto 10 to 15 L per
cap.d.The hydraulic retentaontime (HRT) in the
reactorwasaround15 days.Effluent wasdrainedoff
to anearbypercolataonfield Theanfluentwascharac-
terizedby ahigh total COD andBOD (mespectively
5,500and1,590mg/L)

For the start-upa small amount of septic tank
sludgewasaddecLThö reactorperformedfaamjysatis-—-

factordyfroiia theverybeginnang.Rangesof treatment
efficaenciesover1 986jtnd1987aregivenin Table3.3.

Table 3.3 Treatment efficaency ol black waste water in a 860 L on-
site UASB in lndoraesia (oven 1986 and 1987)

Parameter Range of removalefficienctes

(%)

COD tot 69-Bi
COD tilt

2 89-95
BOD tot 86-95
TSS 93-97

The subscnpt ‘liii, meana ettcancy is caicuiated as alle naSa ot COOIn ahe
fillered elliueni over ihe CODin liie ras lnsuenL

Removal of andicatoromgamsmssuchas feacalcolt-
forms asverypoor.Apparentlythesludgeblanketdoes
not actas filterangmedium However,the sludgebed
as quate effective as the removal of helminth eggs,
whtchstronglyaccumulatein thesludge.Somehelmanth
eggs (e.g.Ascaris) cara survive for months in the
sludge; this could form asenousrisk for thosewho
comem frequentcontainwath freshsludge.Sludgeme-
movalandhmidlangshquldthereforebecarmiedoutac-

i3o cordangto strict guadelines.
Sludge accumulatedin the reactorat a mate of

0.04kg DM (day matter)Jdwhach equalsapproxa-
mate)y 10 g DM/cap.d.Assuming mi avemagesludge
densityof 60 gDMJL thespecaficsludgevolumepro-
ducedpercapperdayisi 0 15 L. AverageTSSlevelsin
the effluent weme less than 100 mgfL The reactor
could withstmid the drastacfluctuationsin hydraulac

60

S

0 - 0 260
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andorganicloadsthatoccurredunderthe field condi-
tions.Whenthereactorwasovertwo thirds filled with
sludgeafter2.5yearsof operation,theTSS contentof
the effluent increasedduring peakhours, indicating
that the accumulatedsludgehadto beremoved

b. On-sitetreatmentof grey wastewater(Cimindi
site)
The grey wastewaterwascollectedfrom two house-
hoidsproducingabout700L greywaterperday,equal
to approximately60-80L/cap.d The influent to the
reactorwasconsiderablydiluted with respectto COD
and BOD, respectively1,360 and390 mg/1. Due to
varying influent flow ratesovera 24 h penod(and
significantpeakfiows on fndaysbecauseofreligious
practices)treatmentefficienciesfor theCimmdi reac-

tor fluctuatedmorewidely as indicatedin Table3.4,
whichgivesthe rangesof removalefficienciesdunng
1986and1987

As the hydraulic retentiontime (HRT) was only
app 1.1 day,public healthperformancewith respectto
removal of pathogensand parasites(as measured
Lhroughhelmintlieggs)wasslightly betterasfor con-
veritionalseptictanks Sludgeaccumulatsonwasnearly
the sameasfor theBiofarmareactorwhenexpressed
in g DMJcapd TSS levels in the effluentfluctuated
overawide rangebetween10 and200mg TSS/Ldue
to varying hydra~i1ic(shock-)loads.

For moredetalledmformationon reactorperform-
ance,referenceis made to the fmal project report
(RIVM, AUW andSt. Borromeus,1988).

-~.I

Flgure3.6 Cumulatvefrequencydistribuflon of the removalefficienciesof the 64 m3 pilot plant in Cali,
Colombia, dunng steady-state operaton (Haskoning, unpublished)
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Figure 3.7 Cumulatve frequency distributon of the effluent qua]ity of 111e 64 m3 pilot plant in Cali
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3.5.2 UASB as off-site treatment system: the CalI
pilot plant research

The expemimentsconductedin Cali, Colombia,were
monatoredby Haskoning Royal Dutch Consulting
EngineersandArchitects (also responsiblefor de-
sign),theAgnculturalUniversityWagemngenandthe
Univemsidaddel Valle in Cali; recentlya meport was
published on the functioning of the UASB plant
(Haskoninget al., 1989) This report wall soon be
followed by a desagn, constructioaa,operationand
maintenance(DECOM) manual (Haskoning,1989)
Thereactorfalis undertheresponsibalatyoftheCorpo-
raci6nAutonomadelValle de CaucaandtheEmpre-
sasMunacipalesde Cali. Picture3 showsthemeactom

a. Researchprogrammelay out
The Calapilot plant researchwascara-iedoutbetween
1983 and 1987. During the researchprogmamme24
expenmentswerecarnedout The experimentsfo-
cussedon the collection of essentialmformataonon
the key aspectsof full-scale applicataon, such as
reactorstart-up,treatmentperformance,gasproduc-
tion, sludgecharactenstacsandproductaon,andreac-
tor design

In almost all experimentssewagewasusedfrom
oneof themaansewersof thecity of Cala theColectom
Cafiaveralejo.This sewerdischargessewagewhach is

Table 3.4 Treatrnentofficaency in a 860 L on-site UÂSB reactor
tneatinggrey waste water in Indonesia

Parameter Range ofremoval efficiencies
(%)

COD tot 67-75
CODtilt 22-47
BODtot 46-82
TSS 74-81

Table 3.5 Performance of the Cali pilot plant during nornial opera-
tlon(HRT=6h)

Parameter Effluentconcen. Removalefficiency

COD BOD TSS COD BOD TSS

No of days 286 70 286 286 70 286
Average 112 34 44 65 79 76
Stand.deviat 53 11 30 - - -

Medlan 98 32 36 64 77 77
80-peroentale 138 42 59 50 68 62
90-percentile 166 47 80 42 60 46

predominantlyof domesticongin Oeneraily,thereac-
tor wasoperatedat aconstantanduniform flow mate.
In two éxperimentsaday/nightrhyiihm wassamulated
by applyingaHRT of 4h dunngday-time,andaHRT
of 20 h durmg night-time.

Furthermomeexperimentswereconductedto assess
thereactorperformanceonothertypesof wastewater
In theseexpemamentsspecific contaminantssuchas
fatsandvinasses(thel wasfewater from alcohol fer-
mentation,with aBOD of app.40 g/L) were addedto
the sewage.

The reactorwasalso operatedwath sewageof the
Colector Centmal, anôthermain sewempassing the
pumping station wherethe palot plant hadbeencon-
structed.TheColectorCentraldischargesamixtureof
domestacandindustrialwastewatem.Dueto industrial
discharges,extremepH valuesexast in this sewage.

b. Treatment performance
In generalit as of ec6nomicintemestto operatetmeat-
ment systemsat the haghestloadangmate at whach
performanceas satasfactoay.

In the first phaseof thestudya satasfactoryreactor
performancewasfound at HRTs of 6 and4 hours.
Furthemresearchwascarnedout at varyangretention
tames.It wasconcludedthatbestoperataonalperform-
ancecould beobtainedat anHRT of 6 hours (and an
upflow velocatyof 0.67 m/h) At an HRT of 4 hours
(upflowvelocity 1 0m/h) asomewhatmcreasedwash-
out of solids occurredthough thas had little conse-
quenceprovadedthesequenceremaanedrestractedto
maxamallyoneday Ai stall shorterHRTs(3hoursand
less)theremovalefficaencyofdissolvedorganacmaterial
decreased,whach indicatedhydraulicovemloadingof
the system.

Over the entire me~earchperiodit wasfound that
around0.19 m3 biogels per kg removedCOD was
produced.Themethanefractaonof thegaswasabout
7~% --- - - --

In Table3i summarystatasticsaregiven concern-
ing the performance of the reactordunng 5 experi-
mentswhich cover400 days out of a total of 1,300
daysof operationon thesewemColectorCaflaveralejo.
The dataon medtan,80- and90-percentalewere oh-
tained from the calctalataonof the cumulatavefre-
quencydistrabution.Thegraphsarepresentedan Fig-
ures 36 and3 7. -

Theeffluentqualatyandremovalefficienciesobtained
dunng opemationof Colector Central were largely
compamableto thoseihentaonedan Table 35 Durang
theexperimentsthefrâctaohof omganacmatenalan the
sludgestartedto incrdaseandthe setthngvelocatyof
the sludgedecreased,indicatangtoo high aloading
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rare.This finding couldbe relatedto decreasingbio-
degradabilatyof the suspendedorganacmaterial (in-
fluencefrom industraes).a factor whach apparently
also plays an important mole an the behavaourof a
reactor.

Thereactorhasa largechemacalbuffem capacaty.
Thereactorwassubmattedto alkalaneshocks(pH 11-
12) for periods up to severalhoums, yet no advemse
effects could be detected.Dunng operationof the
reactoron sewageof ColectorCentral,thesepHval-
ues occurredat least weekly for severalhours.

Most of the expenmentsat the palot plant were
conductedat constantflow AUASB reactoroperating
underfield conditionswall besubmittedto aday/night
fluctuation of the sewageflow This implies that a
reactoroperaringatanaverageHRT of 6hourswall be
operatingat shortemHRTs dunngthe day-time,when
thesewageflow is hagher.Theexpenmentalevidence
showedthatat anaverageHRT of 6 hours(day-HRT
= 4 hours,night-HRT= 20 hours),thetreatmentper-
formancewasbettemthanatconstantflow wathHRT =

6 hours.At anaverageHRT of 4 hours(day-HRT= 3
hours,naght-HRT=20hours),however,thetreatment
performancewas poom. It was conciudedthat the
simulatedvariationof the flow mesultedin aregularty
less expandedsludge bed, whach would causethe
recorded improved soladsremoval. In caseof an
averageHRT of 4 hours, the day-HRT of 3 hours
appearedtoo short to gave acceptabletreatmenteffi-
caencaes.The reactorclearlywashydraulacallyover-
loaded.

The removalof phosphoruswasfoundto be app.
40%. Half of the P removalas dueto uptakefor the
productaonofnewcell materaal,theotherhalfasdueto
adsorptiononto the sludge.(It slaould be notedhow-
ever that the influent waslow in phosphorus) The
alkalinatyof sewagemcmeasesin thereactordueto the
formation of bacarbonate.

Theaverageconcentrataonsof ammonaum,total-P
andalkalinity aregavenin Table3 6.

Table3.6 Averagesof aliralinity, ammonium and total phosphorus
of the influent and effluent of the Cali pilot plant

lnfluent Effluent

Alkalinity(meqfL) 2.5 2S
NH

4-N (mg/L) 105 149
P-tot (mg/L) 2.6 1.6

3.5.3 UASB as off-site treatment system:
Bucaramanga, Colombia

Withan the framework of actavities related to the
EnvaronmentalSânatationMasterplanof the Metro-
polatanAreaof Bucamamanga,Colombia,DHV Con-
sulting Engineerscarriedout a technicalassastance
prograrnmeduringtheperiod1984-1986.Thereactor
falls underthe mesponsabilatyof the Corporacidnde
Defensade la Mesetade Bucaramanga.

In thas progmammea 34 m~UASB reactorwas
testedwith success.Evenat a24h-averageHRT of as
low as5.2hourseffluentquality wasconstantlygood.
A day-timemininium I{RT of 15-3hourswascom-
mon, bul did not advemselyaffect the performanceof
thereactor.

The UASB reactorwasfollowed by a facultatave
pond, whachfunctaonedas a secondary(post-)treat-
ment.Durmgtheexpenments,theloadangof thepond
wasstepwaseincréased,resultangan afinal loadingof
570kg BOD/(haday)andan HRT for the pond of 1
day. Under this condition the total BOD removal
efficiency of UASB + pondwas89%.

Basedon theseresults,it wasdecidedto selectthe
UASB/facultatavepond systemas treatmentprocess
for Bucaramanga. Planshavebeendrawn up for the
farstphasefor atreatmentcapacatyof 80,000cap,later
to be enlamgedto 160,000cap (Jakma,Collazos and
Schellmkhout,1987). The plant will be startedup in
1990.

3.5.4 UASB as off-site treatment: Kanpur, India
Wathan the fmameworkof the GangaAction Plan, an
Indian-Dutchprogrammeprevasesin thetreatmentof
wastewaterin anaerobicmeactorsof the UASB type.
The plant is designed,andmonatoreddurangstart-up,
by HaskonangRoyalDutchConsultingEngineemsand
Amchatects.Theplant as commissionedby the Ganga
ProjectDirectomate,NewDelhi, andthe UttarPmadesh
JalNigam(UY WgterCorporation),Lucknow.In the
first phaseof theprogrammea1,200m

1 reactoras con-
structed,treatangpartof the domesticwastewaterof
the city of Kanpur This reactoras by far the largest
demonstration-scaleanaerobactreatmentreactorfor
rtomesticsewageat present.Pit ture4 givesanarnpres-
sion of theantenorof thereactorduring theconstruc-
ton This plant is in operataonsinceApril 1989,andits
functioningwaset’aluatedin December1989 by an
Indaan-DutchJointAppraisalMassion(Alaerts ei’ al,
1989)
- Conclusaonsof this missionareprimarily basedon
a six-weekpenocfof steady-stateoperataon,during
September/October1989, but were confirnaedover
the periodJanuary-May1990 Durangthe otherpeil-
ods performancewasneverdeviatingsystematically
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from this “nni-mal” hehaviour,anddevaataonscould
always beattrabutedto mechanicalproblems(btock-
ing pumps,faulty removalof excesssludge,ere.) At
a 24h-averageHRT of 6 hours, the capacityof the
reactoris appmoximately5,000 m7day.The sewage
containsa sazeablefractaon (possibly up to 5%) of
industnal dischargesfrom i a textile factoraesand
tannenes.Thereactorconsists,for expenmentalpur-
poses,of threecompartmentswith modaficataonsin
technicalaspectsof design(anletandoutletstructure),
resulting in aminor variationin eifluentquality The
avemageperformanceof the reactorover the men-
tioned periodis summanzedin Tab(e3.2

Someof the conclusaonsthat can bedrawn from the
available dataare:
1. The eifluent qualatyand treatmentefficiency for
BOD, COD and TSS feil marganally short of the
standardsthatareapplicableinIndiafor dischamgeinto
surfacewatersof theGangaActaonPlan (Table3 7),
but standamdsfor dischargeenlandaremetexceptfor
TSS.Theresultscan beconsideredrepresentativefor
routine eperation.andwill possiblyamproveastheme
existsascopefor furtheroptimazationof design and
operattonprocedures.Thereforepest-treatmentwall
benecessaryPost-treatmentmayconsastof lagoonang
or anothersuatableaerebacprocess.
2. Sludgeproduction as lowem than that of aerobac
treatmentsystems However, the amount of sludge
producedas higherthanat the UASB meactomsin Cah,
Colombia er Sâo Paule, Brazil This seemsto be
causedby thehigh concentrataonsof suspendedsolids
in this particularinfluent
3. Net PresentValueof UASB inctuding post-treat-
ment (lagoon or actavatedsludge) is 15-30% lower
thanthatof actavatedsludgeplantser tricklangfilters
for thesamecapacaty,inciudedsludgetreatment.
4. Biogasproductionis sufficientto supplyall electric
energynecessaryat the treatmentplant for pumping
pumpeses(15 kW)
5. The reactoras technacallyspeakangof simplecon-
ception with limited electre-mechanicalequapment
This is an advantagean areaswherepower cuts are
frequent; aeratedtreatmentprocesseswould experi-
enceconsidemabledamage.Daalyoperataonandmajn-
tenancearerelatavelyclear-cut,andcanbetakencare
of by adedicatedandexpemaencedsupervasofwathout
advancedtraining. However,regulammoniteringby a
scaentistand/omengineeris necessary,especiallydur-
ing start-uppenods.Major points of attentionare(i)
thecleaningof thegrit removalstructure,andof inlet
andoutlet systems.and(ii) the regularcarefulwith-
drawatof sludge.Caresheuldbe takennot to disturb
the sludgeblanket.The reactorappearsrelaableand

stable, despitefrequent dascontanuationof anfluent
feedmg.Thereactorfratureson theotherhandashert
retentaontime, andthusrequaresintensivesupervision
sothatswift actaoncaiEabetakenisathecaseofmalfunc-
tionmg.

Some questaons,however, remain to he further
investagated,notably the effect of colder sewage
temperaturesin the s~intemseason(ambienttempera-
tumeat neon20°C,at night 5 °C),andtheeffecton the
longerterm of diurn4l fluctuataenandshocksin the
hydraulicloading

3.6 Major concluslons and recommendatlons

In thissectien,conclusaensandrecommendatiensthat
can lie drawn from literature surveyandabovemen-
tionedpmojects,aredascussed

a. UASB ason-sitesystem
Regardingthe applicationof UASB technologyfor
on-sitesanatatlonthe fellowing generalconclusaons
andrecemmendataonsarejustified.
1.On-siteupflow systemsperformfaarlysatasfactorily
in terms of COD andBOD removal underexastang
field conditionsin IndonesaaVariations in hydraulic
and organac leading rates were well taken by the
systemswathoutdisturbingtheprocessstability Upflow
systemstreatangblackwastewaterhavesignaficantly
higherremoval ratesfor COD andTSSmainly dueto
lew hydmaulic loading andconsequentlyhagh reten-
tien times - -

2. Upflew reactersde net effectavelyremoveer de-
stroy pathegensHelmanth eggs are removedfairly
effectively in theblick wastewaterreactoras they
accumulatein the sludge bed~hydraulacretention
tamesneedthen be iufficiently long (more than 10
days).
3. A majordesignparameterfor on-satereactersis net
the hydraulac retentiontime (as is the casefor the
UASBsen conventaonalsewage)but thesludgeaccu-
mulataon capacity. A specafic sludge accumulataon
mateof0 01 kg daysetidser0 15 L/capdaycanbeused
for reactordesign.This should then allow for at least
oneto twoyearsof centinuousservicebefomedesludg-
ing is to becarraedout Oneshouldkeepan mmdthat
TSSremevalratesdropconsiderablywhenthereactor
asmorethantwo thirds full with sludge.
4. Gaspmoductaonwasareund5-6 L/h in the reactor
treatingblackwaterahd7-8L/h for thereactortreatang
grey waste water Genemally this meansa biogas
preductienof 25 to 30 L/cap day for both reactors,
megardlessof the typeof influent. Utalazataonof these
small amountsof baogasdoesnot seemfeasiblenor
attractive.
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5. On-site upflow reactersde not requarefrequent
eperationand maintenanceattention provaded that
care as takenwath what is dischargedte the reactor.
Butky items mayclegpapangwhaletexic compounds
may meducethe sludgeactivity In caseefantemrupted
feedingershockcondition dunngpartial sludgeme-
moval thereactorperformancere-establashesitsactiv-
ity almostimmedaatelyafterresumingnormal opera-
tien.

b. UASB as off-site system
Temperature.The expenenceswith the UASB sys-
tem for domestacwastewaterallow ats applacataenat
wastewaterteniperaturesover 20 °C.At lower tem-
peraturessludge activily and removal efficiencaes
decrease(dewn to 40-60% en I3OD memovalat 14-
16 °C).Researchindicatessatisfactoryperformance
may eventuallybecomefeasablealso at lower tem-
peratures(dewn te 16 t 7).

Compositionof thesewage.Nermaldomesticsew-
agecan lie treatedin a UASB reactor. For COD c
1,000mg/L thedesignof thereactorcanlie baseden
hydraulic retentiontime. The system is flexible to-
wards hagher leadsof dassolvederganic material.
High concentrationsef suspendedsolids (TSS)may
gave preblems,whale the actavebiomass becomes
“diluted” with meternot-degradedsolads.Alsoalew
bie-degradalillatyof the suspendedergamcmateraal
negativelyinfluencesthesludgequality andhencethe
performanceof the reactor.

For domesticsewagewith a fractienef andustrial
wastewaterparticularattentionmustlie given to:
— fats. thepresenceof fatscausesflotation of sludge
andthereforereducedremevalefficienciesof solads,
— pH: highpH valuesareoftenbufferedreadalyby the
system Low pH valuescan enly lie allewed for a
limited period(10-20minutes);

— specific texic cemponcnts:anaerebicsludge is
sensativefor a numberof texac er mhtbitang cem-
peundsAmmonaa,velatalefatty acidsandhydregen
sulphadearetoxicuinly in unienizedform This means
that undernermalpH sralueshagh cencentratiensof
the dasseciatedferms of these cempoundscan lie
pmesentwithout ~ny preblem (Table 3S). Further,
adaptatienof thesludgetakesplace,in caseof sheck
leads,aquackrecoveryappearseftente lie pessible
(KosterandRinzema,1984;Field, 1988)

Another important group of tent cempeundsare
heavymetals Heavymetalsaremoretoxic at alkaline
pH However,atsuchhigherpH selubality decreases
andprecipitatienwith sulphadeercarbenatemaytake
place Toxicity also dependsen etherenvirenmental
facters.Adaption of the baeniasste high levels of
heavymetalsdeesnot occur

OthercompouIidsthat are texacin 10w concentra-
tionsarecyanide,antibaotacs,detergents,chloranated
hydrecarbons,tanninsandresins,aromaticcompounds.
For wastewaterca.5itainingtexaccempoundsin such
concentrataensthatpossablynegativeeffectsupenthe
macrobaolegalacta~’itymay eccur,pilot plant experi-
mentssheuldassessthe feasibdatyof theprocess.

Hydraulieloading. For tempematurescomparablete
thesein Cali (25~Qom higherthedimensienangof the
reactoris weli-defaned The criteria establishedin
Cali, Colombia were applaedfor a 1,200m’ UASB
reactorin Kanpur, India andwere found valid. The
24h-averageHRT as establashedat 6 hours,whereas
dunngmaximumflew (day-time)an HRT of 4hours
canlie allowed Underram conditions(peakhydrau-
lic leads)anHRT of minamally3 hourscaneccasien-
ally lie permitted TheUASB reactorseemstherefore
bestsuitedfor separateseweragesystemsanto whtch
no storm water is allowed

Teble 3.7 Results of 5.000 rn’Iday UAS8 in Kanpur, India, results of 6 weeks steady-state operataon (later on cenfirmed over several nonths)

Effluent Gas recevery

BOD COD TSS (m3/day) (m3fkg) COD remeved
.

Achteved(mgIL) <50
...—~....nt - -

162 145 ‘ 130 01

Remevatefficlency (%) 60-75 65-75 65-80 - - -

Standardsto be a
GangaAction Plan standard (to river) 30 - 50 - -

GangaAction lian standard (te land) 30 - 50 - -

t~..Z “
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Treatmentefticiency.Thetreatmentefficiencies(de-
termanedenthebasisefraw,unfdteredeffluentsamples)
thatcanlie expectedfromanormallyeperatingUASB
reactorare:
COD=65% (50 - 75%),
BOD= 80% (70 - 90%),
TSS =75%(60-85%).
The pathogensmemevalof thesystemas negligable.

Operationand maintenance.The expenencewith
large-scaleUASB plants, theugh stall lamited, sug-
gests that theseplants can operate faarly well. The
precessstaliility to disturbingeventsas goed,af the
reactoris well desagned.Nen-documentedreportsen
performance of plantsof suspectedpoordesigninCe-
lembaasupport this statement.

Rehabteand melatively fast start-upprocedures
aremeportedto havebeendevelopedat theCali and
Kanpursite.Start-up,eranyrenewedstart-up,never-
thelesswill always take two te threemonthsbefere
steady-statecenditiensare armaved at, and requares
supervasienliy knewledgealitestaff.

1f preperlydesigned,UASB plant supervisionis
mestlymestrictedteroutine samplingenadaily basis,
oliservatienandmaintenanceof the gnt remevaland
watercenveyancestructures,scum removal andre-
mevalandmanagementof excesssludge.Apart from
pumpingequipmentandtheflare (andif thebiogasis
used, the lilewers and safetydevices), electro-me-
chanacalpartsor other sephisticatedanstrumentsare
scarce.Once the reactoras put tnto eperataen,it ap-
peams not to necessatateintensive hagh-levelsuper-
visaen.Themaintasksof thesuperviserareto prevent
disturbanceseccurringin thereactor, andmanagang
the sludge lilanket. Both tasksarenot very compla-

Teble 3.8 Toxic elfects. Indicated is the level af which 50% inhibi-
tien of methanogentc activity occurs Effective Dosis (EDSO) in ng/L
(Reld, 1988)

catedliut derequireskall andexpenenceThe correct
wathdrawalof excesssludgehasshewnin Kanpurte
lie highly importantin thelargersizedreacters:theugh
thesludgelilanket is well maxedatmayprovedifficult
tewithdrawthemequtiedfractienmsufficient(andnet
teelarge)quantitiesMthbutdistumbangthe reactor

The shert retentiôntamesrequire the quick re-
sponseof plant supervisorste preventserieusplant
dasturbanceer evenlireakdownin thecaseof aliner-
mal werkangcenditilens This may happenfor ex-
amplewhen influent characteristics(presenceof in-
habitorycempeunds,7floating erfatty material,influ-
entpump failure) ne~atavelyaffectthequalaty of the
anaerebacsludge.Of particular concern as sludge
wash-out

Formaintenaneeworkentheinternalsof aIJASB,
such as the sewagedistributionsystem er its gas
collecters,thereactorbasto lie shuteffcompletely.In
somecasesthe reactorhas te be emptied. Mainte-
nance,requinngemptying ef the reactor, however,
sheuldnotlie requiredmoreoftenthanevemy 10years
in aweil-designedméactor In orderto aveidsludge
lossandlong newstart-upperiodsin thesesituations,
it is recommendedt&eperateUASBs in parallelcon-
figurataon.

Experiencein Cali shows the need for regular
cleaning(yeartyerlii-annually) invelvangremevalof
accumulated(a) fleatingmaterial from the insadesof
the gascellectors,and(ii) heavysettleablemateriaal
(grit) fremtheliotteni of thereactor.Te facilitatethe
latter special heavy-sludgememoval lateralsen the
reactorfleommay stil needto lie developed.

Cempeund ED5O
(mg/L)

FrreeNH3 50
NH4’ 1,000 (unadapted sludge)

4,500 (adapted sludge

Free H2S 250
HaS (pH 6 8) 530

FreeVFkC2 16
C3 6

VFA (pH 7 4) 15,000
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Picture 2 Top view of the open860 L experimentai on-site anaero-
bic reactor in Bandung, Indonesia, trealing black waste water (Bio-
pham~aloca~on).

Picture 4 Fuli-scale anaeroblc plantunder construcdon at Kanper,
India. The reactor is 6 m deep and construct~iunderground level. This
reactor isa first phase in axmprehenslve plan;itwili treat 5,000 m~per
day or 30,000 cap The plant was successfully started up March 1989
by the Dutch designer (Haskoning Consultants)

Picture 1 An upflow anaerobic reactor opara~onaIsince 1986 Ina
starch factory In a remote nJral area In Mindanao, The Phiiippines.
Although located far away frem the technical backing expected near
atlas,the reactor performs well and works reliably (Bio~mConsultants)

Picture 3 The 64 m3 UASB pilot plant in Cali, Colombia. The
anaeroblc reactor was eenstructed and operated on munidpal waste
water in a joint Colomblan-Dutch project.
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Picture5 Ori-site pubflc facifity for water supply and sanitafiori
(MCK) in an area of mediumpopulatlondensity in Bekasi,u(oan JaMrta,
lndonesla (1984). Foreground:septic tank is drained to gutters and
drainage canais, in on~ertoprotectshallow ground water from pathogen
contamination. Hand pumps are used to pump stiallow grotjndwater.
The programm is not Mly satisfactory: aciceptanco bythe community Is
sometimes problematic, and some septic tanks started Iealdng.

Picture 7 lnthisplcturethedifferenceisshownbetweensmallbore
sewer and conventional sewer. The hmier can be laid wita loss effort
due to its shallow posilion and small diameter The conventional sewer
needs a iarge diameter to accomodate high peak fiows.

Picture 8 One ofthe two eperaflonaltreatnient plant.s In Indonesla
under local authorities. This ~xidationditch treats effecbveiy Industrial
and domestic waste water in the Rungkut lndustnal Estate in Surabaya,
Indonesia, since 1981.

Picture 6 Open drain in Bandung, indonesia. Beside storm water,
alsowaste water is dischargedInto the drain. Note the pollution due to
soiid waste.
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4 Anaerobic WasteWater Treatment at On-site Scale

4.1 Introduction

Over the past decades littie progress has been madein
the development of [liebasic technology of unsewered
sanitation altematives. The design criteria for septic
tanks, for example. arestil verymuch thesameashalf
a century ago. -

The recent experience in Indonesia with upflow
anaerohic reactors’ on on-site scale (see Section 3 5.]),
serving one to some tens of househoids, gives good
grounds to expect that this technology maycontribute
to improve the efficacy of sanitatson programmes in
iess-industrialised countries. This expectation how-

ever. is based on the treatment performance of the re-
actors as such. no assessment has beencarrredout as
yet with regard to their comparative advantage m
sanitation progranimes.

This chapter will therefore attempt to arnve at
conclusions whichmore accuratelydescribetheposi-
tion of this new on-site high-rate anaerobic treatrnent
process in the“landscape” of sanitatson programmes.

In order to formutateconciusions,the problem
must be approachedin a broad andcomprehensive
way. On-sitesanitationmustfust beanalysed,andits
determinants,which havebeendiscussedm ageneral
way in Chapter 2, further specified

Secondly, in this setting all possible programme
andtreatmentalternatives(at leastiii principle) must
be assessedon their feasibility This feasibility must
beexpressedin economicandfinancialterms,aswell
as in termsof acceptanceby the community andany
other criterion that is consideredrelevant Only theo
can the two masterquestionsbe answereddoes the
newconceptmeetthecriteriaatall, andifso, is It corn-
petttmvewith any altemative

Fo the aake of arr~koly,this applicaiion ot Uw pnnclples 01 high-raie
anaerobc piocess-iechnology will te wnilstenhiy cailed here UÂSB, because ii

apç~lesin anaicgy will, Is larger-amie rnaleli the pnriople ot aclive biomass
susperided in an up-llowtngwasle water. t aarSnowledged however, halon this
imali icale the waste water 110w rale Is dsnninuous, and that iiie biomaas
leludgel is only dlswnhnuoosiyslirred upand iuapended in highly vanable up! 0w
eelooties

4.2 Approach of the study

Given the fact that thèconcept of high-rate anaerobic
treatment(ofliquid waste)necessitatesthedilution by
the water that is used for flushing the toilet, this
comparative study restncts itself to the so-called wet
processes(seeSectioar2.2..]). Basedon theprevious
discussions regarding the determmants for on-site
sanitation programmes and relatedtreatment,andthe
prospects created by the on-site UASBs, tius study
distinguishes a numher of options, discussed below.

4.2.1 Treatment
With regard to the treatment (ie removalof constitu—
entsof thewaste water)’
— treatment in conv~ntioiial horizontal or verttcal
septictanksandlined pits; in mostcasesm develop-
ingcountriestheseptfc tankaccepts only black waste
water, with the sullage drained in surface drains to—
wards a receiving water body or “disappearmg” into
the ground,
— treatmentin conventionalleachingpits, whereby
the black waste water is collected in a hole in the
ground,the liquid percolalmgthroughthe walls into
the soil, andthe remainingrelatively dry sludgedi-
gesting in the hole, the sullage is drained into surface
drains, or teft to “disappear”; retention time of the
sludge m the hole is one to a few years, leading to
partial composting of the solids and consequentlv
killing off of all types of pathogens,provided the
sludgehasnot comernto contactwith freshcontami-
natedwaste. -

— datoasabove,but with asecondtwin leachingpit
acceptingthe blackwastewaterwhen the first pit has
beenfilled. whilst thej,econdpit is gettingfilled over
the months, the contentof the first pit is left to full
composting,yet, there is some evidencethat patho-
gens from the “wet” second pit contaminate the first
pit which may theo ho incorrectly considered patho-
gen-free; =

— anaerobic treatmentm the UASB treatingblack
waste water, sullage dramed away;
— anaerobictreatmen in the UASB treating grey
wastewater -

All of these options necessitate the regular removat of
sludge (once every 1-4 years) usually by a specialised
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canagecompany.Sludgefrom upflow reactorsand
septic tanks is alwayscontaminatedto someextent
with pathogensandrequirescarefulhandlangandfinal
centralisedtreatment(stabilization or composting)
beforeit can be applaedin any resourcereutilization
scheme.

4.2.2 Eifluent disposal
Secondiy,alternativesareconsaderedwith respectto
the way the effluent disposalof the IJASB and the
septictankis organised.

This canbecamedoutby eitherletting it percolate
into the soil throughan infiltration trenchor tnfiltra-
non mound (madeof grit andsand),or by allowmg 0

to bedrainedviaanoverflow min regularstreetdrams
or, if available,sewers.

Application of the percolation leads to an effluent
disposal method which in prancapleis convenient,
fairly cheap,reliable,andeffectavein removingpatho-
gens from the direct habitat.The major economic
advantageofpercolationsystemslies in theabsenceof
a waste water cotlection and conveyancenetwort
Three drawbacks,however,need to be taken mto
account.

Firstly, to avoid contanlinationwathpathogens,a
minimum distancemustbe kepi betweenthe anfiltra-
tion point andany shallowwell providing drinking
water. This is dafficult if not ampossiblein more
denselypopulated areas (populationdensity above
150 cap/ha); this restriction has partacularweight
whenthe populationheavilyrelaason shallowground
water, a commonsituation in manytropicalctevelop-
ing countries.

Secondly, if the soil has too low a percolataon
capacity,or if the groundwatertablehestoo closeto
the soil surface,anfiltrationbecomeslessfeasable.

Thirdly, studies on the faalureof septic tanksm
developingcountneshaveshownthat irregularemp-
tyang of the tanksleads to arreversible clogging of the
infiltrataon bed: rather than renewang the bed, most
owners by-passit and chvert the tank’seifluent to
surface drains Such habits arewidespread in Indone-
sia (Macoun, 1988) andThe Phalappanes (Dept. Public
Works and Haghways, 1987), they are reportedto
occur to a consaderableextent in Brazil, Thailand,
India,YemenandevenEuropeancountries,andshould
therefore be considered rather common. Convennonal
engineeringpractice unsufficiently recognizesthis
deviantbehavaour.

The alternativeof draming the effluent via street
gutters and drains implies a public health risk in the
sense that people, especaally chaidren, may come into
direct contactwith wastewater which as pathogenic.
Thedrainedwatereventuallyendsup in anverorlake,

wlnch, becauseof the dilution effect, may vasaaily
appearaccepfablet6 people wanting to use at for
houselioldpurposes,but whschmay still be contami-
nated to a certain degree.

4.2.3 Scale of the facility
In areaswhere populataondensity as very low, say
below 100cap/ha, economic optimizationwould pro-
vadeahousehouldwith oneandividual facility given
the high costof connectingpiping. Whenpopulation
densityincreases~,ii maybe worthwhileto mvestagate
whether ii is advantageous to connect several house-
holdstoonefacilaty. Onemayexpectaneconomicad-
vantagebecause:ofdie economyof scale, but there
maybeotherberjefits (aswell asdisadvantages)with
regardto supervisionandmaintenance.All mentioned
treatmentoption~in principle allow for this scalmg-
up, but particularly IJASBs mayprove to gaan proc-
ess-wisefrom the ancreasedand less peaking flow
which goes with thecombinationof the wasie from
severalhousehoids

When only afew householdsareconnectedto one
facality, it is calledherea“shared” facality, whenthe
numberraisesto 10-100,at is calleda “communal”
facilaty. -

The differencein terminologybaslittle to do with
iechmcal charac~eristics,but emphasizesthat the
perceptionoftheowneris dafferent~ifsomebodyowns
his individual tank,or iharesit with someof his neigh-
bours,hefeelsasenseof ownershipandpersonalre-
sponsabality;af onthecontraryhe shares ii wathmany
otherfamalaes,his personalcommitmentwill be lower,
but on the otherkandhe maybe morewailing to pay
monthly a small ürnountof moneyto a thard person
who is appoantedby the community to takeregular
careof theanstallation.

Therefore,this anvestagationwill include on-site
sanitation prograriames with (i) individual facalaties,
(ii) sharedfadilatiesto whichseveral(5-10)housesare
connected,as well as (iii) comniunal facalitieswhich
serve a small ne~ghbourhood(10-100 households).
Not includedarethetraditaonalseparatepublic facili-
ties (like the Mandi-Cuci-Kakusor MCK in Indone-
sia,seePicture 57 usedby anumberof familaesbui
wathouthousecoainectaon;obviously their costaper
capitaare, at leasLmstraightforwardcalculataonand
with the optamistic assumptionof full acceptance,
lowerthan anyalternataveIn certaincultures,like the
Chmese, pubhc fikiluties are generallyaccepted;in
inanyothersthis i~not the cas&

4.2.4 Developing a case study
It is obvaousthat studying this complex comparison
problem needs rataonalization and s impl i facation.
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Thereforethe studyis carriedout nar arepresentatuve
oase.

The feasabilatiesof different on-sute sanatation
programmes,inciuding thosethatmcorporateanaeto-
bie treatmentoptions. arestudiedby samulatingthe
representativealternativesin anumberof gavensatu-
ations. Thesesatuations,too, must be representatuve
for the majonty of cases(urbansettmgs)as they are
met in arangeof developingcountries.Despitethe
impossibalityof coveringall amaganablesituations,at
is thought that an approachcan be developedthat
yaeldsconclusionswith sufficiently broad validuty.
This approachis characterizedas follows~
— It is assumedthat construction and operational
considerations,andcostarelatedto small-scalesanuta-
tion dependprimarily onrathertnvaalaspects,like the
unit costsof unskilledlabour,cheappipang,concrete,
desludgingcarts,ete.Fromonedevelopingcountryto
anothertheseunat costs,andthe requaredquantities,
will not differ so systematacallythat the costposataon
of oneoption relativeto thatof otherswall befunda-
mentallyahered.Thereforeut is possibleto restractthe
study to one carefully selectedcountry, and add a
sensitivity assessment.
— Themain determinantsthat influencechouces,and
the relatedcosts. aremore or less comparablein all
countriesconcernedThesedeterminantshavebeen
dascussedin Chapter2.

Asacasestudy,sanitationin thesettingof Indonesian
kampungs(urbanlower-andmiddle-classtownshaps)
as chosen,becausethey were consideredwell repre-
sentative,becausesufficientdetâaledinformationwas
available andbecausethe pilot on-site project with
small anaerobacupflow reactors was conductedin
Bandung,Indonesia(RIVM, AUWandSt.Borromeus.
1988: IHE. AUW andSt Borromeus,1989).

Comparisonwith the urbanasationpatterns in a
numberof otherselectedcountriesondifferentconta-
nentsshowedthat the basiccharacteristicsarepopu-
lationdensatyandthedegreeofplanningin theurbanu-
sationof the township.Figures4 1 and41 showthe
outlayof atypical unplannedkampungat lowpopula-
tion density, and oneat high populauondensity For
thepurposeof comparason,Figui e4.3showsthemap
for afavela in Bra.zil characterized by ainplanned ap-
proachandhigh populataondensaty.Township maps
from Afracancountries.as well as mapsfrom Indaan
cityquartersandPhilippinebarangayscanalsobeba-
sically definedby the sarneparameiers.

This study furtherdiffers in two respectsfrom others
that comparesanitationalternatuves.
— It approachessanitataonasa“township-widesani-

tation” problemmsteadof a smglehousewastedas-
chargeproblem,becausein an urbanisedsettangthe
per catiita costaandthe technicalfeasibalatiesof the
alternativesdependconsiderablyon populationden-
sity andurbanasationpattem.
— It mcludes“treatment”wath respectto BOD andto
alesserextentpathogçns,ratherthan lookingat mere
removalof thewastewater,asas thecasewith studies
thatfocuse.g.ontheadvantagesofshallowandsmall-
boresewers.Treatmentheremeansavoidingpollution
of surface and ground water, aswell asattemptingto
mmimize lossof environmentalandpublic health.

Finally,it shouldbeuiaderstoodthatthis studycentres
aroundthe questionof whetheranaerobictechnology
asfeasibleastreatmenttechnologyThe studyof the
feasibilutyof theequallyimportantwastewatercollec-
tion and conveyanee ~ystemis relatedto this but fails
partly beyond this study’s scope.The design and
costmg basis for the anaerobicreactorsrefers to the
stijl laniatedanformatiônfrom the two Bandungreac-
tors, andneedsto befurther optamized.

4.3 On-site sanitation simulatlon study (the case of
the Indonesian kampung)

4.3.1 General approach
Three cases represent different sets of technicalas-
pectspertaaningto gfound watertable andsoal per-
meabality. These setslare applied to urbanpatterns,
whach differ in termsof thearplannedor unplanned
layout, and thear population density.

In eachof thesesituationsit is assumedthat no
sanutation exusted beforehand; of course,in practice
this as not completely true, andeachsanatataonpro-
gramme will in fact uiEiclude a mix of old, renovated
andnewmfrastructure.Also,at is assumedthat ineach
calculationonly onetypeof newsanitationinfrastruc-
ture will beproviderL Despitethe fact that both as-
sumptaonsarenot coiiapletelyreahstic,deviationsdo
iaot devaluethe conciusions

For the samulationsrealistacunit costsareapplaed,
as they were applicable in urbanareasm theJavanese
provancesattheendof 1987 Theseunutcostshavenot
changedfundamentallysmcethen

TheeconomiecostiscalcaalatedasaTotalAnnual
Cost perHousehold(bh) TACH (seeAppenda.a.2). Ii
inciudesall costs relatedto the provasionof the new
situation. all laterals arddraansaswell asthem-house
infrastructure of the toilet faculaty (squattungslab,
connection).Also theeostsfor breakingup andrepair-
mg footpaths and other existmg structures in the
kampungare takenmb account A reasonableesti-
matefor therelatedwaterconsumptaonanddesludg-
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ing cost is included Cosasthat are very dafficult to
assesswith precasionarenot includedhowever; this
pertaansto, for example,the costs for the off-site
treatmentanddisposalof sludge,aswell asthe(oppor-
tunity) costof landunderoron whachsanatationinfra-
structureis tocated.

In the caseof the alternativeswhereoverflowing
waste water is drainedor sewered,only the costs
incurred inside the karnpungareconsadered, as the
principleof thecalculationis “township-centred.”It is
assumed that the drain or sewer connects to a trunk
drainor seweroutsidethe servedarea

A labourshadowcostfactorof 0 7andaneconomic
discount rare of 12% are used, reflectangrealistic
valuesfor economiccosting.

Once the least Total Annual Cost per Household
(TACH) is determined,the ûnancaalcost (applying
somefanancingatternatives)is checkedto assessaf-
fordability. The aliernativesanvolvea.a non-mone-
tary contributaonvia communatyparticipation

4.3.2 Technlcaldescrlptlon
a. Urban patternandpopulationdensity
The areasarechosenfrom aerial photographacand
housingschememaps The sax modelsselectedare
threeunplannedareasin Jakarta,onein Magelangand
two plannedareas an Klender (Perumnas),also in
Jakai-ta.‘Planned”meansa settlementor neaghbour-
bood developedon the basisof an urbanisationplan,
in contrast to the arregular,“wild” developmentof
most squatter areas. By estimatangthe averagenum-
berof peopleperhouseholdat seven,the population
density for eachmodelts obtained.Populationdensity
thus varies from 175 cap/ha to 804 cap/ha.

Two samplesareprovidedin Figuies4 1 and4.2,
thefirst showingasparselypopulatedareaof 64hain
Magelang(175 cap/ha)to be servedwuth undividual
UASBsor lined pits connectedto aleaching trench,
whilst the secondshowsan unplanneddenselypopu-
latedkampungof 4.5 ha (390cap/ha)to be servedby
individual UASBsor lanedpits corinectedto shallow
or smail-bore sewer. In the larter case leaching trenches
can clearly not be accommodatedan theopenspaces
betweenthedwellings;pitsor tankson theother hand
could possablybe locatedunderneathhousing

b. Teehnologyalternatives
Ii will be assumedthat only black waste water is
treatedon-sate:sullagewateris drainedon thesurface.
Fourteensanatationcombinationsareconsidered,other
combinationscanbededucedfromanterpolatingcosts:
(1) singleleachingpit.
(2) doubleleachingpit (two altematingpits),
(3) lined pit (with open bottom) wath overflow to

opensurfacedrain, 1
(4) haned pit (wath open bottom) wath overfiow to
shallowsewer,
(5) septic tank wath leaching trench,
(6) septic tank with overfiow to opendrain,
(7) shared septic tank with leachmg trench (for few
househoids),
(8) septactank with overfiow to shahlowsewer,
(9) UASB wath leachling trench,
(l0)UASB with overfiow to shallowsewer,
(11)sharedUASB with leachangtrendh(for fewhouse-
holds),
(12)communalUASBlwith overfiowto shallowsewer
(for 20-50households),
(13)communal septic tank with overflow to shallow
sewer (for 20-50 households),
(14)conventionalses~erage(caty-wide, but wathout
treatment).

All design parameteri are selectedon the basis of
proven procedures and good engineering practices
(see for detail. Awananto, 1989). Septic tanksand
UASBs aredesagnedonhydraulicretentiontime af
flow rate as low, andon sludgeaccumulationrare if
flow rate is high UASBs are more effuciently de-
sagnedasreactorsandit as therefore logacal that they
consumelessspacethanseptictanks. It is acknowl-
edgedneverthelessthat m the presentstate,with still
linuted study on optamal design, at as difficult to
calculateafair cost.This costasbasedonanimproved
version of the fie)d testedreactorin Bandung(see
Section 351)

In densely populated unplannedareas spaceas
often so restramedthat at as physicallyampossableto
constructand/ormaanfaanspecifacon-sitefacilities. In
such cases this specifid typewill not befurtherenvas-
aged =

Ram water drains arenotconsidered;afsuhlageas to
beconveyedto outsadethekampung,it is thought that
at can be removed.aIong these drains. However, if
reactoreffluents containiïïgpathogensareto be re-
moved by a way other than leaching, the cost of
suutableopenor closeddraansor sewersis rncluded,

Thesealternataves~va11becomparédin aqualitative
way with otherpossabahataes,e g. on-satetreatmentof
grey waste waterin aUASB

e. Sewers and drains
The drain can bea stormdrain or small datchat the
sideof afootpath(Piérure 6). Sometimes the drain is
covered with concreteslab~Like thedrain,thesmall-
bore sewer should receave only the effhuent of on-site
systemsandsu1lage~s~ithoütclogging(largeor setiie-
able)materials.Pipedaaméteris 1011 or 150 mm with
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minimum slope t . 500; the papemay be completely
fihled (Picture 7). The shahiow sewercan also trans-
port settleablemaiter and needsregular flushang,
whichrequiresthat asmanyhotasesas possabheneed
to be connectedto provade for the flushangwaves
(Sinnatambyet al. 1986). Minimum diameteris 100
mm at a slopeof! : 167. Oneinspectionchamberor
manholefor 3-5 connectionsis requaredif average
water consumptionis above75 L/cap.d, otherwise
eachconnectaonneedsa grit/greasetrap.

In thecalculationthe correctsewertypeis apphied.
The following text, however, consastentlyuses the
term shallowsewerfor the sakeof brevity.

d. Water supply service leve!
The relation betweentap water consumedand the
productaonof blackandgreywastewateris discussed
in Chapter2. Sinceanincreasein waterconsumption
does not influencethe amountof black waste water
verymuch,an averageof 10 L/cap d is taken for the
design; this is asafeestamate.

e. Ground water and soil condition (four cases)
The ground water table deteraninesthe spread of
pathogensas well asthe dewaterangandcomposting
capacityof leachangpits Two extreme vahuesare
considered:above1 m(high water tabhe) and below5
m (low watertable).In thecaseof high watertablethe
maximumdepthfor theleachangpit is takenat 0.5 m
below the water table.

Soal stability determinesthe selectaonof thesiruc-
ture for a heachang pit which needs permeable side
wahls. Sometumeslinang is provadednot onhy to in-
creasestability, butalsoto amprovewatertaghtnessof,
for instance.septictanks.

Soal permeabihty data as requiredto calcuhatethe
leachingwall areaof the pit oi trench As extreme
valuesaretaken5 L/m2.d (poorpermeability) and20
L/m2d (goodpermeability).

Table4.1 Optimum desludging penod (years)

These data can becomhinedin four cases:theareabas
(1) how water table and high soil permeabilaty, (2) how
watertableandlQw soil permeabihity,(3) high water
tab[e and high soil permeabalaty, and (4) high water
table andhow soch permeabilaty. This latter case(4) is
kept Out of the study,since this combination is very
unhikelyandimplementangon-satesanitationsystems
would give very specific problems

f. Maintenance costs
An optimizationroutine as performedon desludging
frequency,as at competeswath investmentcost for
hargertanksor pits. The higher the desludgangfre-
quency,the smaller the tank. In the calculationNet
PresentValues arecalcuhatedon the basisof 20 year
operation

The annualcost for waterflushangand repair is
takenat 5%of constructaoncost.Desludgangcostsare
reahistacvaluesfojJakartaand thelargerIndonesian
cataes.Thecostfor off-site treatment(ancludingthick-
ening,safedasposalof supernatant,andcompostingor
timetreatmentof thepartiallydewateredsludge)is not
includedbecauseat as dafficult to assesswith preci-
sion, and becauseit may varyconsaderablyfrom one
regionto another;it amountsto 5-20%of TACH of a
technology.

4.3.3 Results =

A spreadsheetcalcuhationmodel was developedto
carry Out calculations. The model consastsof sax
dafferentanterconnectedtables,which pertain to de-
sign varaabhes,capacitydesign,unit prices,unit con-
structaoncosLanddesludgingcost The variablesof
areaserved,numberof households,numberof people
perhousehold,soil pernieabahity,groundwaterrable,
shudgeand black waste waterproduction,discount
rate,desludgangfrequency,andsewerhengthareused
asmputdatafor thefirst table.Unit pricesareput in the
price table as secondary variables
The exchangerate is Rp l6,000/US$.

Facilitycost

Discountrate(%)

RplO,000 JRpl5,000 Rp25,000

8 10 12 8 10 12 8 10 12

Single leach. pit
Double leachpit
lnd.septictank
UASB
lnd. Itned pit
IndUASB

4
2
3
1
4
2

4
1
3
1
4
2

4

1
3
1
4

2

5
2
3
1
4

2

5
1
3
1
4

2

5 -

1
3_
1
4

2

5
2
3
1
4

2

5
1
3

1
4

2

5
1
3

1
4

2
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a. Desludging optimization
For a septic tank, the Net PresentValue (NPV) of
desiudging(recurrent)cosilowersasymptoticaliywith
increasing desludging design period. TheNPV of the
constructioncost increasesalmosthnearly The total
NPV is minimal at 3 (say,2.5 to 35) yeardesludging
frequency.1f a leaching pit is considered, optimai
desludgingfrequencyis 4 to 5 year.

The above conctusionsdependon the discount
rateapplied.With ratesincreasingfrom 8 to 12%the
conclusionstend to shift to a somewhatlower fre-
quency,but in generaltheinfluenceis only marginal.
Generally,for leachingpits andlined pits penods tend
to be unexpectedlylong (4-5years);for septictanks
andUASBstheyareshorter.with 2-3years,whilst for
sharedfacilities desludgingshould take place more
often (oncea year).Table4.1 synthesizesthis infor-
mation.

Theseresults,aswell asthosefor theotheroptions,are
insertedin the calculation model.

Despitethe lower cost,householdsmayobject to
frequentdesludging.Onthe other handif desludging
becomestoo infrequent,a householdmay “forget”
aboutthe necessityof performingthis duty.

b.TotalAnnualCostperRousehold(TAQI) corn-
parison
The TACH values arethe basis fox the comparative
analysisof the differentoptions TACt-! will be split
into asmajor investmentcomponents (0 pour-flush
toilet, (ii) pit or tank,(iii) sewerordrain,(iv) leaching
system;in addition (v) 0 & M costsrelatedto water
use,desludging and repair are considered
Figui es 4.4a to 4.4d show the TACH values for 4
representativesituations

For a case 1 situation (low watei table, high soil
perrneability) with population densityof 175 cap/ha
(unpianned area) single and double leaching pits
doubtlessiyarecharacterizedby theleastTACH(Figure
4 4a). Double leaching pits are margrnally cheaper
thansinglepits.Theirtypical TACH is appRp 31,000/
hh. Systemslike septictankandUASB with aleach-
ing trencharealmosttwice asexpensive(Rp 52,000-
58,000).1f thegroundwaterneedsto be safeguarded
from pathogens,andthesetanksor reactorsareto be
connectedto an open drain or shallow/small-bore
sewer,TACH increasesfurtherto aroundRp 70,000.
UASB reactorsare8-10% cheaperthan septictank
options. Sharedfacilities areby Rp 5,000 (8-10%)
cheaperthanindividual units,with UASBsandseptic
tanksconnectedto leachingtrenchesTACH is around
Rp 50,000. It is dearthat the additional piping cost

docsnotovemdethegainontankcostdueto economy
of scale,despitethe relatively largç distancesto be
coveredin betweendwelliogs

The sharein the total of thecost componentsmay
differ considerably.Consinictioncost of septictank
andUASB takeup edethird of TACH (Rp 25,000-
30,000)in the caseof individual facilities, but this is
drastically lower (Rp 10,000-12,000)in the caseof
shared facilities. 1f a drainor sewernetworkneedsto
be constructed,approx Rp 10,000is required,whtch
formsonefifth of theTACH A trenchcostslessthan
Rp 5,000.In the caseof the cheaper pits, pit construc-
tion cost takes up ötie half to tw&thirds of TACI-!.
Desludging cost is considerable,exceptin thedouble
leachmg pit, and i[miy varyfrom Rp 4,000to 7,000.
Thein-houseexpendituremust be constant and amounts
to almostRp 7,000,a fourth to aneighth of TACTI.

Commuhalfacdities were not included the long
distances from dwellings to the facility would render
cheap sewer systems techrncally unfeasible.

Forthe same soil and water table condition bui very
high populationdensity (804 cap/ha),the numberof
technically feasibleoptionsis muchlower becauseof
the restrained space (Figure44b).A singleteachang
pit can still beprovidédif it can be constructed under
the dwelling (eg underthe kitchen) Systemswhich
involve aseparateledéhangtrench,or adoubleleach-
ing pit, can no longerbe accommodated.Tank over-
fiows needto becollectedvia opendrainsor shallow
sewers.Costrangesareonly slightly higherthanin the
previous case. Again;as a:consequenceof the restric-
ted space, it becomes technically diftïcult to provide
sufficiently sloping sewerpipes to convey the black
waste water from the houseto a sharedfacility; these
are therefore not considered

CommunalfacalitUeswerenot includedasno space
appearedto be cheaply available for constructing
them, andthecrowdednessof the areamade it techni-
cally unfeasibleto lay cheapstraight seweragefrom
the dwellings to thefacility

Figure4 4cgivestheTACH forThesamecase1 bui
in a plannedareawith high populationdensity(514
cap/ha). Leaching pits have samilar TACHas earlier
(aroundRp 30,000) 1f ground waterneeds to he
safeguardedfrompâtfiogens,costsaremarkedtyhigher
becauseof the kampung-wadedrainageor sewerage.
Linedpits with overfiow todrainorshallowsewereest
aroundRp 40,000 Individual UASB andseptictank
with overflow to drainor sewercosLaroundRp60,000,
the UASB beingapprox 8% cheaper(15% on con-
struction cost), they are only Rp 2,000to 4,000cheaper
thanin thecaseof arfunplannedarèawherelaying of
piping anddrainsis cumbersome.In plannedareasat
is easierto workon thepipe-laying,but distancesmay
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becomelonger.
Thecoststructureof thecommunaloptionsshows

tankcosisofonly 10%(Rp3,000to 5,000)of tankcost
in anindividuatoption.Only optionswith overflow to
shallowsewerareconsidered.Thesewerconnections
from the dwellings to the facitity makeup for almost
half of TACH.

Finally, Figure 4.4d depicts the casefor an un-
plannedareawaih populationdensity of 175 cap/ha
(like the first example),but now for case2 condition
(most difficult percolationconditions).The TACH
of all optionslies aL leastRp t 0,000higherthanunder
themostbeneficialcircumstancesof case1. TACH of
singleleachingpit is Rp 50,000andthatof thedouble
leaching pit even above Rp 60,000 Contraryto case1
conditions.all optionsusingleachingirenchesareby
Rp 10,000moreexpensavethanthoseusing drainsor
shallowsewersto removeeffluents.

As a general rule, the cost related to overftow
removal with an opendrain besRp 5,000 to 10,000
lowerthanwith ashallowsewer,this means8-10%of
theTACH.

An indicativeconstructionpricefor full sewerage,
including the provision of trunk sewersoutside the
kampung,is providedbasedonanestimatecitedby de
Kruijff (1985a).Ii should be notedthat this estimate
relieson simplified assumptionsthatarenot necessar-
ily fully compatiblewiih ihose of this study It is
certainly correctto saythat for 1988 conditaonsthe
given figureis an underestimateof theactuaLtcost.On
theotherhandoneshouldalsoreali7ethat thehighest
cost component is made up by the laterals necessary

;

1 HTT~TTTT
0 100 200 400 500 600 700 800 900

for the sewagecolleclion, anevitablythis will leadto
higher specific sewercost in unplanned“difficult”
areas than in planned ones.Thegraphsindicatein any
casethat exceptfor the high groundwatercondition
(Frgure4.4e) this sewerageoption is at leasttwice as
expensive as the (constructioncost)of the mostex-
pensiveon-sitealtemativë

c. Specific relations
Thespecific cost ofakam~iung-wide sewerage system
can be expectedto becomelower with ancreasing
populationdensilybecauseof reducingdistances;the
questionis, however,in how far the corresponding
increase in complexity and crowdedness of the area
overrides this effecL Fagure 45 describeshow the
constructionpartof TACH for septic tank, UASBand
lined pit with overfiow to shallow sewer (under case 1
conditions) dependson the kampung’s population
density. It appears that the cost per householdis
reducedunexpectedlyslowly for densitiesof � 300
cap/ha,underthis valuea small increasein density
leadsto considerablebenefitsDespiterapid decrease
of the specificcost fin the tankpart with increasing
population density, increasangsewercost partially
compensatesfor thisdecrease.A septictankoption is
always 12%more expensive than a UASB, whilst the
simple lined pit is some30% cheaperin construction

1f a selectionts made for a technologythat has to
remove mlernally (“treat”) as much as possible BOD,
then septic tank and UASB areclose competitors.
Table 42 highlights the main conclusionsfor both
optionsin functiorfoT populationdensityandapplied
scheme~andavidual or shared option, and ma commu-
nal option As said earlier, UASBs are generally
cheaper; this ef1~tTas pronouncedin the case of
communalsystems.It is also interestingto note that
the cost is drastically reducedby 50% or more when
shared and communal facalities are proposed.

The higher the population density, the morehouse-
holdscanshareonefacility For apopulationdensity
of 200, 300 and 400 cap/ha, the optimal number of
“connectable”househotdsis 5, 7 and 9 resp Above
400cap/ha,sharedfacilitiescanno longerservemore
than50-70%of thé fotal populatiob,in thekampung
condition. -

Thehigherthepopulationdensity.themorehouse-
hoids can be connectedto acoinmunal facalaty For
densities of 300-500.cap/ha up to 100% coverage is
possible;above500,coveragewill decrease.Number
of househoidsperfacility yariesfr5m 40at population
densityof 400 in an unplanned area, to even 110 at
population densityof 500 in a plannedarea. These

PopulationDensrty (cap/ha)

Flgure 4.5 Re1at~onbetween TACH~orshallow-sewered sanitation
optionsand poputatron densily In the caIcuIa~on, op~maluse is made
of shared and commurial facifities. Treatrnentoptîon (~)septictaninwith
shaltow sewer, (e) UASBwith shallow sewer, to) lined pit with shalow
sewer,
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Max Min Max Min

1,450 1,050 1,25(1 9~

1,950 1,350 1,650 1,300

2,500 1,850 2,100- 1,150

3,550 2,800 3.000 2,850

1,750 1,550 -- l,550 1,450
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Table 4.2 TACH lor septic tank and UA8B opitons in difterent schemes Cost excludes connéctionsand effluerii disposat.

System Size UASB SeptWtank Waste water type
(househotds) (Rp,’hh.yr) (Rp/hh.yr)

lndtvtdual 1 25,148 32,440 black
Shared 5-10 11,256 14,26d black
Commurial 20-40 5,525 9,Dfl’ grey

80-110 4,135 7,600~ grey

Table 4.3 Financial characteristiesof 5sanitationoptions Al costaare annual tinanoalor’market’ cosls,inciudinginvestmentand0& M costa.

System Construction Possibilitiesfor self-hetp

(Rp) Structure % Coristruction-

Singleleachingpit 156,650 PFtoilet2 33 un~kilLed 14 47
tabour

Doubteteachingpit 198.300 PFtoilet 25 unskilled 16 41
labour

Lined pit with opendrain 263,600 - - house conn 35-40 unskilled 12 47-52
PFtoilet mb for pit

SharedUASBwith leachingtrench 314,000 PFtoilet 17-20 ff unskiled 8 23-28
lab.for pit

Communal UASBwithshatlowsewer 253,650 grit trap 57 - 0 57
PFtoilet -

house conn

• Oiioiai
PF — pour-tiusu ioiini -

System Monthty payrnent1 -

loyear lsyear -

Min2

Single leaching pit 1,200

Double leaching pit 1,600

Lined pit with open drain 2,150

Shared UASB with leaching trench 3,250

Communal UASB with shallow sewer 1,750

in ihe brei yeur in subsequeni yours ihis paymeni must be adjusieci lor iniiaion. -

‘Mirr m’rnrnum payrneni in case ei maximum raito oissit-tieip. ‘Max” maximum paymeni in case ot Umlied soli-help

Max

1,150

1,550

2,000

2,900

1,450
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figures pertamto flat honzontal terrams;on sloping
terrainsthey maybe evenhigher

4.3.4 Financial and instltutlonal aspects

a. Possibilityofcommunity participation (self-help)
Communityparticipationshouldbeconsideredameans
to betterplan infrastructure,to reducethe monetary
cost to the consumersby exchangirigtheir monetary
contribution for labour, andto assistin operatmga
local institution that takescareof techmcalandfinan-
cial management.

Self-helpcmicontributeto consuuctionandmain-
tenanceof on-sitesanitationschemes.For thecaseof
an individual septictank winh overflow to a shallow
sewersystem, 14.6% of the total constructioncost
involved (Rp 50,000-60,000)consistsof unskilled
labour, that can be provided to lower the fmancial
cost.For otheroptionssimilar figuresarefound, but
leachingpits offer thebestperspectives.

In termsof operationandmaintenance,the poten-
tial of self-helpof thecommunityin thetotalexpendi-
lure is lesseasyto assesswith precision.Desludging,
as well as morespeciflémaintenance(masonry,pipe
connectionrepair, etc.) are to be consideredskilled
labour. However,partof regularmaintenance(clean-
ing and de-clogging)of sewersand drains can be
carnedOut by thecommunity.

b. Financialconsiderations
Fifteen financial cash-flow alternativeshavebeen
developed.Forlive sanitationsystemsselectedon the
basisof systemancgoodscoresin the TACH assess-
ment, theresultsaresynthesizedin Tahie 4 3. In this
approachthe possibility of self-help is also included
The Table assumesfurther that abanis madeavail-
ableat acheaprate(10%,arealistic valuefor socially
relevantloans in Indonesia)and that a 10% down-
paymentis required(this is arelatively“hard”require-
ment).

From thecash-flowanatysistheminimummonthly
payment is deduced., which is required to cover all
expendituresat thegiven momentsThis is doneby a
trial anderrorprocedureintroducingvarymgmonthly
paymentsin the spreadsheetprogiamme until the
cashllow flis. From thc 5 alternativesthat systemati-
cally score with the lowest TACH, the single leachmg
pit is financially most attractive. Thedouble teaching
pit andthe communalUASB offeraserviceatacorn-
petitive price (intermsof monthly payment)whichis
about20% higher

From the financial point of view and within our set
of assumptions. only these systems are financially af-
fordable: additional preconditionsai e possibility for

cross-subsidization, ow interest loans (maximally
10% interest rate),optimal community participation

andgoodinstitutioHaliorgaiiisationwithin thecommu-
nity andlocal government.

A reahsticincomedistributionfor enurbancontext
in Indonestais givenffi Table4.4.Fciëusingonmonthly
incomestrata of Rp 50,000-70,000(i.e thus covenng
threequartersof the total urbanpopulation,andpre-
sumablyhalfof the“liampungdwellers”),andassum-
ing cross-subsidizath3nfrom higher incomestratato
lowerincomestrata,anaffordablepaymentcanbees-
tirnatedto be Rp 1,200-1,800(ie. 2-3%of income).
From Table4.3 It appearsthat thesingleand double
leachingpit, and the communal UASB are then to
be considered affordable The leaching pit is moie
appropnatefor lower density areas,and provided
percolationis smooth,whilst the communal UASBis
better stated for higher density areas, particularly if
effluent percolationis either difficult om unwanted
(protectionT of sbal1os~’wells).

Table 4.4 Typical monthly incorne distribubon in Indonestan urban
areas, according to two surv~ys(in Hp) (1-1E, AOW and St ~orromeus,
1989) =

Percentile
eaming
lessthan

Surabaya,Solo, -

Semamng1986resuits
adjustadfor1088

-

Bandung
1987 results

15% 45,000’ T
--

25% 60,000 -

35% 80,000’ - 60,000
5007e 120,00 -

70% 180,000 200,000

The financial data that are generatedare, clearly,
dependenton vanationsin timeandplaceof the basic
costafor material,skilled andunskilledlabour Rela-
tive fluctuationsmayshift the price comparisons,as
theywerepresentedin Figure 4.4.

From the calculaiiöns,the retative cost contribu-
lions of theproductionfactorscanbededucted andcan
be used to get mi insight into the mfluence of altera-
tions in pricelevels.This is ilbustratedin Figure 4 6.

4.4 Cost-efflclencyassessment of the treatment

The efficiency of the freatment process applied in the
different sanitation programmes can bemeasuredin
termsof removalof oxy~enconstiming substances
and pathogens. Onecanalib envisageto includeother
waterquality parametérs, bot in thiscontext this is of
bittie value
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4.4.1 Oxygen consumlng substances
Most sanitation schemes equate health risk with pa-
thogens and thos with black waste water. This ap-
proach has na partecular value and emphasizesa
publicheatthstrategy(minimizinglocalhealthrisk). It
attachesless priority to two conisequences,of which
the secondis of particular relevance:
— black wastewater andsullage have a high BOD
content;if blackwastewateris percobatedinto thesoil,
and sullage left untreated,the latter will stressthe
receiving aquous environment as its BOD bad is
comparable and sometimes higher than that of black
waste water. Reported lands foi black wastewaterare
15 (USA) -25 (Asian countries) g BOD/cap.d, and for

sullage 5 (10w water consumption, some 40 L/cap d) -

20(urbanlndonesia,waterconsumption120L/cap.d)-

35 (urban USA, waterconsurnption300 L/cap.d)
g BOD/cap d
— in many situationsprionty is attributed to waste
percolationinto the soil overthesafeguardingof the
shabbowground water(assuming,possibbywrongly,
that the additional cost for surfac e management of the
waste water is higherthan thecost to the societyof
providing watersupply to the poorer areas).1f this
priority would be reversed,it would meenthat both
wastewaterfbowsshouldpreferablybetreatedon-site
in orderto removeasmuchaspossiblecontaminants
beforeconveyingthem to a receivingwaterbody,or
re-using hem.1-leretheBOD removalefficiencyof a
treatmentprocessis of smportance.

In Chapter3 the performance of reactors on this
parameteris describcd.Figui e4 7 correlatestheeffi-
ciency on this parameter with the cost.

UASBshave a dear advantage over scptic tanks, pai-
ticularly if theyareappliedasenon-site“mini” orpre-
treatmentplant fdr the grey wastewater, beforeit is
conveyedinadrainorsewerto areceivingwaterbody.

In otherwordsaif theoverall strategyis orientated
towards ground water protection and environmental
protection,then the UASB can±econsidereda treat-
ment process pfo~er, although its efficiency is too 10w
to make it a complete treatment.

Septic tanks ale basicablygood settling facilities
that also perform reasonably well in BODremoval
from heavily loaded black waste water, but they would
fail for treatingniorenhbutegrey water.

4.4.2 Pathogens
None of the considered treatrnent facilities hasagood
removal rate (a99.9999%)for pathogenic virusesor
bacteri& Any si~iific~ntremoi,’al in on-site options
takes piece aan consequence of soil infiltration. The
UASB, however, ~howsreasonably good performance
with regardto removal of the (settleable)ova of
helminths,notablyif only blackwastewateris trcated
(RIVM, AUW andSLEonomdas,1988).This aspect
will be discussecfin greater detail in Secrion5.3.4.

Consequently,UASB “treatment” is not abie to
meetstrmgentstandardsHowever,it shouldbe noted
that no alternativé is availabie that does.

4.5 Conciusions

Conclusionsarebasedon the outcomeof the siinula-
tion study descfibed above, and their vabidity shduld
thereforebe judged in the light of the used assump-
tions

UASB CONSTRUCTION COST
(In percentage)

MATE RIA LS

UNSKILLED )
LABOUR

SKI LLED
LABOUR

UASB TANK

TOTAL CONSTRUCTION COST

PF TOILET

LEACH ING
TRENCH

Agure 4.6 Fbelalive conlnbutons to constructions cost lor an individual or shared UASB, and lor a total on-site sarstation system will-t a UASB
tank.
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3. The double leaching pit is financially feasibleif
populationdensityis beiow200cap/hafor unpbanned
and 400 cap/ha for planned area Desludging is re-

quiredeveryyear.
Strong technical unter-indica ons are (i) me-

diumto highpopulatidndensities,(ii) high watertable
________ ________ ________ and(sii) poorsoil permeability.

4. Septictanksareaf~vâysrelativelyexpensive(TACH
of Rp 60,000-80,000).Individuai UASBs arealways
typically 15-25%cheâperon TACH (parnly because
they need a smaller quantity of building materialsl

thanseptictanks,buttheyfull neverthelessm thesame
higher pnice categor3î Lined pits also function as
septictank, but are cheaper than these Best desludg-
ingfrequencyis oncedvery2, 3and4yearfor UASB,
septictank andisnedpit, respectively

5. 1f ovcrflow from se~ttctankor UASBis percolated
into the soil, costaareiisuallytypically 5-10%bower
than when it is rënfo~vedthroughen opendrain or

________ ________ shallowsewersystem.Cienerally speakingthereare
always fmancially and otherwesemore compentive
opnons avaulabbe.Leaching trenchescannotbe ap-
plsedanybongerforhigherpopulationdensities.Leach-

25 50 75 lOO ~ ~:~~arh1antar of contamintatingthe shalbow

6. Community partici~5ationmayexiëndto:
— providing somein-Isousestructuralelements,and
unskilled labour for the construction of the facitity
itself, as well as fosi house connections, beaching
nrench, and possibly the drainandshalbowsewer;
— mamtenanceof the facility itself, andof the drain
and shallow seweri(avat{able, m ad.dition owners
must be weil-nionivated and possibly trainedto make
themawareof theimportanceof theappropnate use of

the facihty andof its règubardesludging.

1. A detailed on-sitesanitationsimulationstudywas
camedout in en urban and semi-urbancontext to
investigate(i) whichon-siteoptionscan beidentified
as being technicalbyappropniate,(tij which on-site
options can be identified as economically feasible,
(iii) which uptionscanbeidentified astinancially af-
fordable, and(iv) whetherUASB technologyhasa
functionin this perspective.

This simulation is performedon Indonesiantest-
cases,thatarethoughtto berepresentativefor Jndone-
sta,aswell as, in principbe,for mostsimilarurbanand
semi-urbansettmgs in other devebopingcountnies.
Thestudyis “township-centered,”calculatingall costs
for different sanitationstrategiesincunedwithin the
physical boundaries of the township.

Individual systems

2. Singleleachingpits arealwaysat thecheapestside
of the alternatives with TACH of Rp 30,000-50,000
dependingon conditions,andmonthly downpayment
requirement of typically Rp 1,200. Even in the most

500

densely populated areas (= 800cap/ha)pins couldstil!
be constructedunderneath existing structures. The
goed financualperformanceis re(ated to a high degree
of possiblecomrnunity partscipation (up to 33% of
total constructioncost).Thepit is also a very rebiable
andfoob-prooftechnology. —

Counter-indicansonsare (i) very high population
density becauseof lack of accessabihtyto remove
sbudge,althoughthis should not be donemore often
than every4-6 year,(is) poor soil permeabiluty,and
(iii) thecontaminationof shalbowgroundwater.

The Indien experiénceof SulabhInt (Sinhaand
Ghosh, 1990) howevn, shows single leaching pits
often faib because oviners dishke removing the wet
sludge.Double pits prove to bemore appealing.

400

300
0.ix

~ 200
§
~l00

0

Septic
tank
ffilack)

UASB
(Black)

UASB
(Combined)

-
•_-..
• S

.
S
S
S

us ~a
• 5 Leaching
S •5P~t S
• •a,.~\ •

1~II---ïI~
0

Removal eft on BOD(1.)
(for total household production)

cost corirubutions of 1 1 1 Pit or Tank
PF Toilet

Figure 4.7 Cost-etliciency relaflon as expressed in terms ot net
rernoval of BOD lor (1) the UASBthat treats only black waste water, (e)
the UASBthat treals all household wasne water, (le) the septic tank that
treats only black waste water, and (lv) the leachi ig pil recelvlng black
waste water The mentioned costs are oniy indicative as they are de-
persdent on e nurnber ol input values, such as Interest, relalive costs ol
labour, matenals, etc.
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Shared facilitles (S-tO households)

7. SharedUASBsandseptictanksystemsare,every-
thing taken intu account,onby 1 f)% cheaperonTACH
than their individual ussues.The gain in tankconstruc-
tion costis partbycumpensatedby the additionalcost
of the sewerage.They arestiJl 40-50%more expen-
sive than single leaching pit systems

8. Communsty partucipation may extend to:
— the relativeby limited possib!iry of providing labour
andstructuralebements(pour-flushtoilet),
— in the kampung,or at leastm theclosenesghbour-
hood. the maintenanceof the sewerconnection(de-
clogging)andof the tank, as well as organising the
timely desludging. Given the small size of the circie of
owners(5-10), it will not be necessaryor possibbeto
set up a somewhat furmal organisationfor this latten
purpose,drainandsewermaintenanceneedsacertain
degreeof furmalorganisationundertheresponsibility
of the village or neighbourhoodheadman.

Communalfacilities (20-110households)

9. The scaleeffect of mcreasmgthe numberof con-
nectedhousehobdsfrom 20 to 110 is modest,with a
gaun (in TACH) of 15% for UASBsystems and 18%
for septic tanks.The number of clweblinigs that can be
servedby oneunit is bimitedby themaxumab“afford-
abbe” length of shalbowsewerbetweenthedwelling
and the unit.

However, at population densitues below 200 and
above 600cap/ha conimunal systems may financuabby
not be effective.

10. The communab UASBis on TACH 3 no 20%more
expensivethan the single leachungpit, communal
septictanksare 16 to 37% more expensivethan the
communal UASB. UASBs are again cheaper than
septictanks.

For the communal UASB, the cost is made up for

onby one fifth by the reactorandtwo thsrds by the
wastewatercollectsonsystem(sliallow sewer,house
connection.grit trap) Becauseof a high portiun of
possibleself-help (up to 57% of total construction
cost) the overall financial picture of the communal
UASI3 is attractive ascompared to that of alterna-
tives and makesthis option affordable. Biogascmi
probablynot berecoveredand usedin en economi-
cally attractive and safe way.

11. Communabfacilities havethe speesficadvantage
that they cnn be bocatednear arm accessroad. thus
greatlyfaculutatingdesbudgtng

12. Communstyparticipationmay extendto:
— provisson of somein-housestructuralelements,
and, in particularfor UASB basedsystems,unskilbed
babour (house connectiulon, grit trap, etc.);
— in the kampung, the maintenance of the sewer
connectson(de-clogging)andof the tank, as well as
organising the tiTjnelydçaludgmg.Given the fairly
largesizeof the cercleof owners,in will benecessary
to setup asomewhanformalorganisationfor this latter
purpose;drainandsewermaintenanceneedsasimilar
degreeof formalorganisationundertheresponsibility
of the village or neighbourhoodheadmanin cbose
cooperation with theauthonitiesresponsible for Public
Works andPublic Heabth.

Sumilarly, it canb~argued that the local formal organ-
isation in fact reJiresents a considerable unstiwtional
advantage, that may detemune the eventual success of
the sanitation programme.It is commonexpenience
that it takesmuch pain to motivate house owners to
invest in on-site sanitation, even in a cheap furm.

To ensure proper uséof it in the long run it maybe
consideredart even &reater task given the general
reluctance to deal with waste. Motivation and control
of facility holderslie wuth local or provincialauthoni—
ties who are not capable of individually addressmg all
owners. However,ifa community (karnpung or neigh-
bourhood)couldorganiseitself undertheguidanceof
the local authority,andappoint (andprovideasmall
feefor) apart-timecaretakerfrom their own circie, the
authority would h~veto deal with only one represen-
tative for every bOO households.In addition,an ap-
pointee cnn be better held accountable, both by the
community that ~ays him and by the responsible
authority.

Environmental protection

13. Most on-site sanitation programmes are defined
by the public healihstrategy th@t aims at removing
pathogens from the direct bivungenvironmentby per-
colatmg the black wa.ste- wateL into the sosl. This
strategy gives no pniority to shiallow ground water
protection nor to environmentalprotection because
the drainedsullagecarriesmore BOD bad than the
black waste water

TheUASB treaiunggrey waste water,for exaniple
in a programme where waste water is no longer al-
lowed to percolate into the soil, is in terms of cust-
efficiency (onBOL) removal) farmoreattractuvethan
any other abternative.In couldpossibly play a role as
local pre-treatment before its effluent is further con-
veyed to more adva.nced treatmentor a re-use scheme
(irnigation, fish poiids) An e.ssennabprerequisitefor
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success is in that case of course a siringently applsed - -

desludgingandmaintenançeof the numeroussmall
reactors.

Noneof the treatment aitemativesremovespatho-
genic viruses or bacteria in sufficient amounts. The
IJASB removesfairly well helminth ova, betterthan -

other treatment altematuves. As stated before, this
meansthat specialresnrictuonsmughi be necessaryfor
the disposabof the sludge. -

14. Thenovel option of townshup basedsystemsusing -

UASBs will be further discussedin Section62.
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5 Anaerobic Waste Water Treatment at Off-site Scale

5.1 Introductlon

5.1.1 Thesewage treatment
In the case of on-site treatment, the treatment process
assuch is onby aminor andless contrullable partof a
moreeomprehensiveprogramme.Whendealingwsth
off-site treatment.the treatrnentprocessbecomesan
important link in the chain of activuties.It becomes
possible to manageandoptimize the treatmentproc-
ess.As a consequence,this chapterwill concentrate
on the treatmentassuch,more so than was the case in

the previous~hapter
As descrubed in Chapter2, the wasnewaterof (part

of) the city may becollectedin aseweragesystemand
transported to en off-site facility where centralused
treatment and disposab can take place Centralisation
is assumedto bring abouthigherefficuencythanksto
bottermanagement,as well asbowerunst costsdueto
economiesof scale.On the other hand,sewerageus
very expensive(at least of the same order of magnu-
tude as complete treatment). Centrabisedtreatment
providesmaximum control over waste water fiows,
the removalof specit9ed waste water components up
to given snandards, the handling of ssde-products like
sludges,and the eventualdispdsalof end-products.
This is of particularrelevancein re useschemes

5.1.2 The sewagecollection
Thewastewatercollectedby separatesewersusuatly
contains the domestsc grey waste water plus industrial
and tradeeffluents (for example from laundrettes,
shops, household indiustries, garages and service sta-
tions, and small workshops). Combined sewers may
alsocarrylarge amounts of ram water as well as urban
run-off, the latten sometumes containing high concen-
trations of suspended andsettleablematterlike sand.
Due to the irregular water flow in the combined sewer,
pollutantconcentrations(notablyBOD, COD,settle-
ablematter)asregisterecjat the treatmentplant’s inlet
varyconsiderabby(with factors2 to 10) within short
periods(0.5 to afew hours).

In both cases(separateand combinedsewerage)
groundwater may seepinto thesewerandbe trans-
ported to the treatmentplant, leadung to pollutant
dilution Conversely, al the ground water table ties
bebow asewerwhich is not waterteght,wastewater
maypercolateinno thesoul.

Any treatment faciluty will have to be carefully
sited and sized in funëtionofanuniberof considera-
tuons which take full account of the effects of the sewer
system. From a finalicial-economucpoint of view,
optimal site andsize will be determined za. by the
combined cost — asthe forrn of a Net PresentValue—

of the sewerageplus the complete treatment facibity
plus the land cost. In the case ofdecentrabised treatment,
ce not too far from the placeof wastewaterproduc-
tion (atownsbiporcutyquarter),ut shouldbebornein
mmd that the plant’s effluent must be conducted
through transport pipés or drains to the point of dis-
charge, thusaddingalso to thecost.

5.2 Criteria for selecting off-site treatment
reactortyp~

This Section outlineslthe criteria. which relate to the
determinantsbrouglit.forward in Chapter2, which a
waste water treatmenut process has to meet in orderto
be feasible. These criteria will be used to denermine
under whuch condit.iohs lazge-scalehigh-rate anaero-
bic reactors are certipétitivë with existing treatment al-
tematives, or in how far they provude solutions for
problematic situations that have been left without

adequateanswersup to now
Feasibulitymeansin generalterms that a plant is~

i) efticient if the basic performance of theplant is
suchthatthe desiredéffluëntquality can beachieved
at reasonable cost;
ii) effective: uf the plant can operate satisfactorily and
consistently meet the required effluent criteria under
normal working conditions,whsch vary as aconse-
q’uenceof thedynamicsof thewastewatercollection
andtransportationnetworlç
iii)reliahle. uf the rlant is not likely no be severely
dustsirbedby unfrequentextremeworkingconditions,
like hydraulic,organkandtoxic shockloads,or occa-
sional faulty operation,
iv)technically manageable-if the normal operation
andmaintenance can be carruedout wuthoutextensive
or complicanedmeaxures(specialistassistance,long
overhaulperiods,sophusticatedinstrumentation).

Within the purpose of this study, these general terms
aretranslatedinto mpre operationalcnteria.
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1 Environrnental feasibility
(Discussedin Section53)

The nreatmentprocessselectedwill have to meet a
deFunedeffluentqualuty,accordingto standardssetby
nationalenvironmental,watermanagementor public
healthauthorities.The clischargestandardsas deter-
minants for en environmental feasubibity have been
discussed in Section2.5.Further,It must be possible to
disposeof producedsludge.

2. Reliability
(Discussedin Section5.4)

It mustbepossubleto designthe plantfor specifiedef-
fluenn quality, so that the plant is not sensituve to
normalvanationsin workingconditions(asmeasured
in effluent quality changes), that the plant’s operation
is not lukely to bedisuurbedby infrequent yen normal
extremeworking conditions, and that, when ut has
suffered damage, ut is fairly easyto repauror restart.

3. Institutional andtechnicalmanageability
(Discussedin 5crdon 5.5)

In developingcounnriesfew govemmentalagencies
arefamiliarwith wastewatermanagement.In orderno
plan.design,construct,operate.maintainandfinance
wastewatertreatmentfacileties,appropruatesectoral
institutions have to be developed. These may be bo-
catedwithin local or regional government,waterre-
sourcesor niver basin authorities,or public utilinies
corporatuonsOtherinfluentialgroupsof actorsarethe
contracnors,the professionalassocuatuons,the educa-
tionab system, and the scientists and technobogists
Newtechnologieswill rely more heavulyon the qual-
ity of thosegroups,but generallyspeakingtheur fa-
miliarmty with wastewatermanagementis only bow to
fair in developungcountries.

Feasibletreatmentnechnobogiesshould be farrly
simple to operateandmainnarn, even under more
extremeworking conditions Operation also covers
the management of possibbe side-products like sludges
The more reliable and msensutive(to variations in
workingconditions)atechnobogyis, theeasierits op-
erationbecomes.

4 Cost and financial sustainability
(Discussedin Section5 6)

Thebowerthe economucandfinancial costs,themore
attractuve a treatment technobogy is when compared
with alternativeoptions

However,eventhe lowestcost option maynot be
financially sustainable.as this is determinedby the
reeavailabulityof fundsdeterminedby e.g the capac-
ity andwullingnessof theservedpopubationto payfor
the service. The goal of urban infrastructure provision

shouldbefull cost-recovery,thoughthismayneedthe
introductionof sjuecualfmancmgschemes.involving
eg. cross-subsidization,revolvingfundsandthe ure
of labourprovidedfor freeby thecommunity.There-
fore,only technologiesthatmeçtthesecriteria,eg.by
altowmg phasedinvestmenn,cmi be consuderedfea-
s±be. - -

5 Possibleapplication in re-use schemes
It was snatedin Chapter 1 that re-useof partially
trealedwastewater could in the future gain impor-
tance in developingcountries.Re-usecovers land
application (sewa~e farming), a~uaculture and piscie-
ulture Dependungon the situation, the wastewater
will haveto meenspecificquabity requirements.The
opportunitiesof iunaerobictreatmentin this respect
will be discussedin Chaprer6.

In the forthcoming Sections, the above mentioned
criteria will bi âp~ibiédon waste water treatment
processes,andthesignificanceafanaerobjcprocesses
will be analysed.~

5.3 Envlronmental feasibility

Tahle5 1 synthesuzesthequalutyparametersfor weak,
medium-strength;and strong sewage or grey waste
water. As rough tigures, these values cmi be thought
representanuve fofmost countrue5 around the world.

Table 5.1 Characteristicsof rawwaste water(in mg/L)(Metcaltmd
Eddy,1984) - -

Weak Medu~m Strong

BOD liG 220 400 --

TSS 1OG 200 350
Nkj 20 40 85
Ntot 20 40 85
P 4 8 15
Faecatcnli ïae/l00 mL 1 O~/l 00 mL 1oe,100 mL

Table52 providestypicabvaluesfor the efficuencyof
the most frequently used “proven” technobogiesfor
sewage treanment. The vabues mentioned are aver-
ages. More details on sçlecned treatinent technotogies
can be found in Appendix1 !erf’ormancedataof
anaerobicreactors1onsewagewasdescribedin Tahie
32.

Thepurification(rémoval)efficiencyofa wastewater
treatmentprocessis descnibedusungwater quality
parametersaslusted in Section2.5.Removal of BOD
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(or COD). Kjeldahl-nitrogen(Nkj), suspendedsolids
(TSS)andpathogenswill bereviewedin thefôllowing
subsections.In Section 53J averageefficiencies,
their varianceandpercentile-vatuesarediscussed.

5.3.1 Oxygenconsumingsubstances:BOD andCOD

a. Eftïciencyandeffectivity of aerobicprocesses
Generallyspeaking,plant effluent valuesarethought
of by legislators and designers as zin averagevalue
with a small variance. However, affected by tempo-
rary processdeviations inside the reactor, and by
changesat the mfluent side of the plant (sewerage
dynamucs),large fluctuations in effiuent quhlity do
occur. Trentelman(1981) evaluatedthe statistical
characteristicsof 80 operituon years of 42 Duiih
activatedsludge plants(mcludingosidationditches)
andtrickling filters. The effluent qualuty valuesex-
pressedasBOD, COD,or any other quality parameter
of full-scaleplantsaredistributedaccordingto anon-
Gaussiandistributionpatnernwhichis stronglyskewed
to the highervalues. It appearsthereforeuseful to
disttnguishbetweenaverageandmedianvaluesfor
effluent quabity.

1 —Arceivaia (1981t
2— Meicait and Eddy (1984i
3- STOHA (1988)
4 Ministerie van de Vtaamsa Gemeenschap (1985)
5— Wijihuizen and Wehssen t1983)
6— Arihur (1983)

Figure 5.1 mdicatesiiie relationbenweenthe yearly
- ~‘erâg&iOD valiiie7iom 80 operanionyearsof well-
functioningactivat?d.sludgeandoxidation ditches
<basedon analysesof dail)~averagesamples),andthe
BOD-percentiles.The averagealways falls between
the 60- and70-percentile,stressmgthe pronounced
right-skewednessA 95-percentilevalue meansthat
this value will be exceededin 5% of the cases(or
dunng 18 days of a year), ut cmi be seenthat these
valuesare markedly higher than the averagesand
meduansFor example,if the BOD averageof en
effluentis 15 mg/L, the sameeffluentwill in 20% of
thecases(73daysper~’ear)carryaBODof2l mg/L or
higher, and 18 dayseven 35 mgfL or hugher. Con-
versely,if legislationsetsmaximumeffluentBOD at
20mg/L, plantd&sf&n iueecfitob&suéhthattheaverage
(expected)effluent BOD ii 8 mgfli, sucha measure
would be a technically severe(andexpensive)stan-
dard, but would snill fmpl~ violatioii of this standard
dunng5% of the dâyi.

The varianceonpel-formance of trickling filters is
even more pronounced, particularly of mstallations
with a medium to hi&h volumenricboading.This is a
remarknypical for trickling filtersin genëral,butit wiW

Table 5.2 Pertormanceot majorconventionalwastewatertreatmenttechruotogies.Valuesaratobeunderstoodastypucolaverageste al cases
pertorniancecanbegreat(y infuenced by proceasniodificationsandtoading rates,temperature,wastewatercharactenstics,etc.

Removal
(%)

Effluent
TSS

mg/L

Gast ~S(udge-

proddôltion productiuii

tJ(mp day) 1g DM/
kg BODremoved

lief.

BOD NKj Nm P

Pilmarysedimentation 20-30 15-20 0 - - - - - 1,2

Activatedsludge: HIgh bad
Low(oad

90
95

25
75

30
55

30
45

25
10

17-35 0.9-1.0
20 1 0.5-01

1,2, 3
1,2,3

Ox(dat(onditch 95-98 80-90 50-70 10-20 10-15 0 1~ 0.3 1,2,3

Tncklingfitter Hightoad
Lowload

80
90

20-35
60-80

25
35

-

-

45
25

14 - 1 0S -

- 0.4
2,3

2,3

Rotatingbiological contactor 90-95 50-75 - - - - ‘- 0.6 — 4, 5

Aerated(egoon 70-80 - - - - 0 1 £.03-0.0&
m5/cap.year

1.2

Pondssystem** 80-90 - 50-90 - 50-75%

removal
0 0.03-0.08

m3/capyour
1. 2, 6

±85% CH in case alanaaibbic di~suionof exddss siudge
Pan âf atuh nuurlensl~aM’t~Sa iransformee (li~algae.
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be more pronounced mmoderate chmate zones, as the
filter efficiency tends to be very sensitiv& no low
(winter) temperatures.In winter time, nitrification
usuallycomesto ahalt

Little mfonnatuonis availableon the predictabilityof
theeffluent of wastestabilization ponds. Jurgensen
(1982) reports about a xtatisticalanalysisof concen-
trations in unaeratedthree-stagepond effluents in
Schieswig-Holstein(W-Germany) A meduanvalue
for BOD of 7 mg/L is combinedwith enaverageof 9
mgfL and a 80-percentiJeof 15 mg/L. The mfluent
BOD wasgenerallylow but wasvery vanable.aver-
agewas179mg/Lwith standarddeviationc= 230mg/
L. Obviously the ponds are fairly accurately dumen-
sionedandwelI-operated,guventhe low andconstant
effluent concentrationsand then narrow margins In is
unlukely that sumular goedresuitswill befoundfor all
ponds in other countries. In West-Germanyponds
perforrnedsystematicallybetterthan othersystems.

It should be understoodthat all of the aboveper-
tains exclusively to treatmentplants under normal
operationcondittons,that is, wuthomussionof periods
of malfunctionmg(bulking sludge,mechanicalfail-

»ree’. Sas’. X~.

e

H

a_/~~:

///~47~_
ie_‘__ 1

~nni,C175m11i

ure), ortaking into accountsorm water overflqws -
(duringraineventsexcessuvewaterin combmedsew-
eragè by-passes the treatmentplant). “Malfunction-
ing” maypertainioafew daysor afew weeksyearly.
It can thereforebecoricludedthataerobic treatment,
thoughreliable,mayuji fact belesseffectuvethancan
be deduced from conventional average performance
fugures. -

b. Efficiency and effectivity ofanaerobicprocesses
The advantageous position of high-rate anaerobic
processes,as exettiplified by the UASB, is illustrated
mFigure 52 whereaverageefficiency on BOD re-
moval is setOut âgainsttherequiredhydraulucreten-
tion time (HRT) - The HRT is ameasurefor reactor
volumeandnhusanindication of capitalcost(thoqgh
it is acknowledgédthat the high-ranesystemis basi-
callyacuvulengineeringconstruction,andthelow-rate
lagoonoptionsarecheapon theconstructionsidebut
needmuchsurface),the graphrepresentsthereforea
cost-effectivutyrelationship All mentionedcompeti-
tive systemsarek.nownastypucal“low-cost” options~
singleanaerobucponds,lagoons(charmels)with tloat-
ingaquaticmacrdphytes(FAM), seriesof lagoonsand
stabilization ponds.A weil-designedandweti-oper-
ateuianaerQbicreactorappearsver)’ attractive;effi-
ciencyis lumutedby aceilmgvalue,but it is substanual
andachievedataveryshortHRT. FAM lagoonsneed
en intenneduateHRT for a somewhathigher effe-
ciencybutstudiesreportvariableresults.Snalbilization
pondsyield the best and most reluable results at the
expeTïsè of very high HRT (typically 20 days or
longer). -

Very few reports that discuss performance of
anaerobic reactors provide sufficient data to arrive at
a sufficiently completè analysisof the varuance on

theureffluentqua[ity
An availablesi~tof dataresuits from the UASB

pilot plant studyin Cali, Colombia(Haskonung,AUW
and Emcalu, 1989). Effluent quality frequincy distii-
butuon is characîemizedby consuderable variance, and
strongly skewecLto the rught (to the high values).
Removalefficiencues,ôn thecontrary,areskewedto
theleft (tothelower values);this irnplies that averages
on efficiency yield lower numerical values thanmedians
do Despute the cominon tendency to look rather at
averages than at inedian values, ut is acceptableto
consuder medians, as these are values that aremetor
achueved in 50% of the cases (here, in 50% of the
effluennsamples,eachmduvudualsamplein principle
bemgexpecredto mee the standard) On the other
handin should be noted that in the describedcase
week-averagedsamplesare usecL which in itself will
tend to flatten out extremes.The mentuonedreport
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Fl9ure5.1 Relabonbetweenyear(y averageand percerutilesof
e(fluentBOD. n is thenumberof operation-yearsandernormaL undis-
lurbedoperation.Pertainstoactivatedsludgeandoxidaflonditch p(ants
in TheNetherlands.(Trenthlrnan,1981).
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Figure 5.3 BOD effluent of the UAS? pilot plant in Cali, Colombia(Haskoning, AUW and Emcali t~9)
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claims an averageBOD removaleffTiciency of app.
77%, yet theactualvaluesrange from 40 to 90%with
the medianaround80%. COD removalvaluesrange
from 30 to 85%.with themedianaround64%,andthe
averagearound60% Thereactorproducedaneffluent
with aBODconcentrationrangingfrom 10to 130mg/
L. with the median around45 mgfL, influent BOD
concentrationfluctuatedaround200mg/L.

Figures5,3 and5.4 showthefrequencydistributions
of the week-averagedBOD concentrationand the
correspondingremovalefflciency for the described
caseThehigh vananceon the reactor’sperformance
is borneOut.Thevariancecouldbein this case retated
to the fact that data pertain to sewagefrom two
different sewers.There is reasonto behevethat the
observedbehaviouris to someextent typical for an-
aerobiconce-throughreactors(UASB andanaerobic
filter). Aerobicreactors.on thecontrary, featurecon-
siderablerecyclefiows, creatingretativelyintensive
mixingoffresh(pre-settied)andalreadytreatedwater,
their results are also flatteredby the fact that they
commonlycomprisethreesteps(primary sedimenta-
non, aeration, secondarysedimentation).Nonethe-
less,thereis certainlyascopefor improvementof the
consistencyof resultsof anaerobicreactorsas both
designandoperationcan stili beoptimized

The expenencewith the reactorin Kanpur,India., is
still too limited to allow for astatisticaltreatment,but
underthe presentcondinonsrelative standarddevia-
tion on effluentquality can be estimatedfor BOD at
12% aroundanaverageof 50 mgfL, andfor CODat
15% aroundma averageof 160 mg/L (Alaertset al,
1989). Therecentresuitsover 1990showasustained
averageeffluentquality of 40 mg BODIL. The values
pertain to experimentalcondiuonswithout diumal
How fluctuation,butwith irregularhalting andchang-
ing of How.This reactorcould thuspossibly achieve
betterresuitsin termsof moreconstanteffluentquality
than the (smaller)Cali plant.

From Table 5.3 it appearsthat reporting on the
performanceof the UASBshasbeenup to nowsome-
what too negatively formulated, by using average
rather than median values. Further, as will be con-
cludedlater, the averageeffluent quatity anaerobic
technologies yield in one single step is usually above
standards, thus necessitating a post-treatment, this
will certainly lead to a significantreductionof the
variance omeifluent quality.

Comparisonof Tables52 and3 2with regardto BOD
removal efficiencies shows that smgle-step anaerobic
reactors,at leastsri the UASBmode. fali 10-20% short

Table 5.3 Syntheiis of typlcal ctata illustrating vanability in BOD
remova of 3 treahrtent tedhnologies.

Technology(Loadfng) - BOD-Effluent(mg/L)

Average Median )Ç

Act sludge
(01 kgBOD/k9MLS&d) B - 7 12

Tricklingfilter(lûdap/rn
3) 23 2D 3D

UASBCa1(6hHRT) 34 - 32 42

1 Activated siudge and trldding hier data pertain to siiuailon rn The Neiher-
landSin the ievëtiltedifTreniein,an, 1981)

au~sedata frorwalorW-ierm demoralraion piant aiudy in Ooit, Colombia,
data indude intiuencQoi reaitsiic tow iiueiuai,orta tHaskontng. AOW and
trlnCOij9eg) -

of theperformanceof the conventional(mostlyaero-
bie,andwith thre~“steps”) alternatives.Effluentstan-
dardsin Table 2,6 mdtcatethat ii is unlikely that the
single-stepanaerobictechnologycnn always meet
them assuming thereactorcapâbleof achievingsys-
tematically 70-80% BOD removal, et’fluent from a
weak and mediurn-strengthsewage would have a
BODeifluent coricentration of 22-33 mg/L and44-66
mg/L, respectively For a nuinber of discharges on
rivers, particularly in developing countries, the first
eifluent quality ~vouldbe certainly temporarily ae-
ceptable. but the second would in practice be rarely
tolerated. As sev~age strength is likely to fluctuate In
may sewer, single-stepanaerobicreactorscan, as a
rule, not be recpmniendedas complete treatment
Anaerobtcreactqrssliould thereforebe regardedas
(major) pre-treatment,to be extended with an aerobic
or physical second treatmentstep. Thisextensionmay
be implementedin a later phase, but alt necessary
steps for its construction should be taken from the
beginning, inciudedthe provision of the additional
space. -

Removalperformancefor CODin anaerobicplanis
is 10-20%lower than BODren~ova1. Although COD
is a useful parameter for operational control of a
treatment plant, it usually bears limited value in the
assessment of tli~ pollution degree of water bodies.

5.3.2 Kjeldahl-riitrogen
Total redueednitrogen(Kjeldahl-nitrogen)is an im-
portantcomponebtof the oxygendemandof anaero-
bic effluents. IfKjeldahl-nitrogen is discharged into
warm surface water (witt temperature above 12 T),
the omnipresent i~itnfying bacteria will stowly startto
nitnfy, consuTiningdis~olvedox3’gen(NOD). Westem
Europeansewagécontains60 mg NiL as Kjeldahf-
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nitrogen(medianvalue),representing60x 4.57 274
rng0fL oxygendemand(NOD). This is of thesame
magnitudeas the oxygendemandfor BOD removal
In TheNetherlands,regulationrequires75% remoijal
duringsumnwr,nitrificatiori in surfacewaterproceed-
ing sufficiently slowly in winter to avoic[ oxygen
depletion.

The zero nitriflcation level in anaerobicreactors
could consequently be a dtstmct disadvantage, as it

necessitates aerobic nitrification as post-treatment

unless the effluent is put to use in re-use schemes
where NODis of lesser concern. Such sjtuations are,
however, not yet common

The alternative,aerobic reactors,like activated
sludge treatment plants and trickling filters, can be
designedto havealimitedoranextensivenitrification
degree,by allowmgfor a high or a low sludze loading
(kg BOD/kg MLSS.d), respectively. Oxidation ditches
and pond systems usually apply such low sludge
loadingratesthat nitrificalion is nearlycomplete.Of
course,the low loading rareto allow for nitrification
and the additional oxygenation increase the treatment
cost also considerably In this sense anaerohic treat-
ment does not performmuchworsethan its high-rate
aerobicalternatives(mechanicallyaeratedsystems,
andtrickling filters); low-rarepondshoweverappear
more attractive as they automatically induce signifi-

cantnitrification
Whenproviding aerobicpost-treatmentfor anaeio-

bieeffluents,thereactormustprefeiablybe designed
for hoth BOD and Kjeldahl-nitrogen removal, the
latterrequiringthelargestallowancein termsof reac-
tor volumeandaerationcapacity In mostcasesthere-
fore, aerobicpost-treatmenttendsto becomemore
complicatedandcostlythanwould beexpectedon the
basis of the assumption that “only” a small amount of
remainingBOD hasto beremoved.

5.3.3 Suspendedsolids
Thesuccessofatreatmentsystemstronglydependson
its capacityto removesuspendedmatter,irrespective
of the questionwhetherthis is original, by-passed
sewagematerial,or washed-outbiornass.tn addition,
the settling step appears to be very sensitive to distûr-
bances(flotation phenomena,bulking sludge)which
regularly affect the performanceof many treatment
plants.

Welt-functioning aerobic waste water treatment
plants applying suspended growth pnnciples, like
activated sludge systems and oxidation ditches,
produceeffluent with, on the average.small amounts
of suspendedsoMs,usuallytessthan30 mgfL. Opera-
tional practice in The Netherlands stiows that suspen-
dedsolidsconcentrationdependsnotablyon thebad-

ing of the instaltation~resultingin betterqualtty with
Jower loarhng rates. SUb, suspended solids concentra-
flon in the efflaeni is veryvariable,due to poor solid

floc build-up, as well as iiEiâppropriate designandop-
erationof the secondaryclarifier Trentelman(t981)
calculatedthataverageconcentrationof Total Sus-
pendedSolidsshouldbeaslow as 145 mg/L,to meet
aneffluehtstâniléifföf3Orifg/L is9ffjtcéntife value
The yearly average valuesfor individual plantsvary
from 4 to 16 mg/LTcfr losij-loaded(0.02kgBODI(kg
MLSSd)) to high-loaded (0 5 kg BOD/(kgMLSSxf))
mstallaiions.

Trickling filters arecharacterizedby higheryearly
averagesandahigheiE variability: in TheNetherlands
yearly averages vary from 10 to 50 mgfL for low-
loaded (3 capfm

1 bed) and high-loaded (20 cap/m~
bed)plants, respectivély (Trente1m~n, 1981) (see also
Table 5.2) As aruk, atinchedgrôwth reactorslike
tricklrng filters androtatingbiobogical disc reactois
aredesignedon the assumptionof minimat loss of
particulatematerial(iii theformof not-yet-settledpri-
mary particles,or débris from thé biomass Iayers),
quite contraryto suspéndedgrowthsystemsthey tend
thereforeto belessgoodin netremovalof suspended
matter

TheS uspendedSohdsin anaerobicreactorsof the
UASB-type is usually sufficient fo meet standards
(comparevaluesof Tâble3.2 with thoseof Table2.6).
In the caseof the Kénpur reactor and thedischarge
standards for theGanges, however, this is not the case,
effluent carriedan aver4ge 160 rng/L SS, with a
standardcleviation of an Stimated20% The reactor
performanceis likely to be further improved. The
effluent BODand CODof anaerobic — andaerobic—

reactorscanbelargelyattributedto thepresenceof the
suspended solids. Any gain or loss in removaleffi-
ciency for suspendecfsolids will be reflected on BOD
andCOD removalefficiency.

5.3.4 Pathogens -

Wastewater treatmenttechnology in industrialised
countries aims primatily at removal of oxygen con-
sumingsubstances,n~gtectingthe importanceof pa-
thogén control. In niost deveboping countries how-
ever,largepartsof thépopulationmakeuseof surface
and ground water, wifhout paying attention to its bac-
teriologicatquality. Thecyclic transmissionroute of
excretarelated pathogens from human waste (water)
to ingestion. is a major reason for the poor public
healthsituation in manyof thesecountries(Feachein
etal, 1983). - -



MaerobicWaste Water Treatryerii atOLsite Scale

Pathogenscan berarikect in variousways.
— in termsof physicalcharacteristics,we candistm-
guish (i) viruses,(ii) bacteriaandprotozoae,and(iii)
the eggs (ova) of worrns and other hehninlhs (the
persistentprotozoanandbacteriatcystsalsofalb in this
category); this enumeration also reflects increasing
sizeof the organtsm:
— accordingto their infective dose,i e. the amount
necessaryto infect a person;sorneorganismsarein-
fectiousat bow dose(ingestionof c 102) like entenç
viruses.whilst othersrequireveryhigh doses(inges-
tion of> tOl like Vibno cholerae;
— accordingto their persistencein the environment
outsidethehumanbody, with survival periods ranging
from lessthanoneday to severatyears,asis thecase
with the ova of Trichuris;
— accordingto the possibility that humansacquire
significant immunity upon first infection; significant
immunity againstSalmoneïlatyphi canbe deveboped,
but this is clearlynot thecasefor worms.

Humanwaste(faeces) maycontain small to consider-
ableamountsof vanous types of pathogens, some of
whichareroutinelypresent,andothersonly in thecase
of infection.

It may beunderstoodthatstitl veryhttle is known

about thepathwaysandfate of all pathogensof con-
cernonceexö~ëLëcLOnly rarely do wastewatertreat-
mentresearcherstakethepainto selectrepresentative
indicatororganismsto study treatmentefficiency.It
must be borne mmmdthat in ordertobeeffectivevirus
andbacteriaremdvab in most cases necessitates re-
moval effictenciin of 99.99%andhigher, given the
large amountsof thesepathogensin waste water
(Table 5.4), and given the infecrious doses. This
requiredremovalefficiency is thus 1 to 3 ordersof
magnitudehigJ~erthanwhatis expectedin theremoval
ofBODandsuspendedsolids.Onthecontrary,helmjnth
ova tend to be present in much bower concentrations,
andrequirebowerremovalefficiencies(90to 99%).

Figure 5..5 givésthe positionöfanaérobicreactors
as comparedto cômpetitive“bow cost” optionswith
respectto removalefficaincyon faecalcoli The HRT
requiredfor the ii~’en fëmovad eiffiëlency is an iiidica-
tion for the cost ihvolved. The graphhighlights that
HRT is akeyparanieterthatdelerminescoli removab.
HRTsbebow typicalty 20 days tend to deliverinsuffi-
cient efficiencies, irrespective of the type of the proc-
ess -

Table 5.4 coniparesthe removab efficienciesof
major categoriesof off-site treâtmenttechnologies:

Table 5.4 Possible otitpul of somepathogerisin thefaecesandsSageotatropical smalltoen [mostdata from Feâbhemetat.1983) Reported
removal ettlciences that can be achieved by weIl-operated on-site septictanks,conventionataerobicsiewagetreatment(pnmarysettling toltowed
by activatedsludgeandtnckling tilters),pcnds(25 d retention time),andUASB

Pathogen Total number
excretedper
infectedperson
perday

Conc.
in sewage

Best remo
(%)

val efficidncy -

Septic Aerobic Ponds UASB
(-/L) tank treatment

a Viruses
Enterlcvtruses

10e 5,000 99 99 99.99 99

b. Bacteriaandprotozoa -

Faecalcoliforms loss i 0~ 9(3 99 999999 9(3

Salmoriella oe 7,000 90 99= - 992999 90
S/age/la l0~ 7,000 90 9911 992999 90
Vibriocholerae 1O~ 1,000 90 - 99: 992999 90
Entamoebahystolica 15x10

5 4,500 99 99 999999 99

c Helmlnths(ova)
Ascans - 106 600 99 - ~99S 992 99
Trichuris 2x105 120 99 ~99S 992 99 -

Hookworms 8x104 32 99 992 99.9 99

1 Paihogen ansounis and conceniralions are asiimated trom typical data, and usa realisuic Inlection ratas and waier casnsumption raies
2 Removai daia are averages and iaken trom various sourons fsee / a Feachem ei al, 1983). thedata ter OASBach based oa tôur yeara demonsiraulon-acaie

plant operatlon in Bandung, lndonesla )RIvM, AUWand St, Borromeus, 1988) and from experlence In Colombia fSd2attnkhoui, 1987)
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aerobictreatment,z.e.primarysedinientationfollowed
by tricklung filtersoractivatedsludgeprocesses,waste
waterstabilizationponds(3 unitsin series,retention
time 25 days),and theUASB as high-rateanaerobic
treatment,but without any post-treatment

TheTable lists seleciedpathogetus(viruses,bacte-
ria. protozoaandhelminth ova) In pnnciptepublic
healthobjectuvesaremetwhenzeronunubersof these
pathogens arefoundin theeffluent Onefaecalindica-
tor organismis inciuded.faecalcoli. The 1976 stan-
dardsissuedby theEuropeanComrnunity for recrea-
tional surfacewater(fairly comparable to muchof the
surfacewater in many developingcountries) set a
guidelinetiniit-concentrationof 1.000fLandamanda-
tory limit-concentrationof 20,000IL for faecalcoli.
Fromthe figures in the table it appearsthatno treat-
ment technotogydelivers an acceptableeffluentex-
ceptstabitizationpondswith sufficient hydraulicre-
tention time (>20 days).

Tahie 5.4 brings about the followtng main conclu=
sions:
1. In orderto prevenias muchpathogensurvival as
possible in a community~senvironment,only stabi-
luzationpondswith the indicatedlong retentiontimes
of 20 to 30 days arefully satisfactory.
2. High-rateanaerobictreatmentsystems(as UASB)
andaerobictreatmeniplantsscorelesswell than(tong
retentson)stabilizationponds,giventhelow patho~en

0
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is
>
>
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Flgure5.5 Removatof faecat cotu from sewageas a function ot
hydraulucretentiontime (HRT) in different treatment plants the ftgures
in the graph represent teusperature(°C)ranges(vanousauthors).

remova)rates The differencesnotcd hetweenthe
aerohicandanaerobicoptionsare irretevant from the
public healthpoint ot view
3.High-rateanaerobictreatment(asUASB) perfornis
well only on removal of helmmth ova. The major
mechantsmfor rem&iiat is entrapmentin the sludge.
4. As statedearller,ho meet commonefiluent stan-
dardson BOD,post-treatmentwill becomeinevitable.
Any post-treatmentwilt improve the pathogenre-
movalèapacityofth&anaerobietreitment,bringingit

to at leastthat of (two-stage)aerobietreatment.

Inindustrialisedcour~nesitis not ujicommon to apply
physscal-chemicaltreatmentmethodsfor effluentdis-
infection. Filtratîon,as it is used in Europe for the
removalof phosphorus,appearshoweverto be inef-
fectivefor theremovalof bacteriaandviruses.Chlori-
naiionôfeffluentsis &urly ofienappliedin theU.S.A,
andrarelyin WesternEurope,chlorinationis a“hard”
approachwim questibnableresutts(chemicalforma-
don in the water of carcmogenictrihalomethanes;
poorkilling efficiené3’ withh respectto viruses).

Concludingly, thç mest attractive disinfection
approachesarestili deruvedfrom long-termimpound-
ment in shallow pohds, with probably occasional
chemicalchlonnatioriasacheaperilternauve.As will
be discussedm Sect4sn515, pondsirein mostcases
expensive,exceptwhenland is cheap

Smcenoneof the, options, except tong-retention
ponds,offer asatisfactorysolution,it is alwaysrecom-
mendableto reducephysicatcontactof thepopulation
wim the plant’s effluent. This can be attained in the
foltowing ways
— Theplant dichargesvery closeto a sustablewater
body with sufficient dilutson capacity: the effluent can
be transported through a closedsewerwhich is not
expensive given the short distanceto becovered.The
closedsewerwill obviously minimize contact.
— Theplantdischargesfarawayfromasunablewater
body with sufficient dilution capacity an expensive
closedseweror amuchcheaperyet open drain needs
to be consiructed.In-the tattercasetheneighbouring
comrriunitiesshouldbeeducatedto learnto appreciate
the risks mvolved in having contacT wim the water.

5.3.5 Sludge production and handling
Any sewagetreatmentplant producesexcesssludge
This is composedof the seitleableorganicandinor-

1000 ganic matter present in the raw sewage,andexcess
biomasscreatedby the continuousgrowth of micro-
organismsfeeding oh the substrateThe settleable
mattercanberemovedrnaseparateprimarysedimen-
tationbasin(thecaselinaerobicactivatedsludgeand
trickting filter plants) or togetherwith the excess
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biomass(like m mostanaerobicprocesses,aridinsta-
bilization ponds).

Aerobic wastewatertreatmentis charactenzedby
ahigh conversionratioof solubleBOD into biomass,
and thus sludge. Sludge is a cumbersome by-product
it is producedin large quantities, is composedof
mostty water, necessitatmgrelatively expensuvede-
watering.andit maycontainpollutants,notablypatho-
gens and heavy metats, that render re use as fertilizer
impossible or difficult. From a public health point of
view, re-use is advisableonty after treatmentlike
long-termdigestion(20days)or disinfection by in-
creased temperature or pH

Tahie5.5shows typical data on sludge production.
Theexcesssludgefrom aerobictreatmenthowever,

can be easity digested, yielding sufficient amounts of
biogasto make the plant energetically autonomous
andcutting its operattonalcosts by 30%

This fact, and the large share uon dry weightbase)
of pnmarysludge in the total sludge productsonofany
sewage trealment ptant, relativize the advantage of
anacrobicsystemsthat they procluceup to 50% less
excess biotogical sluidge (bsomass) than aerobic proc-
esses.Onethird of the primary sludgeis mineratand
is thuscertamlynot amenableto digestion.Nonethe-
less, the costs related to the sludge output of art
anaerobicprocessare still relatively modest. and
favourablyaffectthe competitivenessof theprocess.

An additionaLèoiripetiïiveadviniajeresidesin the
comphcatedandtechnologicallydiffic uit natureofthe
mentioned in-plant biogas recoveryfromexcesssludge
digestion in aerobsctreatmentptants.This reiiders
anaerobicplantsmore appropriateandeconomieally
attractivein less-industrialisedcountries

Anadditionaladvantageof anaerobic ireatment is that
it producesa weIL-digestedandstablestudge,whieh
will not rot when exposed to air. Ii has favourable
dewatenngcharactlrtsticswhencomparedtothe”flesh”
studgefrom aerobic plants At the Kanpur plant,
excess sludge (whsch mcluded a relatively high frac-
tion of inert matter) could be dewatered within one
week (at ainbienttemperature of 15-25t), with the
sludge turning m~ga very dry, hard and porous mate-
nat, without smeli and not atiracting birds or insects.
These advantages are reflected in the cost calculations
of TahieS9and5/O.

As the anaerobic reactor can usualty not be consid-
eredcompletetreatment,it hasto befollowedby post-
treatment(Sectionô1).1f this is to beasmallpond,the
additionally createdsludgewill be limited, if it is an
oxidation ditch, thè amountof additional sludgecan-
notbeignored.1f thepost-treatmeniis aconventional
activatedstudgeor trickltng filter, considerableamounts
of excessbiologicat sludgewill needto be digested
prior to dewaterm~, rendering the whote plant more

Pnmarysedimentation
Aetivatedstudge

high -toaded
tow-toaded

Oxidationdutch
Trickting filter
Primarysedimentation+

aerobtcsludgeafter
anaerobicdigestion

Ponds (tong retention)
comprises pnmary
sedimentationstudge

UASB comprtses pulmary
sedimentationstudge

0.9-10
05-0 7
03
0.4-0.6
1.0

02
01
005
009
0.2-0.4

0333-009 ~03-0.b8

tow’
medium1
medium2
tow’
high2

Fitgh2

high2

Table 5.5 Typicat data on sludgeproductionby treatment ptants (studge inctudes both the settteabte matter onginalty present in thesewage,
and biotogicat excess studget -

, - S .~ L-

Technotogy Sludge quantity

(kg DM/kg BOD removed)3

Studge stabitity

(kgDM/m3 treated) (m3/capyr)

- ~ 1- JA - ~. ~J
- 015-0.2 - dlOlff-Ô.025 low1

- 5

—4

0.07-02

0.4-1 2~ 0 1-02

Siudge roTs when exposed toair. neects cuigaslion (20 ci) pilor to deeaiering in open air —

2 siudgecanbedsledonsandiwdstdrcrawaieririg - - -

OM means espresseci as diy matrar, Bon renoved reiers io eoo removed in the bioiogicai siep oniy, eccapt torponds and iJABB
Typicaly 04-0 7, 1.2 was tound In the UASB plant in Kanpur, which contained much TSS In intiuenL -

t ~ik4-
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complexandexpenssve.
The amountsand natureof studgeproducedby

other anaerohicreactortypes is not expectedto di-
vergeverymuchfrom whatis foundwith theUA&Bs.
However, if an anaerobic filter is used in down-flow

mode, the sertleableorganic matter from the mw
sewageandfrom the biomassis not altowed to be
digestedinternatly.This will reqwrethe washed-out
sludgeto beeollectedin asubsequenttreatmentstep,
andto digestii separatety(increastngcosts).

1f the partlydewateredsludgeis to be valorisedas
fertilizer for agricultureorhorticulture,public health
aspectsneedcareful evaluationas anaerobicsludge,
just like undigestedaerobicsludgemaycontainpatho-
gens.However.in view of the long averageretention
time of sludge in the reactor,and the subsequent
dewateringin openair underexpostireto sunraysfor
oneweekor tonger, anaerobicsludgemay be attrsb-
uted a highersafetydegreethan undigestedaerobic
sluilges. Separatestudgedigestsonis relatively so-
phisttcaiedandnot alwaysadvisable.Oenerallyspeak-
ing, thequality considerationspertainingto studgere-
use are similar to those for waste water re-use (see
Secrion 6.2.5).

5.3.6 Odours and gases
Oasesemanatingfrom theplant areusuallydifficult to
control. The experiencewith the UASB pilot and
demonstrationptanlsis that odourswere in no casea
majorproblem.However.in denselypopulatedurban
areas an odour nuisancemay arise if plantsarelarge.
In this casegasesareto be collectedandtreatedby
compost-filters.chemicalabsorpttonor buming in a
Dame. 1f the biogasis put to use (an option which is
pmobably feasibte onty when a targe plant can be
combined with an institutional gas user like a factory.
or whenbiogasis usedfor in-plantpowergeneration)
sophisticatedelectro-mechanicatequipmentis neces-
saryto compress,transport.condition andutilize the
gas.In addition,stringentsafetymeasuresaremanda-
tory andrequireahigh staffdiscipline.In otherwords,
gasmanagementat the plant increasesthedegreeof
complication.which is usually not actvisablem less-
industrialisedcountnes.

Odournuisanceisaprobiemof somneimportanceat
aerobic plants, emphasiztng that in this respect an-
aerobicreactors,particularly if they arenot large, are
not necessanlyscoring less well All convenitonal
plantssufferfrom corrosiveandmalodourousgases
emanatingfrom theraw waterintakeptt, grit removat
andprimary clarifiers In TheNetherlandsandWest-
cm (Jermanyit is common practice to coverthese,
collecttheairabovethem.andtreatit in (air-)compost-
filters. Activatedsludgeplantsproduceaerosols(fine

water spray) which çan carry pathogensfor several
hundred metersto netghbouringhouses Trickling
filters in tropical cciiintries are equally smelly and
notorious as breeding places for mosquitoes, flies and
other insects. Anaerôbic ponds generally arefairly
free of malodourousjases,stabihzationpondsmay
generaLe scumthat can be blown away by the wind,
and,if notwell consizuctedandtended,provideon its
banksampleopportunity for insectbreeding.Finally,
somesmelts will be causedby the thickening and
dsgestionof the sludgefrom aerobicplants.

The effect of large fiows of anaerobiceffluent
being further treated,in aeratedprocesses(and the
gasesthus beingdesorbedin largerquantities)is still
insufficiently documénted.

In conciusion, the odour problem of anaerobic
reactorscouldin manycasesbeof comparablesmpor-
tanceto that of conventionalaerobicplants.

5.4 Reliability

The resiltenceof anaerobicprocessagainstboth hy-
draulic andorganicshuckloadswasin the described
UASBpilot and demonstration plants larger than can
beexpectedfrom theonce-throughHow modeandthe
relatively short retentiontimes.

5.4.1 Hydraulicvarlations
Most reportedexperiences(de Man and Lettinga,
1987, Jewell, 1985; Swttzenbaum, 1985; Schellink-
hout, 1988; Haskoning, AUW and Emcali, 1989)
retate to pilot plants that operatedon a constantHow
mate.Sewagewasm alicasespumpedat aconstantmate
to the pilot plant from thesewer;the sewagecompo-
sition in thesewerandto the plant did vary in areal-
istic wayin function6f diumal variationsand(in the
case of combined sewèrs) of ram weather conditions,
but Howrate changes did not occum on a megular basis.
In the Cmli plant a suddenthovghsmaltHow mate
changewasmtroducedto betitersimulatethe day/night
rhythm, lowenng the Irydraulic retention time from an
average of 6 h to 4 h; uo negative effect was noted as
tong as mmimal reten~iontime stayed above 4 h. On
the contrary, thesemiijor How vanatsonswere found
to favour the process The conclusipns were similar
for the Kanpur plani, How was in principte kept
constant during the test pertod, but it was regutamly
intemrupted The expemiments with the (cold ctimate)
reactor mBergambacht included at some occasions
vanable hydraulic loadings which weme in that case
deirmientat to good performance.
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5.4.2 Variatlon In sewagecompositlon
Sewers may carry systematicallyom inadvertently
uncommoncompounds and materials that affectplant
performance.

During shnulauon tests in Bandung wtth on-site
UASBs, inhibition of methanogenesisby a strong
cleansing agent used in Indonestan households (lysol,
a phenolic compound) was studied.Lysol exerteda
pronouncedmhibitton at low concentrauon,but this
inhibition neverexceeded50%, despitean irrealisti6
tncmeasein lysol dosage.Unfortunately,the duratron
and possible recovcry of the sludge wasnot studied.
given the fact that phenol can be degradedanaero-
bically, it is likely the sludge will recover after possi-

bly 1 to 2 days.
The plant in Cali wasfed for amonthwsth sewage

containingindustmial effluents.characterizedby hi&h
levels of heavy metals.phenols, high pH values, etc.
Although this led to less abundant digestion, no sys-
tematicnegativeeffect could be detected. High con-
centir-ations of fats have a negatis e effect, beingpoorly
biodegradableandinducmgsludgewash-outbecanse
of flotation. The reactor mesistedacid pH shocksfor
shon pemiodsof time, andto allciline pH shocksup to
pH 12 for prolongeclpenods,pl-t shockscauseatem-
porary reductsonin gasproductionandsomesludge
loss.

The above shows that UASB reactiorsarenot ex-
tremely sensitive, but neeessitate careful supemvision.

Once-throughreactorspossesspmocess-wiseIess
intemal buffering capability to flatten out possible
high shock concentmation& The more a technology is
low-rate, andthus applteslow volumetricom omganic
loadings, the more water volume is avaitable in the
system to dilute and buffemany discontinuities Gener-
ally, no problems due to lack of buffering capacity
occur, as long as the hydraulic loading can be con-
trolled. Hence high-rate anaerobic systems are more
vulnerabte, requinng more careful design and super-
vtsion.which puts themin anunfavourableposition as
poiential “low cost” treatment Lechnology Fsnally.
theexsstingexpemienceshowsthat theresilienceof the
anaemobicreactortendsto improvewith the substmatç
(BOD) concentration in the influent.

The foregosngfactorssuggestanaerobicreactors
arebottersuitedto treatwastewaterthat is (s) more
concentrated,om (ii) from separatesewer systems
(becausethesehave no peak hydraulic loads com-
binedwith low BOD levels)

Theconsequencesof inadvertentfaulty operationare
for themomentdifficult to assess,as experiencewith
targerscatereactorsis tacking At the Kanpurplant,
the flushirig of clogged inlet pipes had no marked

effectonplant performance;afanltyexcesssvesludge
bleeding ted to ileteriorated eflluent quality for one
month. As long as no operationalproblems arise,
requiredsupervisionseemsto be fairly simple. and
opemationandmhintenancehmited

Onceareactorhasfailedit is difficult to workomdo
repairom maintenancework on its intemals(influent
distribution~ysaim,gascollection,sludgewithdrawai
pipes)withoutshuttingthemnaclorcompletelyoff and
emptying it. Noi-mally this will imply some sludge
loss, as 115 exposure to atmospheric oxygen leadsto
(limited) activit)i decrease.The experiencewith the
Cali plant shows the needfor annualor bi-annual
intemal maintenanceon gascollectorsandconcrete
(corrosion). and for removsngaccumulatedheavy
sludgefrom the ipwer partof thereactor.The impor-
tantpartsof aerobtcptantsaregenerallybotteracces-
sible. -

To avoidoperationalproblems,sounddesignpro-
cedures need to befollowed,whichareprobabtymore
ptant-speciflc than in the case of conventionat treat-
ment Once an opérational problem develops the tech-
nical supervisor ttiay need immediate assistance from
more expenenced staff since the reactor is hable to be
severely disturbedafea’ hoursafter the first signsof
an ansing problem

A problem of a general nature that also deserves
specialattentiontsthe fact that anaerobictreitiment
plaiits this ar~connectedto analreadyexisting com-
binedsewer,throughwhrch also storm water is dis-
charged, can acceptonly part of the total peak How
onderrainy weathEr conditions, as otherwise the bio-
mass would be washed out from the reactor and
sedunentationprocesseswould bedssturbed.Aerobic
plants are moreHexibleandusuallydesignedto accept
upto 4 timesthedaily averagedry-weatherHow mate;
theremainder is by-passed and thus discharged with-
out treatmentThis need not necessarily be pmnblem-
atic, becausethe iaomm water ditutes the pollution.
However, as was showni.a by the work of Lager and
Smith (1974) andAtaerts et aL(1982), the front of

those sewer water_surgescan carry a pollution bad
which is equivalentto that of an accuniutationof
several days By-passihg this bad means that the
treatmenteffectofafew days is annihitated.

5.5 Institutionalandtechnicalmanageability

5.5.1 The politlcal factor
The prerequisite fcir effectivewaste watercollection,
treatment and discharge is the awareness of the public
at large, and of the political decssion-makers, that
appropmiate means~hav&to be allocated to plan, con-
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struct, maintainandimprovethe mequiredinfmastruc-
ture. The meansinvolve
(i) fundstostartup theoperations,payannuallypnn-
cipal and interest of loans for the investment, pay
annualtyrecumrentcosts,andpayannuablythecostof
the instrtution, agency om corporatton that will manage
the infrastnicture in the technical and financial sense,
tii) renewed funds after the lifespan of the project
havebeencompleted(initiafinvestmentdepreciated),
to start new pmojects to allow continuation,
(iii) considerable managenalautonomyfor the insti-
tutton in orderto ensurereatisticplanning,decision-
making and implementationof projeets,basedon
soundmanagementprocedures;
0v) considerable financial autonomy to support the
above.altowingthemanaginginstitution to settariffs
omchargesto the public (“consumers”of theservice),
and eamn money in other acceptable ways, to arnve at
a full cost recovery of all incumredexpenditureson
capitabandrecumrentitems;
(v) managerial autonomy with respectto the intemal
organtsationof the managinginstitution, in orderto
keep it effective.Hexible andprofessional,suchim-
pbiesfor instancethatpersonnelandstaffingpohicies,
promotion opportunities, human mesource develop-
ment and last but not least salamypolictes are, within

measonablelimits, determinedby the institution’s
objectivesandnot by extemnal(pohitical) considera-
lions,
(vi) an effectivedegreeof cooperationandcoordina-
tion between.if not integrâtionof, interrelatedsub-
sectors;this may pemtatn to thehonzontalintegration
of planning andmanagementof sesserage,di~ainage,
sohid waste.sanitationand watersupply in agiven
city. om the vemtical integration of, for example, small
omganizatrons into units of viable scale.

These pmerequisites are valid immespective of the type of
sewagetreatmenttechnology.Noveltechnologiesmay’
be more vulnerabte than conventional ones, though. It
is often observed that dedicated staff working onder
discouraginginstitutionalconditipnsstill perfommthetr
duty well relying on henindividual sensefor respon-
sibibity andtheir owntechnicalinsights;ifthis staff is
not allowed to develpp an operational grasp of a newly
intmoducedtechnology.this will soon becomeaban-
doned.

5.5.2 The managerlat factor
1f the politicat climate is advantageoasfor sectorde-
velopment,themanagementandseniorstaffmustlx
capable of setting up and managing an effective
organisation(Picture8)

This requiresthat the organisationis effectively or-
ganised -

(i) intemalty, implyiiig the complete personnel is op-
timally allocatedtojob positionsdesignedto identify,
analyse and solve all problems; in addition the pemson-
netis dedicatedto its duties,andis capableof receiv-
ing accurate instmucticinsas well as of passing infor-
mation on to higher lévels (top-down and bottom-up
eoinmunfdafiori), ihe perronnel strocture is well-
balanced,te.asoffidi~ntntïmberofthedil’ferent cate-
goriesis available(inidevelopingcountriesorganisa-
tions often disposeof qualified engineemsand other
high-ranking staff, bijt miss- welLtained operators
andtechnicians); -

(ii) extemally, ja in its orientation towards the proj-
ects,in thesensethat it is capableof planning,design-
ing, constructing andlijperating the diffement compo-
nents of the wastewater managementscheme; in
addition,it (om arelatectiniiitution) is effectivein the
collection and admimstrationof revenuesand ex-
penses. The scheme’s components cover the sewer-
age and drainage, trealment,andhandlingandpossi-
bty usingsludgesandefHuent.

5.5.3 The socletal factor
The community at tar~e must be aware of the impor-
tanceof adequatevîastiwalermanagemeht.It mustbe
wiJting to contrihute finanéfally on a regular basis to a
central,governmental(orsemi-govemnmental)authom-
ity. This wihhingnessmelatesto asenseof ownemship,
andofrespectibilityofianitation In âddition,it shouhd
be willing to cooperati~, for examphe in keeping gar-
bage out of drains gnd~ewers, iii assistingwith clean-
ing of open drains or~smalt-bore sewers located on
their compound, andin general in abiding by the
regulations.

5.5.4 The sclentbflc &upport factor
Firstly, scientists and ejigineers in industriahised coun-
tries copewith the fast developmentof technologies
by readingprofessbonaljotirnats,attendingmeetings
andconfemencesconvènedby professionalassocia-
tlous,andby followin~recyclingoradvancedcourses.
These initiatives arelinstrlimental- to continuously
upgradethe knowledgpof the professionalsandpro-
mote intensive exchange of information and expert-
ence.In addition to this formal function, the regular
meetingshelp to fosterself-confidence,asenseof re-
sponsibility and a degreeof professiônal pride. These
factorsarevery importantto sustainthecreativeeffon
professionalsareexpected to bring up in theim search
for betier andmore inonotEnicsolutions to environ-
mentitl pmoblems.
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This corpomative support is often deficient in lesa-
industriatisedcountrtes.om it may even work in a
counter-pmoductivemannerif II takes theform of as
association that is to protect commercial omotherwise
financial interests.Thelattereenhappenif theasso-
ciationrernainsunchallengedby peer organisations of
other professionalswith competitive interests(eg
sanitary engineers can lx challenged by chemists ur
biotogists.er by pmessoregroups).

The reason for such deficiency may be too few
professionals per city om megion. back of concem,
insufficient fondsleadingto absenceof oppoftünities
to apply new techniqoes,corporation or insufficient
financial means to erect and sostain a viable profes-
sionalassociation.

Secondly, the capabilities of the engineering,
administrative and operational staff depend very much
on the adequacy of the educational system. This
holds, of coumse.to higher educationinstitutes,bot
alsoto mstitutesandschoolsdelivemingtechnicwns.1f
the formalschoobingsystemis insufficientlyspeciali-
zed,eg.with respect to the formationof plant opera-
torsandsupervisors,sectoromganisationsshouldpro-
vide for this themselves and organise short courses.

Thimdly, the availabihtyof universityexpertiseis
of critical impomtancein the introductionof newtech-
nologies.Theyhelpto deepentheknowledgeof those
responsible for implementation, Lhus preventing trw-
ial mistakes, and they may serve as relatively cheap
and meliable problem-solvers. In additton, this expen-
encewill help the untversity to act in a professional
way and to translate its new expenence in more
appropmiate technology tmansfer.

The absence of these facibtttes exemts without doubt
a negative influenceon the chancesthat anew — om
evena proven technologycan be introducedsuc-
cessfubby.1f the wastewatermanagementsectoris as
such stiJl a new concept to a country (like in some
African andSouth-East Asian countries), the first two
items mentioned above are pmedominant condiuons
for any progress. 1f waste water managementis al-
ready a famitiar conceptin the country(like mmost
South Amencan countries) and a new technobogy
needs to lx tned out, the third tssue may take over in
importance.It is consideredthat, in parttcular,theuse
of anaemobie treatment reqoires good technicaland
scientificbackingfrom universitylaboratorieswith a
record of successfulresearch.Theexpenencewith the
UASEplants in Colombia, Indonesia and India mdi-
cates that the deficient institutional suppomting struc-
tumeis aprimereasonfor the fail ureof anewtechnol-
ogy.

5.5.5 The technicalstandardsfactor
It is oftenreponedthatteehnobogiesfail notbecauseof
processom conceptualdeficiencies,bot beeausethe
technical standards commonly apphied by contmactors
and equipment suppliers are tno how In most cases a
cormetationexistsbetweensub-standardworkandhow
biddtng pmiees, if suchalow bid is acceptedby the
principal, physical defects will appeam, beading to
abnorrnal additional operation and maintenance eosts.

In the case of the introdoction of anaemobic tmeat-
ment technology.contractorsneci) to be more care-
folly sélected.The constructionof lamge concrete
watertight tanks,~mitchannets, gas and studge cotlçc-
inn facittties, as ~vetIas the selectionand installation
of pomps, valves

1and other equtpment are not com-
monly present with most contmactoms The proper
implementationofanyothemsanttaryengineeringfacility,
however, will reqûime similar skills, and it is therefore
in pminciple not so that anaerobic reactors impair a
highem fatlure rislç than a more conventionaltype of
reactor. Even the construction af ponds and lagoons
mequires an experienced contmactom, especially in ameas
with difficolt soit conditions Thespecialconsidema-
tionsrelatedto anaerobictreatmentpertainmostty to
selection of buildiÜg materiajs andmechanical equip-
ment that is to be cormosionpmoof andgas-tight.

5.5,6 Management aspects
It wasconeludediii Section53 thatanaemobicmeactors
alone will often not meet effluent requtmements and
then need additionat tmeatment. One treatment facitity
will thos consistEof two sobsequent pmocesses, and its
overallreliabibitywill lx parttydefinedby thesecond
step.It is thereforedtfficutt to compamesingleanaero-
bie plants wtth thé (complete) conventional abtema-
tives. -

Nonetheless, it may beinstroctiveto mentionsome
fundamentalcharacteristicsof basically anaerobte
andaerobicprocesses.

Anaerobic reactor technotogyhas been appited
successfulbyfor tndustmial wastewater treatmentfor
over a decade alreaslyThe experiencefrom this side
is that if the plant is well-designed and operating, it
mequimesretatively little sopervision,however,if it is
disturbed becaitseof influent Huctoations,electro-
mechantcal faibureor graduat devetopment of poor
sludge,considerabl,eexpemtise is necessaryfor me-
dressingthesituation 1fthereactorneedsto lie opened,
majom costs are incurred.~ -

It may be expected that the smalbem the community
servedby areactor,thelowerthelevelof supervision
and the more hkely the development of operational
diffieulties, like aceumulattonin the reactorof men
andclogging matenials.However, thereis measonto
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believethatmoutine tasksandvisoat nnspectioncanbe
earmiedout by tess-skilledstaff, actual supervision,
control andtrouble-shooting,however,must lx eer-
ried not by an adequatelydevelopedorganisation.

An important advantageof the aerobic altematives
is their excellentaccessibility,allowing mostmainte-
nance whnlst the plant is functioning Active sludge
cnn lx storedonfed up to a weekom two in aerobic
conditions:anaerobicstudgecanlx storedfor several
months,on the otherhand.

The lxtter control that aerobic plants allow neces-
sitates also better and more continoous pmocess su-
pervistonthan is the casewith anaembictreat.ment.It
also involves more clectro-mechanical equipment pnsing
more risks for failume and requimingmore routine
maintenance.Thepmocessesmvolvedin both typesof
plant areequally complicated,this would alsobetruc
for start-upoperation

Lagoonsand ponds requimeminimal supenvision
pmovidedtheyarewetl-designed;theyshowthelargest
resihienceto anydisturbances,needtimited process
control and electmo-mecharticalequipment,andmay
nequireregularmaintenanceof only the in-andouttet
stnuctumesandof thc embankments,as well as studge
removalevery few years.

Expemteneeof professionals,as availahie with
consultants.univemsity gmadoates.om pubhications,is
far langerandmochmorecompnehensivewith megard
to aemobic tmeatmentthan to anaemohictreatment.In
manydevelopingcountriesdesignand0 & M proce-
duresfor conventionalpbantsare nowadayswell de-
scnibedandfaimly standardized.Nevertheless,evenm
thesecountniesa wide gapstill appearslxtweenthe
“know-how” andthe“do-how,” aconseqoenceproba-
bly of the lack of practicatexperiencewith waste
watermanagementin general Expenencewith an-
aemobictreatmenthasnot yettranspiredto thepmofes-
sionalcommunityin industnialisedcountries,let alone
in the developingcountmies(exceptfom afew specific
bocations— usually relatedto industrialapplications—

in 3 nt 4 countries,ja India, Colombia,Bmazil and
P.R. China (Pktuie 8)). It is thereforedear that
anaemobictreatmentposesanadditional risk for fail-
ure,andthat anyimpbementationnecessitatescareful
institutionalpreparation.Pictute8 showsthe appbica-
tion of anaemobictmeatmentof industmialwastewatera
remoteareain thePhilippines.

5.6 Economlcandflnanclalconsiclerations

5.6.1 Costlng procedures
This aspectwill beappmoachedby first identifying the
cost components,and then collecting Held dataon
constmuctioncosts.opemationandmatntenance(O& M)

crisis, Total Annual tosts per Household(TACH),
and eventually Net PiesentVatues (NPV).

The basic instruméntsandproceduresusedto er-
mive at a. correctecoininicand financiat assessmentof
a given sanitation schômeareootimedin Appendiv2.
Given the focus na the treatmentpnocess.andthe
iniplicit assumptionthat the society is wiJting to pay
for an adequatelevel of service, the financial aspeets
are of less unportance fom a comparative analysis. The
must useful form of analysis will be economie dust-
effectivenessanalysisfôcussingonthetreatmentsystem.
Thetechniques used are TACHand capital costa per
capita(poputationequivatent)

In the situations~i[h prédominarifly on-site sanita-
tion options,asdiscus~edin Chapter4,it is reasnnable
to assessthe feasnbility of anaemobiewaste water
treatmenttechnologtésby setectingmepmesentative
umban areas as case studies, and carry out “mini”
sanitatibn master plans under standardized eonditions
in which thechoiceof the treatmenttechnologyis a
key vanable. As concioded in Chapter4, such ptans
will not drasucally var~’ fmomone site to anothem. In the
situation of nff-site treatment, the economie ensting of
the complete waste watermanagement scheme will on
the contmarydependvéty much on local, unique cnn-
ditions. Amongst the factnrs that prevent easy com-
partson between differènt altematives on one location,
as weli as comparisnnof one altemativebetween
different locations,cmii bementioned:specifïchoud-
mg regulations and requimements, e g. as defined by
snil characteristics (need for piting, presence of rocky

bottom om bnulders, consequenees of high omvery how
water table,slopeof thetenrain,degreeof impermea-
bility, risks for earthquakes,etc ), thepresence of an
operatinnal sewerage network in the city, the avrnlibil-
ity of land near the city, legal constmaintsom possibiti-
ties for land acquisitiôii, dilTeretices in ooit costs, and
50 forth. Within onest±iallregionom cEnuntmy,like The
Nethemlands, it is possible to apply a more om tess stan-
dardized costing approach which pmovides an accept-

able basis for comparison Ona largqr megional scale.
howevem, it is impossible to devise a costing procedure
that ensomes the same degree of eomparabihty.

A secondhimitation is the dependenceof the eco-
nomiefeasibility of the tmeatrnenton availableinfras-
Iroctune or other opportunities. Fonexample, a city
mayalreadyopemateasewagecollection and tmanspom-
tation system that conveys the sewage to a river omsea
nutfall Any treatmeatconstructedafterwardscan
benefit from the fact that this scwer line pmobabhy
emosses areas with very low land pnices, favouming
treatment technologies that are tand intensive, and.
without this sewem, might have necessitated a very
expensivesewageadductionsystem.
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Given the poon melevanceof onecompletely analysed
set of nff-site tneatment alternatives for one tocation,
it is instead prefemmed to coltect data from vanous
snumces(differentlocations,diffenent conditions,dif-
ferent costing procedures,ete ) and deduce generalis-
ing conctusionsin the fnrm of trends from these.

Asacnnsequenceof the above,focuswill lx on the
treatmentsystemsandnot on thecollection systems.
Cnst mformation will lx collectedpertamingto cum-
parable situations. In Chapre/6 a brief catculation will
be earnedout mvolving sanitation programme alter-
natives to “connect” the urban areawith the treatment
facility, in order to evaluatetheeconomiefeasibility of
intermediate-sizetownship-scaleanaerobicrcactors,
versus targe off-site systems.

5.6.2 Relevantcostcomponents
The discussion of the determinants in Chapter 2
emphasized the comprehenstve waste water manage-
ment approach.Despite the himtations for compa-
nablecosting, it is useful tokeep this appnbachmmm
when mterpnetingcostfigures Genemallyspeaking the
waste water systemcan lx functionaily divided into 4
paris.each part divided mto 4 majom cost compnnents
(TaMe5 6).

An important consequenee of this approach is that it
appearsdifflcult to comparetreatmentaltematives
with a different charactenstic that has a marked info-
enceononeof theothercomponentsin thetablc This
is. for exampte. the case when land-intensive and
land-extensive Lreatmentoptions.Ilke ponds and UASBs
mespecuvely,arecompared.Sufficientty cheaptand
may not lx available near the city fnnge. A east
compantsonmust then include the option of a land-
extensivetreatmentplant (more expensivein con-

Table5.6 Typical definiton of matn cost componentaof waste
watermanagementschenies,with esciusionof thoseretatingto tnstifu-
tionatmanagemental the levelsof theresponsibleaufhonbesandthe
community,andtescienlificsupport

—

Component lnvestrnent

Land Civit Electro- 0 & M
mech

Sewagecnlbectinn a b c d
(houseconnections)

Sewagetnanspomt e t g h
Tmeatmentplant t 1 k
Sbudgetmeatment m n o p

andhandling

struction and o~eration)mequiring less spaceand
shorter sewage transportation piping, as the plant is
situatedclosemto thecity, andthatof aland-intensive
pond system(cheaperin constmuctionandopematinn)
requinng more brit cheaper space and a longer sewage
transportation piping, as the plant ties farthem away
from the city.

As discossed in AppendLr2, the mvestmentmequired
contains considerable “other” sums ~elatedto activi-
ties that strictly speakingarenot constructioncosts
(traffic disruptioii dunngconstroction,costamcurred
to secureloans, probableaveragecosts causedby
likehhoodof failure). It is usefolto divide the sewer-
agenetworkm two parts:(t) secondarysewers,con-
sisting of the houseconnectionsand smaller-bone
sewage collechon pipes, and (ii) thetrunksewemsthat
convey the coflected sewage over longen distanccs in
the treatinentplant

5.6.3 Cosis specificfor anaerobictreatment
technologles

Again, reltableHeld testedinformation is scarceand
mostlypertainstô studieswith UASBs.

Tahie5 7compilesplain constructioneastdatafor
a numlxm of UASB plantsat 8 locations,5 in South
Amenca,2 inMia andtinEurope.Someofthesedata
arederivedfromlfeasibility studies andcommercial
offers(mefs 1, 3,4,6)whilst othersarebasedon pilot-
plant studies (refs. 2, S and8) In addition,both the
technicaldesignframework(sewagecompnstttonand
dynamics,reactorloading)andthecostmgframework
(costingprocedure,unit costs,exchangemate to US
dollar)arenot fulty compatiblewith eachother.Hence
resultsarenotcomptetelycomparabiaNotwithstand-
ing this limitaoon,it is feit thattheorderof magnitude
of costaasexpressedperPopulationEquivalent(cap,
omPE),per& tmeatedwastewater, andper& reactor
volume, is ausefulmol. In the developingeountries
the eastpencap vaniesfrom US$ 10 to 30, per m1
treatedfrom US$ 140 to 300, andper m’ reactor
tolumtie from USÇ3Oto 110. The natfobetweenthe
lowestand highesteost figure is appmoxirnately3, a
fair value giéeiiihi wide situationaldiffemenees.The
costa for the Europeanconditton (The Nethemtands)
areconvincin~~,,~gher(2 tp 5 ,Un~ejithe .averagein
developinïcountries)a~ç~ube expeetedfrom higher
unit costaandlower hydmaulicloadingsof the reactor
dueto lower tempemature

Reliable information no 0 & M costa is evenmore
scarce,asup to now insufficientfulI-scaleexpenence
is availabte.As far as stallingis çoncemned,
— daily supervisioTnand follow-up of a plant may
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need to lx continooos,becauseof thereactorcharac-
tenistiesdescrilxdin Settion 5.4; -

— this supervisionis of a more simple nature than
what is mequiredby conventionalaerobicptantslx-
cause of (t) meduced eleetno-mechajucal equipment,
(ii) tess need for pmocess control (sludge recycling,
aemation, siudge settieabitity, etc.) and (iii) reduced
quantities of excesssludge,
— in most cases the staffing requirementsfor the
anaemobic plant wilt lx relanvely small. However,
anaerobie plan is are to lx considered as pre-tneatment.
The post-treatment will usually mequirefull-time at-
tention and control which then can easily cover the
plant’s anaerobicpart;
— plant supervisorsneedto be weIl-tramedfor rou-
tine aetivities,theymustlx backedby ateamof more
knowledgeabieoperatorsandengineemswho arenot
stationed at the plant but can om shoi-t noticelx called
in andtakenemedialaction;
— supervisionis more intensivethan for long-reten-
tion-time ponds.

Maintenance eosts are pmopomtional to the plant’s
construccioncost Maintenancecostswill thereforebe
only marginally smallem in the case of anaemobic plaats,
anaerobic meactors compmise paris that are sensitive to
wees and tear (gas collection, inlet pipes, siudge bleed
valves. etc.).They wilt lx considemably largem than in
the citse of ponds Enemgy costs arein pnincipte negti-
gibie, provided the soil condition atiowsthe plant to lx

constructedondergroond level, a reactorrequiring
iieightsof 4 to 6 m.

5.6.4 Comparison o(cost~for treatment alternatives

a. Constructioncosta -

MôF5iniorinativethandetermmingthecostof anaero-
bie tmeatment plants at various sites is compaming
them, at one site, with costa for altemative. conven-
tional treatment.Theeonventionalaltemativescanlx
divided into two distinctcategonies0) high-mateaero-
bie technologieseonibining high consti-uction and
0 & M costa with low land costs (activated sludge
plantsandtniekling filters), and (ii) )iondscnmbining
(osually) low construction and 0 & M costs with
relatively high land rei~uuements This divis inn is also
relevant m terms of tmeatmentefficacy and efficiency,
notably with respect to pathogens removal (see Sec-
bon53). Becauseof thesecostconsiderationsandthe
high pmocessstability, pondsarecommonlythoughtof
as “appmopmiate” technolog~es for 4eveloping coun-
tmies.

Tahie5 8 compiles sets of construction cost data
that are mtemalty maximaily comparable, as they are
calculated by the same consultant for the same situ-

ation -

Theeonclustonsfrom TableS8 are:
1. Diffemencesm costing procedureand situational
datarenderquantitati~’ecompamisonpmecamious,but

—. —. ~ -‘ ..S. ..L ...: fl_ 1_Zi___ - ._..

Location Capacity

(cap)

Constmuciion cost (US$)per Ftefemence

cap m3 reactor m~dtmeatecL
c”ia s

Rada’. N-Yemen 46,000 - 181 137 - 1
Kanpun,India 41,000 6.3 486 : sr 2
Bucamamanga, Colombia 80,000 27 157 131 3
Cafi Vivemo. Colombia 16.000 22 425 : lifd 4
SaoPaolo,Brazil - 30 600 - 150 S
Baranquilla, Colombia 5,000 9 180 45 - - 6
Bandung, Indonesia
The Netherlands

2,500
10,000
100,000

25
53
47

-

583
528 :

- -~ —

404
—

7

8

8
. fl~ ~ ~p ~!!

— Eurooonsuii (1998) - —

2— Fiaskoning (1990)hased on expeileryce wih Kanpur demonsiration-scaie plant (unpubi) —

3-01Wconsuiwnis rassheeiPio Edo. Bucaramanga, eokxta’, undaied, inciudesiaaitiaivepond with HRT=24 S
4 = Haskoning (1987) (unpubi i -

5—VielratlealB) -

6 — mooi (1988) tunpubi
7 - Own catuiation based on smmpïfled design of rel 4 -

9 — WitieveentBos (1989)exotieles pumping station siudge handing and main piping Anoiber (iess enperiencert) esiiniaior gîves pilces 30 to 6t~ici,1ghar

Table 5.7 Constructionoost data for UASS reactors, complete wmfh necessaryequipmenf,pumØlng station lexcept Ftada’, Bananqumlla,
Bendung), gdt nmovalandsludgedrying (eneptFiada’) Eictudeslandandcontingenctis

1,1

-‘t
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Table s.a Setsof restdalaforconstructmori+Iand.Thedataaneplan eosts.andarenot cor?bctedasNetPresentValue& Datatrom difterent
soureescanbe comparedonly in aqualmtabvewaysincoassurnptionsand/oriocâlcircumstancescnnbadifterent

- ‘~rnr ~ lll; fr ~ - a~*T~±a ~anc. E~ti, ~t, 1
Country Tmeatmerit Capaeity

(cap)
—— ~ -‘~-—~

Ccist Reference
(US$fcap)

~ t_

N-Yemen Oxidatmon dmtch 25,000
Stabtlization ponds 25,000
Aeratedlagöon 25,000
Trtckting filter 25,000

Anaenpond+ tacpond+ mat.pond diverse
Aen lagoon÷mat.pond diverse

Stabilmzation ponds
Pondswmtli pamtma)aeration
Aer.Iagoon +polishing pond

Aeratedlagoons 89,000
Stabilizatmonponds 89,000
Activatedsludge 89,000

Oxmdation dmtch 46,000
UASB+ oxidation ditch 46,000
Anaenpond÷fac pond 46,000

Facpond 16,000
UASB 16,000
Oxidatmon dmtch 16,000

UASB + pond

Oxmdatmondmtch 25,000
50,000
100,000

Activatedsludge 25,000
50,000
1 oo,oao

Tncktmngfilter 25,000
50,000
100,000

Activatedsludge 3,000
30,000

Act sludge,mcl. sludgedmgestion 41,000
UASB ÷aeratedpond 41,000
UASB+ cascade+ sottler 41,000
AcLsludge,mcl. sludge dmgestinn 200,000
Oxmdatton dttch 200, 000
UASB ÷actsludge 200,000

la
la
la
la

Asta,Jamalea,Atrica - 38 1
(44) 1

Ismael diverse 11-18 1

- 27-32 1
50-55 1

Thailand 11-15 2
- 11-19 2

50-50 2

N-Yemen 1 52 3
57 3
84 3

Colombia 4 4
4 4

- 17 4

Colombia 80,000 1 26 5

Netherlands 217 6
175 6

- 149 6
257 6
194 6
164 6

- 236 6
176 6

- 142 6

India 7
7
8
8
8
9
9
9

le - Artbur (1983) catcuiaied case atudy pntcau for 1980. Efilueni requlrennenta ~ nng BOD,t, 10,000Ëbiiao nu -

1 - Anhur (1983) Fleid data, in 1979 prices vaty(ng etffueni qualdy. net pond area. i2j 0.3m’[cap, ancf7-7 m+tcap, rem
2- OnS (1988) catcutated prices in the Ohonbun casa The Indicated range rettecta aanalijvity to crouhmnnig of tand price
3— Euroconauti (1988) Efflueni quaily 25 erg BODJL - -

4 = Hashoning ei e!(i985) Oniy sib~l’ieddeslgns are coelpared Eifluent guatity for the dnich 20 ing 800,1, lor pond and uASB eiincnency of 75’J. on BOD.
Prtces exctude rnaln piping, puit~Tngstation -; -- -

5 — Jaknia, Cofazos and Scheibnkhoui ~ Total eflic(ency on BOD 90’L
5— 5TORA 11908) Etflueni nneeis Dutch efiiueni atandarda. Ptants are complete wilS siudge digesion and dewatering and are deslgned for specitied nltnii-

cetionEadtandoosL
7— Arceivaia (1989) tunpueeshed) Cxci tand coat end all coningenclea. -

8 — GengaProject Directonate. New Dethi (1989) mndncatnve caicumatton, baaS op esperlerice Of Kanpun demonatnabon piant (mand coat 02-OS ttS$lcap, de
pendlng on the elterneinve) Efflueni al 30 mg B0DIL -

9 — Aaaociated tnduatriaJ conauliania, Bombay (1989) Eftiuent ei 20 erg BODIL, Esciusive of mand coat pumping stationand all coningendes

43
26
29
36
45

38
20
138
111
94
72
7.2
6S
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allow to identify trends. Convensely.calculatingfon
one illustrative ca.sestudy may iead to conclusions
that are not necessanly fuily transferable to other -

situations. A deflnitive cost câlculation foi a given
project should in anycasebe made separatelytaking
into accountall specificcircumstances.
2. In someof the descnibedcasesoxidation ditches
wenea cheapsolutionas compared 10 thealtematives
in the given set: m N-Yemem (in both cases),and in

TheNethenlands4in the caseof the Colombiaset,the
oxidation ditch is more expensive.but delivers as
effluent of muchhaghenquality (onBOD) than its two
competitons.
3. Economiesof scaleare apparent,notably in the
oaseof TheNethenlands.Cost diffenc’nces between the
thneetechnologiesareminimal.
4. The secondN-Yemen casashows that the differ-
ence in construction costs between one lange oxida-
tion ditch andaUASB +smalloxidar ton ditchto arnive
at thesameeffluentquality is negligible
5. Constnuction eost, inciuding land punchase, is
marginally more elevatedfor pond systemsthan fon
oxidation ditches,andby extrapolation for UASE ÷
smalloxidation ditch.This is in thesecondN-Yemen
case more pronounced due to theponous soil, nequir-
ing special measures (lining) to prevent excessive

Ieakage.
6. Most importantiy,the recentcomparativecalcula-
lions for thetwo Indiancases(nefs.8 and9), basedon
lhenew expentencewtth a demonstrationplastof the
UASBtype, clearty indicate that anaenobic tneatment
completed with post-tneatment in order to achieve the
prevailing sharp dischargestandandsis (BOD 20 mg/
L. TSS 50 mg/L) significantl3’cheapen than futly aero-

bic altemauves.
7. In tnopicalcltmaiEsanaenobicneactorscanbekept
small, leadingto hmited construction(andland pun-
chase)costs.

b. Operation and maintenaneecost
The construction cost (including land punchase),
however, reflects only part of the total cost to build and
use a treatment facilify. 0& M cosiscanbeelevated
andform considerable portions of theannualexpendi-
tures of a plant 0 &Mcosts depend strongly omlocal
conditionisfe g labôifr and enengy cost) as well as om
the professionalism and service level strived for by the
management.

Table 5.9 compiles recommendedataffmg levels
for countneswith cheap laboun. Stalling requine-
ments,however,may vary widely with country- and
plant-specificconditions.In industrialisedcountries
staffmglevelof aerobicplantsis muchlowen theplant
is more autoinatei)(liigher investmentcost)andthe
staffbetteneducatedStaffmglevel there (asnormat
man-yeans)typicalty variesfrom 1-2 for 25000cap
installationsto 2-3foi5o,000and324 for 100,000 cap
plantsÇSTORA, 1988).

Ascouldbeexpected,staffsizeislangenfor UASBs
thanfor ponds.1f anâerobictreatmentis only a first
stepin aplant, thestaffmgspecificfor theUASB will
becomelower, but st~ffinglevel will becomedeter-
mined by the post-treatment(aerobic treatmenton
pond). --

Vieira (f988) estim~tesiidnuâl 0 & M costs for
Bra,ztlian condith~na& US$ 0.40/cap.

Table5.9 Hecommendedstatfing levelstor typmcal installationsin aneaswharetabourms rela)tmielycheap(normal man-daysperday) Figures
shouldte seenasmndtcatmveandprelmmiriary

Plant Plantengineer Supenvlson Labounere - Lahtechrucman Total

—~
-~ ~fl -~

—Stabilizatmonportds1
10.000cap a D2 2 02 ! 14
25,DOOcap -~ 1 4 11 6
50,000cap - 3 6 1

1
‘2

10
100.000cap 1 3 10 IS
250,000cap 1 3 17 23

UASB plant2
1D.000cap 02 1 3 0.2 4.4
50.000cap 1 5 16 ~1 -- 17

‘~ -‘--. .a_ - ~a,. -——_,-— —~- 4 .__—i£ ~‘t -

Adepted trom Arthur (1983) -

Adapted trom Haakoning 11989)
• tReguiar aeeiaiance and supervtaion by senior steil must be pmvtded by reaponanbie govemnient euihonity
• indudes watchman, dniven. eic - —
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c. Net PresentValue and Tol al Annual Cost
A way to incorporate 0 8cM costs in onefigure with
constructionandlandpurchasecosts,andat thesame
time value the effect of themomentof expenditure.is
to ca)culatethe NetPresentValue(NPV) (seeAppen-
dLr 2). Another methodis to calculatetotal annual
costs.inciuding depreciationofassets.Themostaccurate
of both is, of course, NPV becanseit recognizesthe
time value of money Table5.10 brmgstogethersets
of calculations performed for different locationsand
pnobably unden slightly different calculation proce-
dures;qualitativeconchanonscanbe drawn

From this table the following tentativeconclussons
can bedrawn.
1. The order of magmtudeof the NPV values for
similar plantsare companablein the dtfferentcoun-
tnies.
2. The oxidation ditch is thesecondcheapestoption in

the first N-Yernen case,slightly moreexpenisivethan
ponds; in the sécondN-Yemen cmeit is the môst
expensiveof theconsidenedoptions Givenitsretative
position, one mdy expect that options with “complete
treatment” (effluent qualtty 30 or 20 mg/L BOD)
involvinguseofanaerobictreatment(UASBs)leadto
NPVstypically cm thecheapside,comparableto those
for ponds.Thevaluationresult.sin theIndiacaseyield
significantcost~affe~encesand areatsostrongevi-
dencethat, dependingon anumberof circumstances
(notab)y land cost), eithen pondson UASBs÷post-
treatment will be cheapest,and that botli will be in
manysituations~heaperthan tnickling filters, oxida-
tion ditchesandactivatedsludgesystems.
3. TheNPV cikulation furtherneinfoncestheadvan-
tageof anaerobicsystemsof beingcheaperin capita)
oost (Table5,6)
4. Basedmi N1~V,tnicklmg filters are margmnally
cheaperunderDutchcondition~thanâctivatedsludge

Table5.10 Setsof NetPresentValuesfor constructton,landpurchaseand0 & M ThisalSdbasuifNYeinen~ertainsto atotal annuatcost
(TAC) NPV doesnotfaiie tnro amountthe possmblerasatevalue of thelandafter theplant life spis Themorenegabvethecostfigure, themore
expensivethe plant.

N-Yemen

---~ ~L ~, i_,~_T~ 11
Country Treatment Capactty Cost Note

(cap) (US$/cap)

1

N-Yemen

Netherlands

India

,~t
Stabilizationponds 25,000 — -206 1
Oxidattonditch 25,000 -~34 1
Aeratedlagoon 25,000 1 -01 1
Tnickling filter 25,000 -328 1

Anaenpond+facpond 46,000 ÎKC -8 63 2
UASB+oxidattondttch 46,000 = TAC -8.80 2
Oxidaflonditch 46,000 1 TAC -9.52- 2

Tncklingfilter

Oxidattondmtch

25,000
50,000
100,000
25(100
50,000
100,000

1
-

1

-425
-321
-254
-425
-365
-314

3
3
3
3
3
3

Acttvatedsludge 25,000
50,000
100,000

- —

1
-474
-3ë4

-299 T

3
3
3

AcLsludge,mcl,sludgedmgestton 41,000 -437 — 4

UASB÷aenatedpond 41,000 -264 4
UASB÷cascade÷settl. 41,000 -200 4

—jt-l ~ !!~ - ,n~, - ~-,-~-- ~
- :a~il ‘0

1 Antisur (1983( NPv lnctudea tnwme trpm reeource recavary ptectcuiture end trrtgatton Pro(ect iiie spen~5yerf ecortonttcdtscount mie 12%, Lând caat
uss 5/ni’ tavouning tand tntenstve optnone (Deak study(

2 Eunocmneült (f988) (comm test study) — - -

35T0flA(1988)Exchangenete HtL21/ustpeskstudy) - - —

4 Genge Project Dtneciorate, New Dethi (1 989( tndlcative Scutetnon. baaS on expentence ot Kenpur denntonstrettonplant Oemat coat 02-0.5 U~/cap,
dependlrç mi the etternetive) Etftueniec3O mg BOOILStudgeand etttuenl ene soid (en US$3 3/ton encftiS$ OM/er’. reap ) bul pas Is notvetorfzed tconnm~
teae eludy)
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and oxidation ditch plants. However, this difference is
not of ei dectsive magnitudeanddoesnot allowgener-
alizationof this conctusion.It mustbe homein mmd
that,contranyto commonbelief, the activatedsludge
plant hasvery low to zeroenergycosts,sinceprimary
andexcessstudges aredigested,and the necovered
biogasis utilized in gasmotorsto pnoduceelectnictty
(incegnatedplant). Unden conditions of most less-
industnialisedcountnieshowever,sucl1integnationmay
pnove to be too sophisticated,making this aenobic
option lesseconomic.

Additional information on the nelative position of
anaerobictreatmentin terrnsof NPV catculationcan
be dnawn from a study carniedout for Dutch c5nditions
(Witteveen-t-Bos, 1988). This study tneats all possible
schemesin a standandizedway. It presumesthatthe
anaerobtcstepis to be fo)lowedby an aerobiconeto
attain complete tneatment, t e BOD <20 mgfL and
>75% nitnification in the oase of the tow-loaded oxi-
dationditch altemativefor 10,000cap,and 10-30%
nitnification in theothercases(nophosphateor patho-
gen removal).The study also performs sensitivity
analyses on acceptable votumetnic loading nates of the
anaerobic reactor, consiruction costs, amotint of N
nemovedin the anaerobicreactor,studgetoading nate
in thepost-treatment,andsludgedisposa)altematives.
A selection of the resutts is shown in TableS11

Tahie5.1] showsthat the applicationof UASBs in
modenate ctimates provides, at the presentstate of
knowledge, a neasonable advhntage of around 5% in
the oase of the smaller plants where oxtdation dttches

areItkely to be setectedThe anaerobtc-basedoption
basloweroperationaiçosts.For mid~ancflargén-sized
palnts,of 50,000-t00,000èlap,theIJASB ap~1mcation
is mone expensiveby 10 to 20% under the given
oondittdns.1f final eff[uent of the50,000and100,000
cap plants has to rneeLthe requtrement of 75%nitnifi-
canon(oxidationof Kjeldahl-nitrogén),NPVsare 10-
20% abovethosefor plantswithout this pronounced
nitrification In the ca~ethatexcesssludgecannotbe
disposedof in agniéûltûneorby dum~3ing,but needsto
beincmerated,theecononucfeasibilityof theanaero—
bic-basedoption imfroves drastically, and it may
become more attracti’~e in most cases than the refer-
ence scheme. This, however, though soon a reatity in
indüstnialised counfnie~, may be tess realistic in dèvet-
opingcountnies.

Thegoodperformanceof theactivatedstudgescheme
is related to the tn-plant power generatton from biogas
from the sludge digesalns Such integration nequires a
high degnee of sophisiicati6n tha( fs less appropniate
for developingcotihïriirs. 1f no sludjédigestiontakes
place,the balance shifts in the favour of th&UASB
scheme with up to 5%saving in NPV ascomparedto
thereference.A seconidbeneficia)effectfor develop-
ing countriesis ahighénambienttemperatureandthus
ashorterhydraulic reitention timesof app 6 h (see
Tahie34) 1f this valueis ifutroducedinsteadof the 8
h, savingin NPV becomesmargunallypositive (0 to
2%)for the caseof The Netherlands.

Concludingly,UASB basedtreatmentachievingef-
fluentqualutyof 20to130 nfg/L is usTially economical

Table5.11 NPV costditferencebntween(complete)treatmentschernesincorporatngUASB, andaiélereticescheme;expressedaspercent-
agehigher(-) or lower (÷)costot fhe UASB-basedscheme(Wttteveen+Bos,1969)Vatid foïTheMethedands,Indicatedarerangeswith different
opnonsw.r t designcntenaandin unit costs,negahvevaluesimply that the UASB schemeIs moreexpensivethan its reterenee.

Plant
(cap)

lnvestsnentNPV O&M NPV Total NPV

10,000
(UASB + oxidationditch) vs (reference.oxidatmondmtch)
-8.6to-12.5 2&5to26.i 1 6.Yto4.3

50,000
(UASB + acttvatedsludge)vs (neterence.activatedsludge)
-Qlto-21.7 -4Jto-9.7 -7to-18

100,000
(UASB + activatedsludge)VS (reference:actfVatedsludge)
1.Bto-107 l6to-46 : -SSto-21.8

Asenimpilone
- Avg hydreutic retentjon time uASe = 8

Sfudge ie elsposed ot in egnioniture
uASa nemovee o-ra N 1 -

Siudge beding in oxidatfon dilch 005 and in ed studge 0 15kg BOD/(kg MLSS.d) - - -

Project imfe span 30 yeer bul efectro-mechanae( part deprecneied in 15 yea~financiai dleanunt mie 8%, enntuâi inftetibn 5 bid for einengy 9%
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in tropica)countnies,butnotororilymarginallycheaper
in industnalusedcountrueswith Lemperatectimate.

The soarcelyavaitableptlot-plant dataon other an-
aenobicreactontypes inducatethat they pnobably do
not performbetten(in tenmsof removatefficienciesat
agiven hydrauhcretenteontime) thanUASBs (Table
3,2).Onthecontranythey may be more expensive than
UASBs; this holds particulanly true for anaenobuc
filters that are filled with plastic filter matenial, which
addsconsiderablyto total cost.

In the abovecatculateonstwo important numenical
valueshadto be assumedwith decisiveinfluefice on
the economicfeasibiluty: for landcost, and for dis-
count nate.Thesensitivity of nesultsto landcostwilt
be funtherdiscussedheneunden

d. The influenceof land oost
Theland oosthasan obvious impacton feasibilities.
As suggestedin Table 5.6, any realistuc feasibiltty
studywil) inciude all costsrelatedto thefull sewage
scheme,inctudmgthesewerageOf course,if sewer-
ageandsewagetranspontationpipesarealneadyavait-
ableandonly anew tneatmentplant hasto beenected,
then the feasibility study oan lumit itse)f to evatuating
only theadditional costsrelatedto the newplant For
a new schemehowever, an optimization bas to be
carnedout: if thetreatmentis locatedctoseto thecity
whenethe wasteis produeed,land costs are high but
the sewagetransportationlines are short and thus
cheap:convensely,if the treatmentfacility lies far
away from the city, land costs are low but sewage
tnansportation costs high. High land costs favour high-
nate technologtes like aerobic treatment and IJASBs;
low land costs favour ponds and lagoons This is
illustrated by Figure 52, in which the typical perforrn-

anceof treatniienutiechriologiesis expressedasafunc-
tion of the hydranlic retention time (whicl’i can be
consideredas an mducationof landuse)

Two sutuations m~ybe distingûished:
(t) landcost decneasesonly slowly as a function of
distanceto the city centre,andlandbelow acnitical
Oost level is avattable too far fnom the city to allow
affordablesewagetransportation(for instanoearourild
metropolises and ispraw)ing unbanised areas like the
Jakarta-Bogor-Tangerang-Bekasi area in Indonesta,
Bombayareain India, Randstadin The Netherlands.
etc); in this oaseland consumingtreatmentfacilities
areunfeasible;
(ii) landcost derYreasessharplyas a function of dis-
tanceto the city centre,andcheapland is available
sufficientlyctoseto the city’s edge(for instanoeas is
the case with many towns at a reasonabledistance
fromother unbanireas)~in this oaselandconsuming
tneatmentmay bemostfeasible

Tocomplicateth&catculation,it canbeanguedthatthe
NPV should inciudetheresalevalueof the land after
theplant’s lifespan 1f this is dode,vastpondsachieve
low NPVs, as it is common that land nearthe city
appreciatesin 20-30years20-50times,this is at ei nate
considerablyhigl’ier than the dilscount rate (real land
pniceincneasesof’5.8 in 8 6% perannumwenefound,
for instance,in 4 representativesuburbsof Bangkok
[Chantana,1987]) Inaway, thewastewatertneatment
plant functions for the city govemment as an invest-
mentin realestate.However,if this resalevalueis dis-
counted and trio ided n the NPV, the oost for its
replacementatanothersite,includtnghighentnanspor-
tation costs,should also be takeninto account It is
obvtousthat suchcompleiecafdulationbecomespre-
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Figure5.6 lnfluenceof land pnceanddiscounffactor on NetPresentValue of treatnentalterhafive&torSana’a,N-Vemen(Arfhur, 1983).
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oanousasit invotvesmanyunknowns.Therefore,this
line of thought is not furthenpursuedhere.

The influeneeof tandoost es shownm Frgui e5.6
for thecaloutatedexamplesofSana’a,N-Yemen(Arthun,
1983). At a discountrate of 5% the oxidation ditëh
becomescheapenthanthewastestabilizatioifpondif
land pnice exceeds US$ 15/m

2 1f the disoouatrate is
12%. the bneak-evenpount ties at US$ 7.8Tm2 For

practical purposes and in most cases, 10 to 12% should
be considened an appropnate eoonorrucdiscount rate;
5% is on the low side. The typica) figures for land
prieesas appliedby Arthurin 1979canstill beconsid-
eredpertinent;landpnicewill havensensincethenbut
for theland categoniesinvolvedthe orderof magni-
tude will not have changed. Thus, one oan provi-
sionally eonelude that a pond system becomes oheaper

than an oxidation ditch when landprice falls below
US$ 5-lO/m2.

Basedon the conctusionfrom TahieS 9 thatone
mayexpectaUASB +post-tneatmentto be cheapenin
NPV thananoxidationditch, it is )tkely that the break-
evenland priceis still lower if ponds are compared to
UASB + post-treatment, possibly ranging between
US$ 4 and8/in2.

As alneadyarjued in Section552, this way of
oompaning land-intensiveand land-extensivetreat-
ment alternativescnn be questioned Cheapland, a
pnerequtsitefor land-intensiveoptions,isûsuallyavail-
ableonly fartherawayfrom the placeof ortgin of the
sewage,thusleadingto highersewagetnansportation
oosts.1f this effect is also takeninto consideranon,the
break-even land pniee will in many cases be furthen

Table5.12 Land pnces(1988/1989)expressedasUS$/n°

Itowered,rendeninghijh-ratéaltemativeslike UASBs
evenmore attnactive.

Table 5.12 oompitès 1988/1989figures for land
prioes,m orderto faci)itateoompanisonwith thebneak-
evenvatuesdeducedby Ahhur.

The real pniceof lancfis sôinetim&diffioult to pre-
cisely assess,as exprôpniaiibn~roc&Iunesvary from
countryto country.Alio, someoountries,like Tanza-
rijn, donotfully necogriizetheopportünityOostofland,
insistingthatall landisownedby thegovernment.The
pnice a plot of land ëommandsvanesgreatty with
location, aooessabititysizeandsha~5e,andsurnotind-
ings.

Notwithstandungthis constramt,the abovefigures
elearlyindioatethattheonitical valuesofUS$4to 8per

are certainly on the tow side for urbanon semi-
urban fringe areas.Even for the rural edgeareas
aroündtheeitiesmentionedinTab/rY5.]1, landpnices
mayoften exoeedthe. thnesho)doost Exoeptionsto
this nute areplots that havelitt)e intrinsio value,for
e~rnplemarshyareasnearacity or aseashore.AIsÖ,
it may be readily asinmedthat the nuna) edge of
medium-andsmail-sizetownsis moretukely to yield
thelow tandpnicesnecessaryfor land-mtensivetreat-
ment systems

e. The influenceof thediscountfactor
The seoondimportant variableis the dusoountrate.
Eeonomiëdiscourit niites ~ir)~ fidm5 in over 15%,
dependungon how the countryvaluesits growth op-
portunities.The finaiioial discount~raterefleots the

Location City centre Around centre - Urban edge Runal edge

IndonesiaJakarta
Bogor
Yogyakarta
Bandung
Ambon

>300
200
75
>120
100

200-300
125
50
60-120

75

50200
501
25:
20M5
25

~1
1

c 50
5-10
f5
6-25
<5

Thailand: Bangkok1
mediumsizecitmes2

-

50-150
>350 25:1150

1
10-40
5-20

Turkey~ fstenbul 150-200 50-75 20-35 10-15

India Hyderabad
Agra

200-500
80

150-200
40

50-~f0
20:

10-30
1-5

Kenya: Nakuru 45 40 351 IS

Ohentaneilgel)
Sindair Knbght end Peninere f1989)
Othen date onitecied 4e quesbonnei ree.
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opportuniuycosts for capital in a given country,and
needsto be oorrectedfor infiatton; 2 to 4%areoom-
mon values.In Figure 5.6 theNPV es assessedon its
sensitivity towards the economiedisoöunt rate. It
appearsthat theoffeotof avaniationfrom 5to 12%has
seeminglyaminor effect, muchlessthan theeffectof
landprioe. However.changingof the rate shtfts the
break-eventandprioe into aonittoal range.

Theapplieddisoountratein faotattributesa value
to futureexpensesandinoome.A low rategivesgreat
weight to the futuretransactions;ahigh ratedoesthe
opposite.In termsof 0 & M espenses,aerobioteoh-
nologiesrank higherthananaemobioonesandponds.
A tow disoounfratethus favourspondsandanaerobto
teohnologies;ahigh rate rendersaerobioplantsmore
advantageous.

5.7 Blogas;arealistlcperspective?
The generationof biogas is generallyoonsidereda
majorassetof anaerobiowastewatertreatment.This
oonsiderationis certainlytnuefor anaerobiodigestion
of sludges.andfor thetneatmentof “strong” industriah
waste water,oontatningmore than2,000mg COD/L.
Thequantityof biogasdependslmearlyon theamount
of oarbonaceousmatter(BOD or COD) removed.C
from hydrocarbons,proteins.etc. is afterthefenmen-
tative reactionsinoorporatedin the C02 and CH4
whichemergein gaseousform. Thebiogasderivesits
energeticcontent from theCH4 theC02,making up
10 to 20%of thebiogas,moreasestheefficiencyof the
CH4 buming prooessas it is abetterheatoonductor
than CH4.

The finanoial feastbility of anaerobuotreatmentis
demonstratedin the oaseof. for example,analcohol
distillery wuth pncesrepresentativefor Indtanoondi-
tions, of whioh some500 er be found in tropioal
countruesaroundthe world.
— adistillery of averagesizeproduoes500HL alco-
hol (@ 96%) daily, andoontinuouslydisoharges601)
m

1/d x 90 kg COD/m3 = 54,000kg COD/d.
Of this toad. 75% can be removed anaerobtoally,

the oalonifto value and fuet equivatenoe benefit oan be
caloutatedto be
(54.000kg CODJdx 0.75x 0.3 Nm1 CHjkg CODre-
moved)x 0.84L fue)/Nm~CH

4 x US$ 0 23fL fuel x
330d/yr = US$ 0.76 mil)ion/yr

The relatedinvestmentamountsto approx.US$ 0.9
million. This investmentis thus reooveredin 1 5 to,
under pessimnistio ciroumstanoes, 2.5 years

1f the samewastewaterwereto betreatedaerobi-
cally, the sheerreounrentoostof aerationenergyis al-
readyprohibitivety elevated.
assumingthat on the averaget ,000 kWh is required

for aerationtoremove1,000k&COD, then the annuat
eleotnioitybill is -

54,000kgCOIJ/dix075x US$0.04/kWhx 330d/yr =

US$ 534,600 1

However,entheoaseof sewagethepictureis lessen-
couraging First[y, we deal with “weak” waste water
wuth a COD contentof 400 to 800 mg/L thatconse-
quently canprodüceorily small anlountsorCH4. In
addition, CH4 is pantly soluble in water; at the given
oonoentmationsthis effect is nôticeablewith 25-65%
remainingdissolved Thirdly, thefinancial feasibility
stnongly dependson the local opportunity oostof
energy oontrary to most industnieswho haveboiler
housesto meet thetr heat requirements,usually no
langemstitutional gasoonsumersareavailablein the
sewageplant’s neighbourhoo4,and the biogas ho-
comesno assetbut affabilitysiiioe it is highly explo-
suve.

The energy iii the gaser be usedin following
ways. - -— -

— thegasis bumt in aboiler. Theheatedwaterand/or
steames utilized in a factony,hospitalon otherinstitu-
tuon thathasaoonstantneed.The financial feasibility
of thegasutilizationonitically dependson thecontinu-
ity andstabifetyof oonsumption,andon thequestion
whethergasproducerandoonsumermatoheaohother’s
needsfor longër~ëriods.EaohIfour oftheday,orweek
in theyearthat this is nottheoasewill negativelyaffeot
feasibility. As exanipleof suchooupltng,the biogas
detiveredfrom the sludgedigestion at the Bombay
Dadar treatmentplant to a nearby hospital can be
mentione&however,the hospital doesnot needthe
gasoontinoustyand does not appreoiateeithor the
regu)arshut-dlowlisoLthesludgedigesterfor mainte-
nanee,nendeiirigltheinvestmentin thepiping andgas
utilization equipinentunecondinical,
— the gasis soldtohouseholdsviaacomplexpiping
system This option huntson theoostof gasoonipres-
sons,piping, sifëïy equipmentandhouseoonneotion
oosts.Gasproduotion fluetuateswith the COD-load
enteningthe plant; gasoonsumptionfollows a typical
diurnal pattem This impliesthatexpensivegasstor-
agetankshaveto beprovided.ExLensivesafetypre-
cauttonsaremandatory Also, oontinuousgassupply
oannotbe guaranieed.A soopefor “low Oost”biogas
oonsumptioneanexist in moré runal areaswith tess
densulypopulatedsettlements.
— the gascnn lie oonventedon-site into eleotnioity
with gas motors. Despttethe poon oonversioneffi-
oienoy (20-26%)andtheoostsinvolvedfor themotor
itself, the gas condutioning,and the 0 & M, this
option is attnacti~e.Theelectruoitycan be utilized in-
ptant, eg.topower aerators in an aerobio post-treatment,
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on to powerpumpsor otherequtpmentNonetheless,
this eleotrioity may in manyIess-industriafisedooun-
tnies prove to ho not much oheapei than eleetnoity
houghtfromthegrid. Anexamplewherethis approach
is tnedoutondenionstrationscaleesfoundin Liifoknow
(India)whenesewageis floccutatedwethalum andthe
settledstudgedigestedin orderto powerpumpsthat
lift city drainagewateroverthedykeinto theYamuna
River. The economicfeasibiity of such a scheme,
however.is not obvuous

Sewageis reportedto generatein Cahi 0 19 m3 CH
4fkg

CODremovedat 25 °Candaheight of app 800 m
abovesealevel (Haskoning.AUW andEmoalu, 1989).
This ooresporrdsto 0 16 Nm

1 CH
4/kg CüDremoved.

It is a low figune duo to the faot that 25-65% ofit
remainsdissolved.At the Bergambachtsite and in
SaoPaulo similar valueswere found, nanginglie-
tween0.13 and 0.19 Nm

1fkg CODiemoved.At dce
Kanpur plant only app 0 10 Nm1/kg CODremoved
couldhoneeovered,probablybecauseof oonsidenable
suiphate neduction iakmg place mthis partioular sewage.
Theonettoaloonversionis 0.34 Nm1 CH

4fkg COD
removed.

Howmuch energy ean ho dertved from a sizable an-
aerohiotreatmcntplant of, for instance,100,000oap

9
Assuming CODbad entering the plant is, unoluding
organiesolids, 0.6 kg CODfm1 x 0 12 m1fd.oapx 1(Y
cap= 7,200kg COD/d;
with nemoval effioiency at 65%andabove gas produc-
tion nato. 7,200 kg COD/d x 0 65 x 0.16 Nm1fkg
C0Dnemoved= 749 Nm1 Cl-Ijd,
or 749 Nm3 CH

4/d x 35 MJfNm
1 CH

4 x 0.25 = 6,552
MJ(eleotnio)/d oonresponding to 6,552 x 10~Jfdx 2.78
x l0~=1,821 kWhld,

or, at a representattveunetpriee1,821 kWh/d x USS
0.1/kWh x 330d/yn =US$ 60,000fyr
This would requireiuistallitedn of agasmotor weth
genoratorof app 1011 kWpowenwith an indicateve
j,u?ohase pnoe (instalied biit without eivil work, ca-
bling, gas piping, g~ebnditioning and appurtenances)
of US$ 50,000 (1989 pnee). In many tess-indus--
triatesedoountnuesthelinvestmentfigure may be 10-
30% tower, winoh, also thanks to ohoapenbaboun,
enlianoesthe feasubili(y

This example, withiopralentative and “unpolished”
values, showsthat ~a}ticulârty in countrieswith ex-
pensive eleotrecity, or irregular or othenwisecon-
stratned power suppl9, biogas utilization via power
productionis finanolallyattraotivein theoaseof lange
tneatmentworks.Thedompleterelaialbmvestmentoan
ho paid off in Iess than2 year.However,it will never
provide the decisive a}gument in faVour of anaerobio
teclinobogy,thoughii is acknowledgedthatit assistsin
nesouroe reoovety~ -

For treatmentplanisof 50,000cap on smallerthe
mvestment oosts beoome pnoportionally heaveer. In
generalit is notadvigeilto distnibuteindutihizebiogas
athouseholdlevel m so-calledoheapon bow oost op-
tions sinee the eoonomic benefit is nu on marginal
whilst safetyis putatseriousrisk.Anexeeptionto this
advioe may lie formed by the niral biogas schemes
based on manure digestion where even small amounts
of biogas èontnibute se~nifit5iintIy t6~omfort, devebop-
montandwoodoonservationManysuchsohemesare
reportedto havefafleld, bal succesi’ulonesexist in
India, PR China, Ne~a1, ‘taiwan, ete.

This finanoial advhntagewasnot taken into ac-
eount mSectxon54. but it is not expeotedthat it will
havea noticeableeffecton therankings.



84



85

6 The Position of Anaerobic Treatment in Waste
Water Management Schemes

This Chapterwill discusswhich additional treatment
(post-treatment)can be proposedto renderanaerobic
reactors part of a “complete” treatmentplant, and
underwhichcircumstaricesandin which wastewater
managementprogrammesanaerobicreactorscan pro-
videattractivesolutionsat on-site,off-siteor interme-
diate scale.

6.1 Post-treatmentoptions

6.1.1 Needsand opportunities
As wasarguedinSection2.5 1 it is for Iess-Fndustrial-
isedcountriesbestpolicy to designtreatmentschemes
underthe assumptionthat eventuallyfairly stnngent
dischargestandardswill be imposed(seeTable2.6).
From Chapter5 it can be concluded that the weak
points in the performanceof a single anaerobic reactor
residein its (i) ~ood but stili insufficient removalof
BOD andCOD. (ii) zero nitrification, producingan
eflluent with readily oxidizableammonia (iii) poor
removal of pathogenicviruses,bacteria,protozoae
andamoebae,and(iv) relativelywidescatteronefflu-
ent quality characteristics.1-lowever,the alternative
treatmentoptionsarenotalwaysnoron all countsper-
formingbetter.andin manycasesit appearsthat these
weredefinitely moreexpensive.Attachingpost-treat-
ment to the anaerobicreactorcould solve(part of)
abovelimitations aL competitivecost.

This circumstanceprovidesan interestingadvantage
to anaerobictreatmenibecauseIt allows phased in-
vestment. In such a complete plant the anaerobic
reactoris thefirst andmajoritem, responsiblefor the
largerpart oftheoverall treatmentperformance.This
is in contrastto thesituationwith conventionalaerobic
treatment,wherethe secondtreatmentstep (thebio-
logical treatment)is mostimportant.This meansthat
anaerobic-basedplantsallow achievementof three-
quartersof aneventual“complete”treatmentperform-
ance by investing first in this first phaseandin due
time completingit with post-treatment.Aerobicplants
do not allow this flexibility in investment schedule,
sinceinvestmentin the primarysedimentationis corn-
parativelysmallandleadsto limited result.The two-
phaseaerobicplants(A-B plants)do not possessthis
facility either,as their (attractive)economiefeasibil-
ity is based on sludge digestion resulting from a

completeplant.Onfypondsor lagoonswouldprovide
the samefacility.

6.1.2 Simple aeratlon
Dependingon the soil characteristlcsandothereco-
nomic considerations, the reactor will be constructed
aboveor undergroundlevel 1f ii is constructedabove
ground level, sewage witt have to be pumped to the
waste water inlet/distnbution boxes on top of the
reactorAfter passagethroughthe reactorthe water
flowsovertheoutletweirsataheightof4to 6m above
groun6level.This ~oIenti~ienergyiiin beusedtohave
the water sprinkledout and trickling down an open
woodenstructure,or in acascade.Thefalling droplets
strive for equilibrialui with the sufrounding air, and

desoib dissolved gâses, iike aminonia, hydrogen
sulphide andmore êoinplexgaseousconstituents,and
absorboxygen ThéRiisorptionleadstoareductionof
oxygen consumptionin any subsequentbiotogical
oxidation (as takesjlace~.g m a iratural way in the
receivmg waterbody). Ii i~presently still impossible
to quantify this effect precisely, bufit can be assumed
that afew percentagesof BOD areremoved this way.

The amountof oxygenabsorbedcanbe calculatedto
be t 5-4 mg O.,/L, dèpendingon sprayheight, tem-
perature and geometric variables The combmed ef-
fect thus leads to areductionof the subseqiientoxy-
genation requirenienl of 5-10%, in an easy-to-con-
struct aeration tower at a relatively small cost The
constructionwdukfiiivolve a number of water distri-
bution pipes with spiayin~ slots on top of a wooden
open structure which rests on a flat concrete collection
floor, operationandmaintenanceare minimal

The obvious disadvantage of aeration is possible
odour nuisance. According to the experience with
demonstrationplants,odournuisanceremainslimited
if the reactorefftueiit is ~tined unnecessarily,it is
probable that effluent aeration will necessitate meas-
ures to collect and treat (or dispose of through a high
stack)the exhaustgises.

6.1.3 Biological post-treatment: activated sludge,
oxidatlon ditch

1f the anaerobicreacinris constructedanderground
level, post-treatrnenfcould consist of art activated
sludge or oxidation ditch system Given the prefer-
ence for more simple and reliable technology,the
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oxidation diteh seomsmost advisabbe,as it es alow-
natoandnot-too-eomplexsysteni;it hastheadditional
advantagesof (i) low pnoductton of exoess~sludgo
whioh is stabilized, and (ii) rebatively large reactor
volume and low sludgo loading, thus flatteningoff
variations in the effluent quality of the anaerobio
reactor.

The oxidationditch also provides fu]l nitnifloatton
of the effluent (all ammoniaoxedizedinto nitrate)
whioh is positivein anenvironmentalproteetionstrat-
egy. The arnmoniaes themajor oxygen oonsuming
constetuent in the anaerobeo effluent and thus deter-
minesthesize(andoost)of the post-treatmentIn the
folbowing examplethe required brutto oxygen de-
mand(takmgmto acoountall efficiencylossesrebated
to meohanioal aoration) es caloubated for the oase of

zeroandfull nitrifioation in aplantfor apopubationof
100,000.AssumedPopubationEquivalentvaluesare
50 g BOD/eap.d and 10 g Kjeldahl-N/oap d, the an-
aerobio reactor is assumed to iemove 75% Ca high
estimate) of inooming BODand to oonvert all Kjol-
dahh-N into ammonia
— Zero nitnification, in ahigh-boaded activated sludge
system: brutto oxygen adduotion required is’ 0.05 kg
BOD/eap.d x 0.25 x 0.9 kg O

2fkg BODx 1.75 x
100.000cap= 2,000 kg OJd, this involves an energy
oonsumptionof
2,000 kg OJd x 0.67kWhjkg 0, = 1,340kWh/d.
— Full nitrifloation and sludge stabulization, in a low-
boadedoxidation ditch~
brutto oxygen adduetsonrequiredis [0 05 kg BOD!
oap.dx 0.251 1.2kgOJkgBOD + 0.01 kgN/oapd x
5 kg OJkgNl x 2 8 x 100,000cap= 18,200kgOJd;
this involvesenenergyconsumptionof 18,200kg 0)
d x 0.67kWhlkg 0, = 12,000 kWh/cL

When oomparingtheseenergy eonsumptionfiguros
with the expectod enorgy produoteon (see example for
the sameplant sizein Sectton5.9), it appearsthat the
high-boaded aetivaced sludgo system has the advan-
lage of oonsuming only a little loss than the electric
enorgy produced by the anaerobic roaotor. The t.eohm-
cally andenvironmentallymost appealengoption,the
oxidation ditoh as post-treatment, consurnes several
timos more energy than the reaotor can provide

Therelatedoapital investments for these two alter-
nativos arenot necessarilyin the samepnoportionas

Assurrptions 025 is the remainingfrachonoFtheBOD bad in theatfieent ii
iiie reactorlist anettioericyof 75% In the rest catculalion1 75 is thereqifired
over-oxygenationcapsotyin onierto provide the stotchlometniailyneeded0 9kg
OM BOD, in iiie secs,nddaiajiate,nttits ttgureis tsgher(2 8) becatiseofihetong
hydraulicretenlionlinies )twohed

their energy oon~umption. Total oosts expnessed as
NPVswere ealculatod for similar situations in Section
5.64c, where the predominantiniportanoeof the
nitrefloattonwas~hreadymade apparent. Also, exoess
sludge from acti~atecLsIudge systems needs further
aerobioor anaerôbiodigestion,both options add to
oost and operational oomplexity rondening them pos-
sibly loss attraotijein loss-mdustrialisedcountries.

Conoluding,for any selootion it is mandatoryto
idontefy the prionfites a treatmodt seheme hasto fubfihl
(assumingwarmçlimaeandoonditionsof Iess-indus-
trialisedeountrie~).
— if no noodfor nitrifioation oxists,the plant sizo is
abovo 100,000 cap, and suffioioitt engineering experi-
eneo is available fo manago a complex plant, a UASB
+ aotivatedsludge plant with sludgo digostion is
advisablo(providèd it pnovesmore feasiblethanthe
fully aerobiooptibn);
— if netrifioatidnis roquirod, lelrgo plants (> 100,000
oap)may benefitÏnomthe UASB + activatodsludge
option but the UASB -+ oxidationditeh is a foasiblo
competetor, smaller plants (>50,000 cap) will nood
the UASB -+ oxi4ationditoh (providedin both oases
thoy provo moreÏoasible than the fully aerobioop-
tion),
— if no nood for nitnificatton existsandplant sizo is

� 100,000oap, the UASB + oxtdation ditoh is still
most likely the kasibleoption beeaiiseof the sludge
problom (provtd&d it provesmore feasibbethan the
fully aerobeoopttön anden option involving ponds).

Insuffioiont ekpetionoêoxestswith respectto thepos-
seble simultaneous dsgostion inside the anaerobic reactor
of the exoosssludgofrom theaorobiotroatment.The
UASB reactor tÇpe could in pnnciplo accept this
sludgo, reactor types with a rnter matertal may be
proneto o1ôgght~A niâjôrpossiblodtffioulty would
beatoo poonsottleabilityof thesludgecausingoxoos-
sivo wash-outelf partioulatomâttor.

6.1.4 BiologlcaFpost-treatment: trlckllng filter
1f the reactoris eonstructodabovogroundlevel, the
availabloheadm theovorflowitfg emuenteenbo used
to haveit triokle down in en aerobte tricklmg filter
(hoeght3 to 6m) Thetrioklengfilter hastheadvantago
of not neeossetatmgmeohantoalaeration.

Whena treoldiisg filter troats sowago, the fastbio-
mass growth on the filter medium must lx kept in
oheckto avord clogging,this is doneby having the
Filter’s effluent settled ina small settling tank(equippod
with sludgeralcingbri4ge)andreoiroulatingthe efflu-
ont over the filtei, thusiifelreasiiig the hydraulic soour.
For the filter to funotion at areduoodeffioeonoy(40-
50% on BOD) such setthing tank with ils appurte-
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nanoosmaynot bo nooossary,this would rondenthe
system more appropriatefor smallerplants en loss-
industrialisedoountries.However,littbo is knownabout
howsuchafilter behavoswhonit is fedwith theUASB
offluent whioh is highly roducod and cannes a BOD
oonoontratioinof typically 30-70mgfL, well below
that of oommonsewage.In warm olimates,a single
passthroughthefilter may,dependtngon volumetrio
boadingrate,oorisistentlyalbowromovalof 20-40mg
BOD/L plus afair dogrëe(50%)of riitntfication with-
out biomassgrowth exceedingthe seouringcapacity
of the nominal fbow rato. At any rato, the filter will
haveto ho carofully designedto oombino both objoe-
tives

Also heroodourprobbomsmayariso. Finally, the
tniokling filter procluoosanunstabibizedsludgewhioh
noods further treatment.Similar considerations, as

with activatodsludgo systems,arevahdhoro.

6.1.5 Ponds
1f land prieepermits, the anaerobioeffbuenteen ho
“polishod” in afaoultattvepond Sucha pond would
romovothe oxeessamountsof BOD, oxidizo ammo-
nium,endmineralizoon its bottomanysludgosottbod.
Acoumulatedsludgo noedsto be reinovodonly onco
ovory two yoars.In viow of the largo volume it con-
tains. it will also help to level off the peaks in the
anaorobiceffluont; theseareoftenrelatodto wash-out
of sludgo. whioh cnn roadily settio in the polishing
pond.As is theoasewtth theoxidationditoh,thepond
will have to lx designod on its Kjoldahl-N bad.
Rotontion timeswill ho at bast 1 day.

Ponds or channolswith floating aquatsomacro-
phytos can also ho considorodfor post-troatmont
Their partioular bonofit relatos to the pronounoed
removalof the nutrtonts(P and N) by the miorohos
associatedwith the maorophytos.The advisodnoten-
tion timo is then not bowerthan 7 days

1f theovontualobjectivois alsoto inducesuffictent
pathogenromoval,asenesof 2 to 3 pondsweth total
retontion time of 20-25 days will ho necossary,as
bactorial andvirab dooayis primanly depondonton
total retentiontime. In this oasethe msertionof the
UASB in the troatniont sohomeservosno purposo

6.1.6 Otheroptions
Other options inoludo, for exampbo, iotating (aerobic)
biobogicaldiscsandthe’ropooontactor.Thediscshave
the reputationof beingusor-friendly, roliabbo, simple
in operationandconstructeon,andthiis appropriatofor
Ioss-industrialtsodcountrios.Nonetheloss,the avail-
abbeoxpeneneois relativelylemeted,andoftenpertain-
ing to smallpibot-plants It is ovenmorelimstod in the
oaseof the rope oontactor(reoently devobopodby

NEERENagpur,Tn=dfa). - =

Although it is acknowbodgodthatthesealtornativos
hôfd considerablepofontial, it is feli that oonoluseons
would notdeviateinu&i fromthose-portainingto other
attachod growth roaotors like triokling filters.

6.2 Anaeroblc reactors In waste water
management schemes

6.2:1 Centrülisèiöff-sitéiption, ~âmmonsewerage
The usualsituation oiso etiountorsis bocationof the
troatmentfacelityasobosoaspossibboto the disehargo
point (in rivor, bake, ostuatyor sea);thes disoharge
point,of eourse,is to ho locatednot too far from the
city whoro tho wastois producodThe plant is con-
oeivod to accommodatoas muchof the city’s wasto
wateraspossiblein ordertèmakeuseof theeoonomy
of scale,andthe highorquality of oontralisedopera-
tion andsurvotllanoo.

The appbioationof high-nato anaerobictroatment
hasno parteeularoonsèquonoosfor the overallschome
andtherobatedcosts.thesowagonoedstoho adduoted
in a rogularsoworagÉsystem.

6.2.2 Decentralised olf-site option

a. Multiplo dischargepoints
Anaerobioreactors,nôtabbyUASBs,albowfor docon-
trabisoderoction:sincéthe UASB etsebfhasrelativoly
fow movmgparts.is fairly sempbein oonstruoteonand
operation,andoonsurheslittbe space,theoconomyof
soalois losspronouncod.Theadvantagoof this dooen-
tralisation mustthenho foundin boworoostsineurred
m the constructionand/oroperattonof the sowerago.
Howevor,removaloffioiodoy of UASBs on oxygen-
consumeng substanoeslike BOD andKjeldalhl-N, is,
generally spealcing,Loo 110w to warrant direct dis-
chargeof the anaorohic offluont A sohemo whioh
onvisagos, for exaiïtjilo, ~oparatetroatment of the
sowagoof partsof titel oity (“townships”) andleading
the effluetsts to the ~ocorvingnver abong soparate
disohargolinos is likoly to hurt on the fact that post-
treatmentwill oventuâllyho requsred(Figure 6 1) As
proviseon of post-troatmentinoreasosthe plant’s
compboxityas woU as the total noodfor land,oontral-
isationbooomosagainmoreadvantageous.Art oxoep-
don to this statonion(is thesituation whero hotwoen
city herderand rocor’~sng wator suffiesent and ohoap
landis availabboto altowproviston of small polishing
ponds

Howevor, in two spooifec casosdeoentralisation
may open up interosting porspoctivos. These will ho
discussod horoundor.
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b. DocentralisedUASBs at “township”-level as
pre-treatment(Case6)
Partsoularlyin thelargorosties.thesewago transporta-
tion systemmay tum out to ho oxponsivoasacome-
quonco of the faot that the sowago,whsch bas to ho
eonvoyodovorlongdistances,carriesabadof organic
materiaiandgrit whioh tonds to sottlo in the sewor.
This aceumulatsng sludge maycauso sorious blockage
problemsandhenceeapacityreductionof the sowor
pipos.In ordertoflush this sludgo,themaximumwater
volocity in the sowershouldregularly oxoeedtheso-
ealbedsoounngvelocity; this cnn ho attainod hy do-
signing the sewer al a rolatively steop sbopo. This
implies doop tronchos, more frequont intomiodiato
pumpingstations,andhonoemuchhaghorcosta.

An altornativo thatmerits furtherstudy is to pretneat
theraw sewagebocally,removingall settboabio mate-
ria!. The offluont can thon ho tmansported through
ohoapor trunlc sewors that are loss sboping (laid as
shallowsewor)andmay nood manhobosfor mamto-
nancoat loss froquontsntorvalsas it is likoly that if
oboggingocourset will ho causodby matorial that is
easiorto romovo.

Figure6.2adopicts thetypicaloxomplarysituateon
whioh is usodhereto carryout atontativo oaloulation
of oonstruotioncostssnvolvodin suchenoption.Eaoh
sectorwith housos (townshtp, oomparabloto. for
oxamplo.the Indonesiankampurg)is servodby shal-
low soworagebntngmg the sowagoto asmail plant
consestingof adegrittingchannolanda UASB. This
plant canho bocatodonasmallplot of landonaeornor
of thesootor: it oontamsahousofor theplant carotakor
andtheremayalso ho a sludgo-dsyingbedprovsdod.

City

Tito offluont is partially troatod, is oboaror, doosnot
contain (much) s ttboahlo matter, and is saforin torms
ofpathogonsconoentration(holminthovaareromoved
to acortatnoxtont). It is convortodin aform moreop-
propriato for furthor conveyanoo. In addstson, the col-
lectedsludgogoes througha stabilizationprooessm
the anaorobioreactor,making it oaseorto handlo it as
welL The overall BOD removalofficioncy actitovod
within the systeab, r e. beforothe optional post-troat-
mont outsidothecity, can amount to 70-80%.

Thisdogiodofdecontralisationcanonly hoachievod
by a compactanuerobioreactor, like a UASB. It is
assumed that odour nuisanoeis limited

The Oost estimationfoF the wastotransportationand
local treatrnent part (thusoxeluding theoptional con-
tralisedoff-sito post-troatmont)isgivon in Table 6.1.
The samtation p~ogrammocoosists of the sowago
oollootsonwtthtnthetownship,ttslocal troatmontand
its further oonvoyanooto aplacooutatdothe oety.The
basic design assumptionsfor the convoyancoused
homoare.
0) sowagooolloction(fromhousoholdto local IJASB):
— averagoareasérvodpersector

300 m x 300 ni = 9 ha,
— popubationsorvedpersector:

[200 to 250eap/ha]x 9 ha=1,800 to 2,2.50eap;
— raw sowage oollectiqg sewor

max.longth 200m, sbopo 1: 175,
pipe deamoter ~0 cm (to allow manualcloaning),
avorago oxoavateon dopth 1 5 m,

— sewago (grey ~‘astowater) produoteon
50 Ijoap d, poalcfaotor2;

— numhor of housoholds(hh) porsector’ 250to 320;

R~er— ___ ____

Treatment

Figure 6.1 Two approaohesto looatesowagetreatrnentplants In theconvenborialcenlralisectoptton(leftI the choteeof tmeatrnenttechnology
is notdectslveThedaentraitsedopton(nght) couldavo:dsubstanhalsentenageoinstructïon,tuTrèquiresrelativelysnall, easy-to-operatetype
of teohnology,the UASB orsrnlatanaerobi:treatnentmayqualify lor this, -
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(ii) pro-treatedsewagetransportation(fromlocalUASB
to oontralisodpost-troatment)~
— numborof sootors (townships)in city 20,

trunksower:longth 3 km, sbopo4.2 to 1.211/eo,pipo
diameter0.15to 0.35m, averageoxoavatioûdopth
5.4m, but depthvariosfrom 1.5 to 9.3m, assuming
love! area.

Tho Oost ostimato is givenin Table6.1.

c. Decentralisedpro-troatmontin sharedUASBs,
seweroption (Caseo)
A socondaltemativeway of “oonditiontng” the raw
sowago,omat bastitsblackwastowateroomponont,is
to oolloot via shalbowsowersoethor the greyor the
black wastowaterin sharodundergroundroactorsof
smallsize,in asettingoomparabboto tho Cimindi set-
up (sooSectron35.1).Again the ovorfbow as drainod
viaasowemagosystemof asimplifled designasno or
fow sottloablosobidsareto bo oamniodthroughthissow-
orago. This degroeof docgntralesatroncan only ho
acheevodby a compact anaerobioreactorlike the
UASB. Tho BODromovalofficioncy acheoved withm
the systemcould attâin 60-70%. It is assumedthat
odournussanoeis hmitod.

The typical “formalisod” oaseaioa usod for the
Oost oalculationhome is dopietod in Frgure6 2b The
designbasis is asin oasea, but with
— numborof housoholdssorvodperunit’ 10,
— sowor botwoon sharod UASB and trunk sowor:
max. longth 200m, min. sbopo 1 500,pipo diameter
15 om.

The oost ostimato is rocordodin Table6 1.

6.2.3 Centralised treatment, sewage conveyed In
drains + sewer (Case d)

A fourthapproachthat airns at lowonng theoverall
costsof thesowagecôllootion, conveyanooandtroat- -- - - -

niëfit nihemè )sl t~~èkii6i~m1odgothe faot that the
highestcostarendeijs the oolleottonpart (soworage
latomals). Thorofomo, itîstoad of laymg oxponsivo sew-
emagoin theoftondonselypopulatodurbanareas,it can
hoenvisagodto usoopenor ooverodsurfacedrainsto
colloot(besidothestormwater)sullagoaswell aspart
of theblackwastowater,m theformof theovorfiowof
sept10tanlcsandloaohmgoosspoolswrthfaslingperco-
lation facilitios. This :mixfûro is cortainly unwantod
fromapublichealthpointof viow, butit cnn hoargued -

that this situatsonkasalreadyoxisted for long portods
m tsumeroushagb-ciojisity settlomentsthat are not
servodhy closedsowers,without bebngoboarly corro-
latod to ondomsodasoasos.The acheoved overall BOD
memoval withm the sy~tom is Ismitedto 20-30%.

Tho water eolleoted in the drains fbows overinto a
regularsoworat theedgeof tho high-densitysottbo-
mont. During rasnfali, the dratnsdisohargoram water
into thesoworaswoil, hettheovorfiowstruoturoat the
sewer’sinlot is oonstructodin suchaway that only a
spoeifiodmaximumflow es albowod into the sowor
Pxeesswater, whioh is thus mixodwith sewage,is
drasnodin guttemsabomig the maanstroots.

This approachhai tiot yèl boon iniplomontedofton,
it is bomgtnied out in (wo sitosin Indonosia,i.a. in the
Setiabudi areain Jalcarta.The ovontual troatmont
takes plaoo oontrally, thetreatmont tochnology ohosen
should proforably ho capabboof handling the full
sowagomixturo, whioh is considorabbydiluted In this
senseanaemobeotreatniontis lossappropriato.

(nhallowt

tt-unk setter or drain

———shallow sewer

(3 conninal

Flgure6.2 (e) Formalisedlayout ot the studiedoaseWith township- (b) Fornalsedlayoutofthes~~diedcasewtthdnientratisatioriapplying
level decentralisattonapplying UASBS. sharedUASBs (oneunit per 10 hottseholds)

‘?

--°-‘a

0-In - IC

shallow sewer
o shared UASB
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Costshaveboon tentativobyosternatodfor a“formal-
isod” layout,on thesamobasisasin the casosb andc
of theprevnousSootson.Thoyarenoportodin Table6.1.
Designbasis is:
— oxistmg in-township drainageand on-sito wasto
disposal snfrastruoturo isispgraded, oost 10% of oost
of now infmastruoture using open Isnod dmaims and binod
pits,
— flow aooeptedby sowor:dry-weathorfiow(DWF) +

stormwater(4 x DWfl;
— trunk sowor is of oonvontional design,beoauso
sowagooamossotttoabbomattorandgret. sbopo2.6 to
1.15°/eo,pipe diameter0.3 to 0.7 m.

It appoarsthat tho hsgherflow ratesnocessitatomuch
largorpipo diametomsthan in oaseo, but the corro-
sponding velooitios aresuffiosontly elovatednot to
nood the samostoep slopos.

Casesbando snvo!vetotal construoteon costa of app.
7.5 and7.8 US$/cap, against 6.3-9.2 for oase d Givon
thetentativenatureof this oalculataon,thedifferonoos
are not really signifieant. The important point how-
over is that wethm an onvironmontal protoeteon strat-
ogy casos c and eertaanlyb score n’sarkodly highor than
oased, atcompoteteveoost. Fromanoporatsonalpoint
of view,oasebhastheorucial addetionaladvantageof
allowang profossional control over a much smaller
number of treatment faoilatsos, whioh inoroases overall
roliahility.

6.2.4 Centralised treatment, sewage conveyed In
drains (Case e)

A varianton the“Sotrabuds”schemoas the collection
of drainageand storm water, sullage and possiblo
overflows of on-seto sanitatton facelatios, in an open or
oovereddrainagesystem in the city. The collectod

Colleotton system
- inunplannedarea
- in plannedarea

Tmnksewer
(3 km length)

Removalelfiolency
on BOD asoonbeaohievedby the
avarlable tocal treatrnent

water is then convoyod nut of the urbanareain an
opon, relatsvoly wide channel wak limitod slopo. Tho

wat~as in dry_syoathçroorsdliions dofinatoly to ho
mogardodas wii~e water, and is bod to a troatinent
facility. Sinco this trahsportatiôndrain is compara-
tivoly choap and otisy to maintain, it is now feasiblo to
brirag the wastewatersufficaontly far awayfrom the
city whore landprtooes bow andpondsareooonoms-
cally attraotivo. -

Two suchschornoswestdos~gnodandbusbt in the
ponod1987-195971nKhonKaonandNakonRatcha-
slnia,Thailand Theschomeswarest~rtodin 1989,but
oxporioncois stiJllimitod Tho crucial concernper-
tains to the publio hoalth impactof apublioly accos-
siblo opendram;of courso,thepublic is discouraged
frommakingusoof thedrasnodwater,butthequestion
remainswhothor the local communsty,in partioular
the poon and rural poopbo, will ho abbo to recognise the
rtsks mvolvod. By extonseon, the quostaon is in how far

any positivo oxporionco can ho oxtrapolatod to other
countnoswith adifforont culturo

The schomos,howovor, haveconsidorabloadvan-
tagoswith a oboazoverall ooonomnsobonofit. (i) the
wasro wateris oolloetod andtransportodm rolatively
ohoapandoasy-to-constructdraansthatarealso easily
aecossibloandthus choapin maintonanco.(ii) as a
rosult,thecontralasodtreatmontplant, of aland-inton-
seve type (ponds)ieombintngofficiont and effoctivo
operatsonwith low costa,canho Iocatodawayfronstho
city onchoapland,and(iii) theopendrain functionsas
unmtendodprimary treatment

6.2.5 Anaerobic treatment In waste water re-use
schemes

“Sowagefarming”wasoneofthefnstmethodsadoptod
in Europetn the19thconturytodisposoofrawsowago.
High landcostain thosocountriosquscklynondoredthe

Table 6.1 Construottonoostestrmatesfor Waste waterconveyanoeand local (pre-)treatrsent~exdudedland costs)for threeWastewater
conveyartcesohetnesbasesb,c andd) asappl’edon atomiatisedurbanlayout Côstsasfor tndoneslanoondibons(US$Joap)

-~ ~ ---

Sohemeoomponent Oase b
--

Oase c Oase d

-. .-

ToWnshtpUAsB
-~

SharedtiASd
- - ~-~-_-~i 1L:~tn

On-site+draana-sewer
:_ -

47 4.9 0.4
44 47 0.4

3 3 - 5.9-88

70-80% 60-70% - 2tl~0%

- ‘~rt,L~~i_,, iI,i5z’. E
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Tabte 6.2 FlecomrnendedmiorobsologtoalqualitygutdeltnestorsewagemeentforrrrlgeiionpurposestWHO,1989)Rguiesoremeantasdesign
goals, notmaximum pernitsstblevalues.

Re-use Exposedgroup Faaoalcolifdrms

(-/100 mL)

lntestinal
nematodes
(ovaaL)

Crops eaten uncooked,sportsfields, parks Workers, oorssomers, publtc � 1 ,P00~ -- s T

Cereat,industrial todderorops,pasture.trees Workors nostandardrequtrad s 1

Locatized, no exposureto workers or publtc None requtred no standardrequired nostandard

For patat or hotel Lawnswtiti whlcb public wrnes int direct nantact,s 200faecatcoarormsftoomL. -

mothod unfoasiblo howovor. In manyandcountrieson
the other hand,both industrialtsodandnon-irsdusina-
alisod,sowagofarming bocameineroasinglypopular
as an instrumentof wateroonsorvatton.In almostall
thosooasosthe sewagoas treatodprior to its re-usein
an attempi to roduce the health risk to the public, the
oonsumers and the agrioultural worlcors. Ro-use of
treatodoffluont for srrigations and greonspaoo watoring
as practsoodin Spainandother Modstorranoancoun-
trios, NorthAfrica (Tunis), Israol, Jordan(Amman),
SaudsArabia,Kuwatt,Peru(Luna,Ica),Mexico (Mexico
City), SouthAfrica, Australia(Melbourne),theUSA,
and notably in India. In additton at has economie
importanoofor ptsoioulturoandaquaculturoin India
(Calcutta),sovoralEasternAsianeountriesandWest-
om Gormany(Munioh) In thesecasosomphasisbios
on nutrientre-usoratherthan on.watorconsorvation.

In this contextpathogonromovalas thesnostrele-
vantyardstsckfor wastewatertreatmontporfonnanee.
Removal of BODand susponded matter are of much
lossurgoracy;suspondodsolidsshouldho low enough
to allow easytransportattonof thesowagoandshould
not causosiltationof theirrigatodsoil (blockangofsoel
poros)Treatmontmayovonho sub-optsmalasthefor-
tslizing valueof the sowago(potablyalsP content)as
roducod: during aerobao troatmentsomo of the N
contentanda oonsidorableportson(10-30%)of theP
contentareinoorporatodin thebiologicabsbudgo(bio-
maas)2.Comventionalsewagotreatrnoratthus reduces
the intninsto value of tho re-usod sewago, and adds the
high oost of the troatmont and sludgo handlang. An-
aorobic high-mate troatmtnt has horo an advantago

bocauso it produces loss exeess sludge and boavos

AtanImgatsenrateot 2 rra/ytwhtch Is nammontyrequrredin semi-andregtons,
tytcalsewageo)noarttrataorasof 15 rugNIL and3 erg P/L correspondto annaal
nitrogenaMptvsptenasapptscattonretesof300and60 kg/ha,redp Such nutd-
ent r~xatscanetiminatetheneedtor cersrneroallerttlrzerIWHO, t 989)

noarly all nutnonts in the offluont. Noither treatment is
capabbo of complete removal of pathogens (seo Table
5 4). These oxtsts thereforoofton aiondenoy to apply
ponds wath sufficienti retentaon timë as treatment bo-
foro ro-uso they have, as disoussod in Sections5.4 and
55, the advantagoof boang in principlo choap in
000srruetooc oasy in oporation and roliabbo

The risk associated with a particular pathogon
deponds on na numbor oxomotod by humans, ets info>
dvedoso(dopondsin. onhostimmunity), itseapaoity
to inultiply after exorotson, its latency (dm0 botwoen
oxorotaon and sta bocoming infoctivo; portains to
helmanths only), its persistonco in the envaronmont,
andthepossibbotransmasseonroutesmvolvod(mayho
via intermediatehosts).

Quality goidolenoswereformerly based on the wssh
to oleminate any potential risk te health, thoy woro
snfluencodby approaehosof the water supply sub-
sectorin thesensethatonly bacterialandteatorswest
consideredand thataometimesvory striot drinking
waterqualaty standardsworo appliod. Recentopido-
miologio ovtdonce howover, shows that posssbbe dis-

oasos aro causod notabby by holmmths, that are con-
ventionally not monetored; therefore now guidolinos
nood to hosetup ustnaaqa~jtedafforontconcept.Based
on this data and companson with other standards, o.g.
for bathing wators.reoominondattonshavebeencon-
donsod anto two major parameters as dosoribod itt
Table62. -

These now guidolinos aroby oonsoquonco stncter with
respectto helminths, but relax provious noeommenda-
tionsfor baotorial000tammateon.Theintostinalnoma-
todos (a broadcatogory) should sorvo as indicator
organasmsfor all the Iargn settboabbopathogons,in-
oludangamoebaceysts. No bacteniab guideline was
eonssdorodnooossaryin oaseswhorofarmworkersare
theonly exposodpopulation,sincothero is lattbo om no
ovidonce andicatang insk to suoh workors from bacto-
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na.Thereoommondataonswouldr a eau for ahelmanth
removal officaenoy of 99.9%; howevor m regio~s
whore intestinal holminths arenot endomsc,a 90%
officionoy would suffico.

Asfor pisci-andaquaculturo.tentativoroeommon-
dationsinoludo
— for pond water: averagofaeealoohfonms� l0~/
100mL;

— for the waste waterflowing to thepond average
faeoabooliforms ~ I0l_104/b00 inL, -

— for both. zerohelmenthova

Theabovediseussionis highly relevantto thequestion
whethoranaorobtotroatmentcanhaveaspecificplaco
in re-usosehomos.Ondertheold guidelinesthisques-
tion wasto ho answorednegatavoly,unlosstheanaero-
biotreatmontwasonly pro-treatmontpniot to compre-
hensivedisinfoctaonorsmpoundanent.Thenow guido-
linos fooussingom ovaremovalbadto the folbowsng
oonlusioms~
(t) if tho 1,000 faecabcolifor-m/bO0 mL standard
noodsto bo achievod,and
— landprioois low (sayholow US$ 3-5/m2),aseries
of pondswith long rotentiontinto (typsoalby25 d) is
advisod;
— landprico is higher,a UASB followedby asmaller
pond sonosas optima);
(ii) if no baoterialstandardapptsos,and
— land prico is low, a senesof pomds with notontion
time of 8 to 10 days as advasable to moet the helmamth
standard;
— land prico es highor,a single UASB, or a UASB
folbowed by a small polishangpond (retentiontime
1 d) is optimal; the differenoedependnmgom whethor
intestanalnematodesareendemic.

It is often proposodto achievogood bactoriologse
quality by chemneal)ydasinfootangtheraw orpartially
treatedeffluenLThis practiceis not roeomn’somdodfor
gemoralpurposos,givem the nood for careful and eau-
taousoporalion, the high dosagosand hencehigh

recunrentoosts,thedoubtsaboutthe efficionoyof tho
disimfection idillie complex mixtumos wasto wat,ors,
andtheconcernaboutthegenorationof carotnogortic
tnhalomethanos.

Besidosthepubhchealthrelatedcriteria fow othor
guidolinos rostrit tho ro-usonf (partially) treatod
wastewatorinirrigatiom FAO (1985)haspublisheda
comprohonsivegûsdolinoin wheehfourproblemcate-
gorios— salinity, (nfiltration, toxacityandmiseebbane-
ous— areosodfor ovaluatsonof conventiomalsourees
of irrigation water (Pantially)treatodsowagefalls iii
the catogory of water for whach a slaght to moderate
dogreeof rostractionis advisodThis restrictionis duo
to the rolativoly olovatedconcontrationsof total dis-
solvod salts (>450 mg/L), chloridos (>4 moq/L).
borom (> 0.7 mgfL) andnitratoC> 5 ii-sg NO

1JL).OnIy
rarely would the aewage bo charactenizod by oomoom-
tmations rendersngjtunfit for irrigatiom Noneof these
oratona are aotuaUypositively affoctedby “normal”
sewago troatment; biobogacal aorobic troatmont would
ovon mather bad to an moroase in NO1 conoorstration
as compared to raw sowage. -

In general terms aerobso treatrnont would bo loss
optimal than anaorobeotroatmont,as iFdoes,not per-
form signiftoant)ybotterm pathogonsremoval,and
needsahighoroosJ.his alsoimportantto realizothat,
in the set of anaernbtc sewago troatment tochnologios,
UASBs performbest, as thoy possess a romarkable
capacityfor removalof sottloablemattemandthus, to
a reasonabledegroe,of holmanthova.The addttiomal
valueof theUASB pre-troatsngthesowagofor irriga-
tson or aiuacubture,as ets funotion as “oonditionor”:
oxoess suspendod andoxidizabte matter whieh is not
usoful is partiably romoved, roducang dovobopment of
soptic oonchtions oi~other probbems dunmg transporta-
tion amd the firsthpurs after applioatiom

Fimally, exoessstudg from art aerobtcoranaorobio
reactorhasahigh nutretionalvalueas well andcan ho
appliedas fortalizor. The sludgo, af not digostedan-
aorobioallyfor atkast25 days,maycontaenpathogons
andhomoenood to behandledwath care.
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7.1 Background

1. The roport refloets tho fmdmgs of the feastbi.lity
study undortakento assess the appropriatoness of an-
aorobio troatment sytems in sanitatiom prograrnmes
for umban and pon-urban residemtaal aneas in dovobop-

ing eountrios.
The studyfooussosonthetreatmontanddisposalof

domostiebiquid wastefiows: toilet wastewater (black
wasto water) and sullage from kitohen and/or bath
Togethor they form thegrey wastewater. Whem also
storm water from urban run-off is anobuded (applaoa-
tion of acombinedsowersystom)the sewageis calbed
combined sewage.

2. Substantial information on performanceand oost
data of high-mate anaerobaosystems(re. with hydrao-
bio rotention dmo typaeally bebow 10h) appliod al field
oonditions weroobtaimed from DGIS funded research
projeots in Colombia, Imdonossa and India. In these
projoots the Upfbow Amaorobac Sludge Blankot reac-
tor (UASB) wasinvostigated.With somerestreotions
the val adity of the presentodconelusionsmayho gen-
eralizod to other anaorobio technobogsesas far as they
have a provem moordof reliable performance onder
field oonditions in dovoboping countrios. Other oob-
beoted information portainsto differont reactor types
and anaorobic ponds

All statementshereunderarebasedon theexpo-
rience with severalpilot and demoiastratlonpbants
with a reactor volume of 50-1,200 m3, that ha%e
operated on domestlc sewageunder steady-state
conditions for probonged periods (at least three
months,and up to a few years).

7,2 Determlnants for sanitation programme
planning

3. In sanitationprogranimoplanning the available
sanstationteohnologioscanho dsstingoishedinto two
major oategories: on-site sanitation at househobd
levelandoff-sitesanbtatlon at city bovel.Anintorme-
diate-scalesanltation opens new perspeotives and
may bo more cost-effectivo in bess-mdustrealasod
countries; at aamsat pro-troatment al on-satelevel for
a numhor of hoosoholds(“shared” treatment) or for a
township (“oommunab” treatment) folbowedby trans-

portation through choaper shalbowseworsor open
dmamagenetworks to acentmalplaoooutsido thecity to
allow for finab troatiErsont and dasposal. Anaerobrc
treatmentfaciities côubd play an important role in
imtermediate-scabe sanitateon

A sanitation progrèmme(or system)oomprisesall
elementsbike waste water collootton, troatment, con-
veyanco,and sludgo disposal.It must fit a strategy
that meetsbroador objoctivos. Within the programme
anaorobic treatment may be more or may ho loss
feasiblo than any other compotetivo treatment. Feasi-
bility must be und5rstiEkmd in its teohntoal, eoonomieal,
financeal and mstitutiônal sense.Convorsely, the in-
troductiori of anow tr&atmësst téchnologymayhavean
effectom the othereornponentsof theprognamme,for
examplo on the design oritona for the waste water
oolbootsonsystem.b(iiiay oreato now opportunetios for
sanstationprogramme~.Therofono, the feasabilaty of
treatmont toohnobogy cannet ho proporly assossed
wtthout investigating its offootsom its contexttoo.

4. This study cannotp}ovicfo deoisaveinformation re-
garding the mastor ohoecefor an on-sito or off-sito
approach

S. The study outlines the detormtnants for sanitatiota
programmo plannmg itt urban and pert-orban rosidem-
taal aneasof devolopangcountries.Thesedeterminants
definewhethor on-site, intonnodiato or off-sitosanita-
tion asmostappropnate for agavensituation.Theyare.
(t) theavaslabality of somekind of seworagesystem,
(ii) site-specific comditioms wefh respect to urbanasa-
taom pattom, popubatton donsittes, soib permeability
and stabilety and the oxastimg servico bevebs for infra-
struoturabfacslitiesbikè water supply,
(iii) environinentaloonsidorationswith respecttoground
water or surfacewaterpollution and ats public hoalth
mmpact,
(iv) instatutional roquiroments to allow proper rnatch-
ing of the rosponsabalatiosfor oporating, maintaining.
financing and care-taking betwoengovernment and
community,
(v) socio-cubturalandsocto-ocoiaomicconstraintsand
opportunitios that defitie thepotentials for community
involvement in construotion andoporation and maan-
tersanco, and for oost reeovory,
(vi) economieandfmancial cost analysis.
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7.3 The feasibility of anaerobicsystemsat
on-site level

6. On-sito sanitationeanrangefrom individual sys-
temsservangonehousehold,to sharedfacilitiessorv-
ing up to 5-10housohobdsor public faciities where
sevoralhouseholdsshareonesanitaiyfacility Com-
monly theliquadwastosfromthetoiletaredisposedof
on-siteby soil poreolationsystems,whsbst sulbagois
drainodawayoverthesurfaeetn gutters.

At on-satelevel sanitationshouldprovidosobutionsto
disposal of toilet wasto as well as sullage Toilet
wastesarecharactorizedby bowflow (upto 40hierper
eapitaper day), high stremgth(in terms of COD or
BOD) and health risks booauseof thoir pathogon
content.Sublagoeslargorin volume(upto 200liter per
eapitaperday) andhasbowerconcentrationsofCOD
or BOD. Its total BODbad(kg perday)is oomparable
to orevenhighorthanthatof toilet wasto,its pathogen
contentes nogligible.

7. Amaorobiosystemsprovoto ho teehnicallysuitable
for treatmontof (black)toilet waste water, soparatoly
or in oombsnationwith sullage(grey wastowater). In
the lattoroasetheremovaleffieienoiosof the UASB
for COD, ~OD or TSS are lower than m the first
beoauseof thehsgherproportaonof solubbeBODin the
imfluent and the strongor fluotuataotasin hydraulio
loadingratos.Howevor,whoneffiosencyis oalculated
overthetotal wastewateroutputof thehousohold,the
offioienoy of thereactortreatsngthegreywastewator
is somewhathagherthan that of the reactorfor the
black wasto water only. The pathogencontent of
reactoreffluent is howeverstslb too high

Commonpraetsceis to let the reactor’s or tank’s
offluent peroolatetoto the soil. In this oase,thebotter
BODremovalperformanceof anaerobioroactorsover
thatof soptietanksis irrebevant.1f tho overall sanita-
tion strategy is to proteot shablowground wateras
soureefor drsnkmgwater, tankoffluent is ablowodto
drain away in guttors over the surfaco,evontualby
reaohmgasurfaoowater;in thisoasetheadvantageof
BOD neductiongainsrebovanco.Nono of theon-sito
optionsyields a good removaleffieiency on patho-
gens, wath the important exeoptiomof the on-sete
UASB reaotortreatingblack wastewaterwhioh has
shownto beoapabboto removesubstantialby(upto 90-
99%)helminth ova.

8. Theneedfor rogubarearo-takingof anaerobiesys-
tems as comparabloto that of soptic tanks;it ons in
principle boprovidod by the comnsunity.Desbudging
andoverallmonttonmgmay bepantbyagovornmontal

rosponssbibity.A difficuity in themanagementof sueh
sanatattonprogrhmmo laos in the high numbor of’
faoiliteesdistrebutedoverawide areaof whsehparts
are somotameshardly acoossibboto cartsand truoks
that would remqvethe sbudgo. In addation,sueoess
stmonglydopendsonthecornmatmontanddisciplineof
theownors.Recentroportsfrommanyoountriesstress
thatm practecotho tankas oftendisoonneetodfromthe
pereolationbedafterfasburo(oboggmg)of thebed;the
oost for anow bodencouragosownersto short-oireoit
thetank’soffluent to thepublic opendrain.Anaorobio
upflow systemsproduco a markedlybotter quality
effluont (to terms of BOD) and tend’to havebower
slurbgoproduetionratosthanconvontiomalseptsotanks.

9. In a langenumborof reprosontatsveoase-studies
(basodon Indonesiankampungs)sndioativeoostcal-
oulatsonsshowtlat singleleachingpits will ho usu-
afly the eheapestaltemativoainongstthe toehnicably
feasibbeoptions. It featurosaTACH of Rp 30,000-
50,000(US$ lg-31) dopendingom condations,with a
momthlycontnbutsomfrom the ownonof typically Rp
1,200 (US$ 0.75).The doubleloaohing pit as finan-
cially foasibboif populatiomdensity is holow 200oap/
ha for unplannodand400eapihafor plannodaroas.
Peopbousual1yp~ofemdoubbepit systemsboeaoseof
oasier(dry) doslaidging.

Sharedfacibitiesareonly 10% cheaperin TACH
than theirindividisal issues,thezasnin tankeonstrue-
taon is pantlycoriipensatedby the additional oost for
oonneottons.TAÇH reflocts oapatabanvostmentand
operationabandmaintenaneeeosts.

Public facilitiesarealwayscheapest,as thoy pro-
vido toiletandtreatmentto onebuildengfor anumbor
of familios. Howevor,to manycountriestheir offoe-
tive usois constrainedby local socio-culturalpatteras
andpoorinststuticinalgpidanee.With snoreasingwealth
they are gonerally queokly abandonodfor faoilities
provsdmgmoreprivacy.

10. For apopulataondonsitybetwoon200and600oap/
ha a largercrommunal facility may ho fmanoaally
affordabbe,providing a toilet in oaoh dwolbing bul
treatmgthe wasté~of 2(1-110horsseholdsto acentral-
isod UASB typeréactor.Theeifluentcannotboperoo-
latodany bomgoe-ihtrotho soel ansimustho drainodvia
agutterom sewer.A high proportaonof self-help(upto
57%of constructionoost)canhelpto keepoostbow. In
areaswith asbopingterrain thenusnborof popubation
servodcanho higher. This option would provido the
importantadvantageof roduomgthe total nurnberof
reaotors/tanksconsidorabbyandhaving them bocatod
neararoadwathgoodacooss,thusgreatlyfaciletatmg
dosbodgmg.In additton,alocal institutionalorganisa-
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tion oanho formedin wich the ownorspay a modost
sum to an appoirnedcarotakor,who tbus can bo held
accountabboandcao ho effoetivebysupervisedby a
local governmentauthonity

7.4 Feasibillty of anaerobic systems at
lntermedlatescale

11. In donsolypopulatedrosidontialareasthe oolboc-
tion of waste water in small-bomor shallowsowor
systemsom opendrasns,with subsequontlocal troat-
mont,maybocomooostoffeotive bocause(i) theeol-
lectaonof the raw wastewatertakosplaco in oheaper
seworsystemsthatoanho adoquatelymaintainod(dé-
eboggod)by thelocal oonimunity(providodaninstitu-
tional set-upis effoetuated),(is) thereactors’effluent
can ho eonveyedin tronkseworsor drainsof cheaper
designboeausemuchloss settboabbesoladsareto ho
carried,and(iii) areasomablodogrooof treatment(say
60-70% BOD romoval) is aeheved.Liquid waste
fbows areeobbootodfrom townshspswith up to sevoral
thousandsof househobds.Treatmentat this intermë-
diate scaleom township level (alsotormod commau-
nity-on-site treatmentor COST) doos not allow for
manyconventiomaloff-site treatmenttechnologiesas
oostsandoompbexityareprohsbstive.Anaerobicsys-
temsappearto allow scalingdownto this intermodiâte
sealein teehniealas well as in operationalandeco-
nomie teams The offluonts cnn ho further contrably
post-treatedoutsidethe city.

This is an oxampbeof the situatiomwherea novol
treatmontteohnologymightcroaabnow typesof sani-
tataonprogrammos.This opportumtywarrantsfurther
research

Preroquisitesfor the succossof intermodiatoscale
sanitationarepropermatohingof mstitutiomalrospon-
sabibities for the eollection and troatment systems
botweonlocal eommunityandgovernment,andcaro-
ful planningandmanagementin ordoa to noducepublic
healthnsks associatedwith sludgoromoval andthe
possibbepresenceof sewagein opendrains.

Also eommunal,andpossiblysharedon-satetroat-
ment tanks/reactorscan play a usefulrob in ohoaper
sanitationpnogrammesin whiohthotr (partialbytroatod)
effluentsarecolboctodin shablowomsmali-borosowors
oropendrains,andcomveyedoutsadethetownfor fmal
tneatment.

7.5 Technicalfeasibility of anaerobicsystemsaL
off-site level

12. Theeomparativoanalysisofcon~ontiona[off-site
treatmentsystemsand high-rate anaerobeosystems
wasdoneom the basisof (i) the roneovaboffieiemoios

for oxygon consumsngsubstancos(BOD, NOD),
mutrtents(N andP), total suspendectsolids(TSS)and
pathogons,(ii) the troitmeniieffioac3~,rofloetiig proc-
ossstabilaty,reliabiIit~andsturdinessand(iii) sbodgo
productionrates. =

13. The enticalemportancoof an effoctive organisa-
taon of the sanitationand wastewatermanagement
sub-sector,imvolving thepolitica!, managonal,socio-
tal, scientifie and tec5hntoal standardsfaotors, was
diseussod.However,et wasfound that mostof these
eonsadorataomsaregealericfor all troatmentsystems.
Theintroductionoftié~vhigli-ratoanierobietreatment
Wôuld névortholeinni~uireiparticufaroffdrt from the
sidoof scaontsfiosuppdrt(probbem-solvang),andtram-
ing of onganoers,tochajicians(operators),andcontrac-
tors -- - - - -

14. Off-siteanaerobacsewagetroatmontoffieioney is
Inwer than that of oomparabboaerobic treatmont.
Dopendangom tho sewageeharactonsties,BOD (as
BOD~1)removaloftypsoally65-80%oanho aohieved
at anoptimalhydraulecrotentiontimeof (averagoover
24 h) 6h CODrèaii5vâlis gëmorailyii09flôwéi.Kjél-
dahl-netrogennomovales memimal,at 5-10%.Further
roactor optïmalisatiôafcoubdpossibly emoreaseBOD
rènioval ffoiend~Io75=40% as modian value for
eortain sewagetypes (more ooncentratodsewago,
more organacsuspendodmaxtor).

Correspondsngeffiluent quality is, based on the
situationfor [ho pilot ~lant in Cali, Colombia(typioal
BODhfl = 200 mg/L), 30-35 mg BOD/L as modian
vahso,bul the 80-pereentalevalue (valueexeoodedin
20%of all cases)bios a 45-50mgBOD/L. With high-
strongth wasto water (like in Kanpur, India) thoso
valuesareoxpectedtobo 5-10%higher.

As anaerobieoffissentis unlikely lo meetthe effio-
entroquirememtsthat iremostlikely to beonforeedin
developmgcountreosthat ombarkon oornprohonsavo
wa~tewatermanagemçntprogrammos(BODs20 01

30 mg/t, or oecaseonally50 mgfL), anaerobictmoat-
memtas to ho considorodan effoctavepre-tneatment.
mocossetating,possiblyinaliter phaseof the financing
schodule,an aorobsopost-treatment.

15. Competitiveoonvëntionalaorobictreatmont,like
actevatodsludge systemsand triekling filters, yseld
haghermodaanromovaleffioieneies(85-95%oaiKOD~
~) and,defimitelyat bo~vloading,substantialniairifica-
non (30-95%). Competitivéso-cailodbow-costtroat-
montsystems,like anaerobioandstabalizatsonponds.
andpondsweth fboatin~aquatacmacrophytes,porform
comparablyor botterthan high-mateanaerobseroac-
tors, but requiro veryhmg hydraubtcrotentiontimes
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(8-25 days,agamst 6 hoursfor the UASB) andthus
land. - - --

16.Anaerobictreatmontperformsbotterandatlower
Oost weth increasimg wastewater strongth; aorobac
troatmomt is loss sonsitsve to this factor, and will
actuallyconsomeloss aeratiomemergy(a majoroost
component)with deoroasingwastewaterstrongth.

17. I-bigh-rate anaerobiesowagotroatmont facileteos
are charactenzedby a relativoly variabbo offluent
quality asaoonsequenoeoftheironco-through,single-
stop operation.Long-retontionpondshave usiaallya
constanteffluent quatity af well operated.Convom-
tional aorobiotroatmomtsystemsoonsestof atbasttwo
stepsandfeaturohigh mtemalrecyclingratos,boading
also tomoreconstantperformance(thoughtheirefflu-
ent as more susceptableto variateonthan oommonly
thought). 1f post-troatmentas providedto the anaero-
bio treatment,the variabality of the effluomt quabaty
will hooomsaderablyredueedandcouldpossablymatch
thatof convontionabsystems.

18. The anaerobicprocoss(on domonstrationplant
soale)appearsto ho rolatively sturdy andreliable, in

the sensethat suddenohangosin themfluent eanho
well acoomodated.An actualretemtiontime of4 his a
minimum thatoan ho albowedfor only anumberof
hours dayly.

It shouldbenotodthatm mostpilot plant studaesthe
reaotorswerefedmostof thetimeat aconstantor onby
moderatelyvarying hydraubiebad. Potentialby dis-
turbamgeondttaons(peakhydraulioboads)havethero-
foro not yot boomfully accountedfor.

19. Theanaerobioprocossis sonsativeto bowteinpera-
tures.Therefore,it hasprobably lossperspocasvoen
rogions with apredorninantbytomperateobiniato,wsth
sowagotemperaturosystomatioalbybobow 20°C.It is
expoctedthat aproperly fonctioningreactor,with an
aotivesludge,cnnaooomodatedursnga few momths
sewagewith rogularly “oolder” sewage,for oxamplo
night-timesewagowith aminimum temperaturoof 18
om possibly even 16 °C.The claim that anaerobae
treatmentof the (im fact dibute) sowagocnn ho made
offoetive al systematioallybow temporaturoshasnot
yet beensubstantaatedat demonstrataonsoalo.

20. Ram water should theroforo bo kopt out of the
sewersystem whenoverpossablo,to avoid dibution,
temperaturoreduotionandhydraulic shookboads.

A consequencois that in satuatsonswith combined
sewerageall storm watersorgesmust ho by-passod,
oreatingoonstderablounoontrollodpobbutiondischarges.

1f separateseweragois appbiod,this problen should
not ocour.Aerobio troatmontusuallycanacceptup to
4 timos thedry weathorflow, andperformstherefore,
on a year-avoragebasis, botterthan anaorobiotreat-
mont when treatrngcombinedsowage

21.It as advisedtd operatoananaerobioreactorm suoh
a waythat it doos not frequentbynood to oeasofunc-
tiommg and ho einptiod.This hoids true for UASB
react.ors(ompty reactorvolume, undornoaththegas-
sludgo-liquidsepârator),bul is of partacularconcernin
the oaseof ana~robiofilters, of whsch the reactor
vohianeis fibledwith paokingmatorial.Aotaveanaero-
bio sbudgenoodsnot nocessarilyto ho protoctedfrom
oxygon (air), andcanho storedin openair. Restarting
thereactorwirbifreshsbudgetakosoneto two months,
not muchbongorthan in theoaseof aerobtcprooosses.

22. Anaorobicupflow reaotorsfunctioning om oom-
bmod soweragealay after a few yearssuffer fnom
accumulationof hoavygrit andsandat the bottomof
the reactor,if no specialprocautionsare taken.

23.In generalexcesshwmassproductionin anaorobio
processesas half the amount producedin aerobao
treatmontprocessosBocauseof the oontributaonof
settboablomatorial in thesowago(pnmarysludge)to
the total sbudgeproduotaonof a plant, thenetdiffer-
oneees smallerbal steIl ssgnifieant.The slodgepro-
ducodby ananaerobtcreactoris stahilizedandeasyto
handle(5-8 timos moreoonoontrated/thtckenod.much
easiorto dewater~when oomparedwith sludgefrom
aerobecpbants 1f aorobaopost-treatmontis providod,
this oomparativoidvantagocould beeomelossiraipor-
tant. -

24. Post-troatmomicanoonsastof anactivatodsludge
system (in more industrialasedcountrios),an oxida-
tion ditch, afrfdlJingItiter (poalibly without soeon-
dary cbarifaer—niore suitablekar dovebopingeoun-
tnos), or a pond system. The design of the post-
treatmentwell stronglydeperidomatheroquirernentsfor
natrificationand ~ubbichealthcriteria (pathogontEa-
moval).1f full nifrification is mandatory,post-treat-
mentwill bocomoamajonpartof tho plant.

Ponds are sottabbofor post-treatmentif land as
relativelyohoap(c US$ 15/m2); aretentiomtime of 1
dayas reportedto albow attaeningbow dasohargestan-
dards.Otherwisothemorehagh-rateprocessesneedto
ho sebootedCostoabculationspertainingto TheNeth-
orlandsshow that the oxedationditch would ho ho
soitabbeonly for sfnall to mediumplantsizes(10,000-
50,000oap). In the othereasesactivatodsbudgosys-
tems areeconomicallymore suitabbe.
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25.Onsomooountsupflow anaerobietroatmerethasan
advantagooverdownflow andfilter reaotors.Onno
oountit hasan appreosabbedisadvantage.

26. 1fbandoostis low (CUS$3-8/m2)pondsystemsare
a technicalbyandeconomioalbyattaactiveahornative
to anyothertypeof sewagetreatmeratastheycangen-
erally moetall disohargostandards.

7.6 Potential use In resource recovery schemes

27. Re-useof (partialbytroated)sowagedesorvesmore
attention than it reoeivesnow Espeeialbythe high
potentiabsof anaorobioeffluont areto ho further ox-
ploned.Anaerohiooffluemit from aUASB type reactor
will carry zero to small amoonts of helmenth ova
(much loss than most other troatmentsystemswtth
oomparablorotention time) and stil oontains rela-
tavelyhigh levelsof thenutnentsN andP, giventhese
factors, this partieubareffluentmayho advantageous
in eropproduetionschomos(amgattonandaquaoob-
ture). Potentaalsfor fish productionoxist,andintegra-
tion of fish produotion and waste water troatmont
deservosfurther study.

Anaorohio treatmentwith UASB reactors hasa
teohntoalandeconomicadvantageoveroompetetive
treatmentproeessosas ~pro-treatmnent”bofore band
applioationor otherre-use,becausoat fairly low oost
it roducosorganic matter content to a roasonabbo
dogroe,and romovessottleabbematterand the most
important pathogensin this context (holminth ova).
Intogration of addational naturalpunfioation proc-
essesandrocoveryofresouroesmay1 urthoroontnbute
to theattraotionofsanatationprogrammaslneorporating
anaorobicteohnology.

The aboverecomnsendataonsareequally relevant
in the oaseof intermodiatosoabetreatment,wath an-
aerobictreatmentat townshiplevelorwith oommuriab
or evensharedfacabatiesprovidodeffboentas oolbeoted
anddrainodto the re-usebocatson

28. B iogasreoovoryanddirectusafor hoatingorother
domestiopurposesseemsto ho feasebboonly at largo-
soabeoff-site treatn-aontpbantswhore an mstitutional
comsumerof tho baogaseau ho found Smabl-soale
utalizationof biogasin anurbanenvironmenthurtson
probbomsrolatedto thebiogashandlang(pipang,oom-
pressors,storago)andsafatymoasuros.Beogasfrom
sludgeandmanurodigesterscnnho more aasilyutal-
izod in smal! vabbageswhere the value of enorgy is
high, oonsumption bow and the safety risks much
smaller.Vabuateonof thebiogasby aleotreostygenera-
tion is aconomicallyfeasiblo in bargor wastewater
treatmentplamts but unlakely to hocomea deciseve

argumentin favourof anaerobaotroatmentin view of
the costs invobved for haradbangthe hiogas and its -

oonversioninto electrsoity.

7.7 Economic/financlalanalysis

29. For both on-site and off-site treatmantoptaons,
oonstruotionand0 & M (operatsonandmaantenanco)
oosts ware datermined,after which economaccosts
ware cabcubatodfor all relevantaltematavas.

In theoaseof on-sitesarutation,TotalAnnualCost
perHousehobd(TACH) for oomprehensivesanitation
programmascovenragcompletetownships,inoluding
the treatment,wascaboubatedand takenas themain
yardstiokto eomparealtematevasfor the reprosonta-
live oasa-study.

In theoaseof off-sitesanetation,only thetreatment
altamatsveswareoonsidered,the oostof sewormgthe
areabomgtoo sensitavoto local physioal and000-
nomicconditions;eos~swareoxprossadasNetPresent
Values (NPV) orTotal Arinûal Cost (TAC) andare
mostbyborrowedfrom othersouroesspanningnumar-
005 cases. -

30. For the on-siteeahi-studyfmanéingrequirements
ware caloubatad,andcomparedagainstassumodbut
roalistioanoomedistributioms,to assesstheaffordabil-
iry of the deffarantprôgramrnos.

31. Eeonomaooost nisossmentundèrvariousoondi-
lions shows that, for troarmont performanceup to
effluentquabityof 20algBOD/L, anaerobietreatmont
(inaUASB reactor)oompletedwathpost-troatment,is
oftancompotativewitliconvontaonalâltemativosPond
systemshowever,arenbwayschoapostif bandpnooas
bow (typacabbyhobowIJS$3-81m2).Siraail to medium-
soaletraatmentpbants(10,000-100,000oap) may in
many casoshanefitfrom appbieationof UASIB, par-
ticubarby if post-treatinontoonsastsof an oxidation
datohor apond.For bargerplants,in partioularin the
moreindostrialisodootantries,oonventeonabtreatment,
bika actevatedsbudge,will tand to ho ohoapar.

32. A casa-studycaboulationhasshownthat, for ex-
aniplo in suchintermediatescalaschemos,it as tochna-
eably andoconommeallypossabbeto introduoesharod
(by upto5housohobds)andoommunal(10-110house-
holds,efterrain sbopes,more housahobdscnn ho con-
nectad)roactors. -

Financtally, the most attracttve options aie the
simple indn’idual leachingpit (wtth effluent peicola-
tion into the sollL and the cornmwtal UASB(with
effluent diained away in sewer or open drain)
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7.8 The landscape-matrix

33. Basadon thosaconelusionsa bandscape-andse-
bootion matrix is presentedin Table 7.1. The matrix
sets strategiesagamstsito conditions that togather
determinecategorias(nichos) of sanbtatioaapro-
grammosandtreatmenttechnologiesIn thematnx,
the mast faasiblosobotaonis indacatadin hobd type,
with specialrefaranooto anaorobictroatmenL“Most
foasible” maanshema,with respectto thosedeterma-
nantsthat havebeendofinedaarlaar(Section23) and
that onsho applned as criterIa: economic,financiab,
imstitutional (inobuding opportunstiesfor oomnrnunsty
invobvement)andsocio-cultumal.

The determmantstogetharwsth the opportonitios
createdby thedafferantsanstateontachnologtoshelpto
botteridentify the relevantstratagies,sito oondittons,
andthe criteriato avaluatefaasability

34. Thesanltationstrategiesareformubatedin terms
of
(t) onvironment(surfacewater)proteetaonat deffer-
ent bovels:
— madium quality standardfor dasohargesinto sur-
facewater(BOD 50 mgfL);
— sharpquabity standard(BOD 30 or 20 mgfL);
— vary sharpquality standard(as ahove,bot with
suhstantialnitrifieation to furthoi raducooxygoncon-
sumption); this is prosantbythe casain mostindustij-
alisedeoumtries;
— advanoodquabity standards(detto, bot weth com-
pletecontrolof eutrophieation(N- and/orP-ramovab);
this wall probabbybocomethesituatsorsenmanyandos-
trialisadcountriesin thenaarfuture);
(ii) public heatthprotoction:aiming atoptamalesation
of pathogen(notably bacterea)removal from the
immediatohabatat(thereforeprefaroneefor percoba-
tiom of on-sstetreatmanteffluantsmto thesoab), and
anvirommontin general(therafosaoff-sete troatmemt
systemsthatfeaturehigh pathoganromovallike long-
ratentionponds);
(iii) groundwaterproteotion:aiming at safeguarding
shalbowwell waterfor its usaby the poorbocaloom-
munity asdrinkingwater(honeeoffluantsfrom on-site
sanitationfadiities to hè~drasnedawayover thesur-
faooor in sowors,or oartagaof mght-soil),
(iv) re-usepotantiab: in irrigationsand in aqua-and
pisciculture,the formor roquirangloss advanoedpa-
thogenramoval,
(v) sbudgafate.

The site conditions thatappearadto strongly detor-
mme the feasibabityof traatmenttochnobogses,ware
formulatedas follows:

(i) at oneoxtroma, the “easiest”sste,charactorized
by anuneongestodoondition;whothorat is plannador
unplannodbaarslittba relevanoebeeauseetis assumed
to ooincido genafallywith rioheraraasin whioh sew-

- eragoexistsorcafsbapfovideddaspiteahigh cost,or
araasthatmayho loss wealthybot in whaohdramsor
sewerswouldnot reprosontaprohibitivo oost.At the
other extreme,the mast“dafficult” satato work in is
typicalbycongastedandunplannedompartlyunplanned;
this ganeralbywould coinoadowith poorarurbanquar-
ters that areless well to do. Under suchoondlition
saweragoor adequatedrainagebecowiaston oxpemt-
sevo om taehnicaliy unfoasiblo. In betweana third
situationis aoknowbedgedwhachwould possabbyfoa-
turalow-oost sewaraeçorother simple altemativos;
(ta) efsoworagaas feasibba,sebootionof off-satetraal-
mont tochnobogywill furthar dapendoma band pnoe
outsedethecity or town;
(iii) ifseweragoijnot feasible,furthardastinctionoan
ho made for a numberof satuations,dapendingon
averagohouseholbmoome bevel. In the oaseof the
bowersneomerangethesebootaonmaystill sometamos
dopondoma the(assumod)strongthof apotentiablocal
snstituteonalframework.

35. Comcludingby,anaerobiosewagetreatmenthasin

devebopingeount~aswitb â trçpioal or suh-tropieal
clamatain anumhèrof situationsadearperspeetave.

In indisstrlaliiedcountrtes,om devolopingcountries
with amoretamperateelamata,applteationof anaoro-
bacsawagetreatmoatm~iyin afew casasbevaluahba,
but 000nonucgairtscould ho only marginal.

7.9 Needs for further research

36. Relevantfurthar researchanddavobopmantsub-
jocts are.
— Studymg in mpre detail and with raalestio unit
pracostheoverallcbstofanaarobiotreatmantplants;to
ho done profarably for two om threo ropresentateve
cases(counu-ies),2rsd inciuding sonsitivity anabysas
andcomparisonwith altamatives.
— Implamontationatdornonstrationscaleuf asanata- -

tionprogrammèLn~orporatinganierobiosewagetreat-
mont at the bavebsof oommursaltraatmont(10-110
househobds)andof townshsps,incbudangthe,possibby
country-spocific,dievobopmantof appropraatesewer-
agoanddrainagesystemsto cobloctandconveywaste
water; speeaabattentionto ho given to the fmanoial,
instatutionalands6cao-ooonomioaspects.
— Dovebopmontof multi-stageand hybrid (upfbow
andfilter pnnoipbo)anaarobacreactortypesin orderto
inoroasaremovajperformance,particularly at bowar
tamperaturos. - - -
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— Devebopment,anddemonstrationof thefoasibibity,
of post-treatmentfor anacrobacsowagameactors,nota-
bly ponds,cascada,oxadationditch andtnckbangfilter
— Researchon the public haabthimpactof sewagaor
partialbytreatedsowagein opendrainsin settbements.
— Researchanddemonstrationof techniquesto dol-
beeteffeotivebysbodgafrom on-sitatraatmentfacsla-
ties; to ho imobodedarecharacterazationof the sbudgo
from diffaront tank/treatmanttypes,naathodsto dowa-
ter, methodsto disirifoot thaïbudgoandtom it ento a
usofub fertibszer,marketingof this fertslizer,settingup
a workabbe institutional framework to managethe
desbudgingactivitieswith full cost-racovery,andmethods
to treattheproducedsupomnatanthoforoit eanho dis-
chargod.



Table7.1 Landscape and selection matrix for wat on-site and oft-site fow-cost sanitaüon programmas and treatrnnet fechnoIo~esin tropicat developng countiies with special reference to Ure posibon
of anaerobic treatoent, The treatment technologies and programmes that are probably moet feasible ki a given strategy wlth respect to the deterinants (economic, financ4al, lnsttbjbonal,
socio-cuttural are chcated.

Site conditlon Planned or unptanned uncongested area
(medium to high (ncome)’

tinplartned congested area
(10w to medIum tncome)’

Seweraga feaslbte Low-cost sewaragel Sewerage not feas~te
drainage leaslble

Land prtce naar town
sUS$5 >US~5

Household ncome/month
sUS$35 >tJS$35

Local InatiL framework
strong weak

Esomated atze of target poputation
In theWorld (% oftotal poputstlon)

25 25 25
5-10 15-20

Strategy
A Envlronmentat prolection

t BOD~,=50 rng/L pond UASB commurjaP or townsblp UASB
(for re~rab4ygrey ww.)

on-slte black ww percolaled; and sullage proper(y
drenied aWay In existing ritain and treated oft-site

II BOD~�20 mgJL series of ponds UASB -t- post-treatment
2

!

conin-cria( or township UASB +

oh-aria post4reatment
dftto

!

fl1 BQD~s20 vng/t
75% hitr(ilndtibn

series ot ponds UASIB + post-treatrnertt2
pr full seroblc treatrnant

obmmunaj o townshlp UASB+

oft-site poat-treatment
prdhibltiveiy expenalve unless subsidized

fV BOD � 20 mg/L
75%atrvlsetlon
eufroçSilo. control

B. Rjbl~ hechh

~
ilI~IIk~W~IIt4~hI_l.M.I~III1111

as til bot witli pppropriate tertlary treatment

series of ponØs; or dilutlon in rlver

~
sli 1611 i!,I~!!I!’’! Iii WJ~ Ii liii!

prohtbitlvety expensi~e

~$uerltof dommurla) or ~wnship
W~~Boqnveyed In! te~lsewer
~ioffl-üaipøst-free*’nent
i.6—~~ ~ IhI1II,hI~I 1 1* ,IIiII!

profiibitivePy expenslve un~ess~ subsidized

1

(do~tle)1 eedilng pit, (ddubie) (double)
p~tUlcatIlet 1e$Dhlnqp~tor ecti~ogpit

sept.1~i~~
iIii

1~i,ii,,11iiiH trericii,Srtage

C. Groundwa$erprotectlon
!

D. R~-L~

go to A go to A
1 1

!

go to A
1

!

cartape’ p~bl10follel naar tqWpahlp -t- sewer~
Sh&ØdJPSSlHlhsffthieritcon\laysviaopendrafn.

1 ii

1 In lrr~aIon

~-ippue~eS~actpi4lt*e

X. Sedgette

!

pondis (1-IRT = ~) UASB
-~

serfr of ponds ‘UASB + séries of porids
(HRT=25d)
off-slte dewafered, ppaslbty affer digestiodi,
sludge so10 as ferfitlzer or dumped

con~rnunaIor townshlp IJASB
(+off-sttepond)
ëoriintunal or ‘t~sfit~(J~SB+

off-alteserlesolponda
tank desludgedend dudge
Focally or cantra)ty dewatered;
as tertilizer or dutrtped

only slud~con be re-used; toIlet naar draIn
t

dito ‘~ ~1

ph emptled and tanks deskidged b~c~srts(prh/ate dr
gqvt py4; atabllzed anØ diaintected, déwatpred; scid as
fertluzer or dumped; stiaj-ed’ tanks easier desludged

t c~rgestedarea maanatypcai popuialion derady ol > 500 cap/fia. wthout mulb-etoreyed buildings Monlhiy in~ne is hete considered lo be tyØnsNy U55 35-70
2 P~I-ffeatment may indude pond, physcai or aerobsc Ireemieni depeig 0fl tand coaL
3 ~con~remewia to-via hajaehots, shwecr meana lot 2-5$ot~ehotda, ?ublIc lbtie( l~iities aiii iyptaatiy al 5-50 houaehol* and do riot provwie let mdMdeai bot~econnadiona
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Appendix 1
WasteWater Treatment Technologies

A1.1 Septictanks
A septactank is a closodtank, m s~hiehthebbaelcor
grey wastewaterfrom oneor severalhouses(up to
fifty housohobds)is troatod.The treatmentprocossin
faetis only pre-troatment,sinëeit eonststsôfiédtman-
tationandto someextentanaerobiestabibizationof the
settledsbudge.BOD romoval is bimited to 30%, TSS
ean bo 70%at tnanmum.The biquad fraetionleaves
the soptietankstibi earryingthebulk of the BOD and
the pathogensThe volume of a septaetank for one
householdis usually 1-3 m1.The liquid eneho das-
posedof by aleachingpit or boachingtreneh(tnfibtra-
tion into the soil), or into somokind of sewarsystom.
bnfibtrationinto thesoabis agoodsobutionaslong asthe
amountof wastowaterdoos not eKeeedthe naturab
eapacityof self-purifïeationanddibution.

Dapondenton the capaeaty,the tank must be
desbudgedin a periodof one to sevoralyears. The
arnountof produeedsludgevariesftom 20 to 60 liters
.por user per year. When the tank is not regubarly
desbudged,solids may wash out and ebog the soil
infaltrationsystem This is the roasonthatm praetiee
manyseptictanksdisehargedireetly into the surfaeo
wateror storm waterdraan, abthoughthe effbuentis
eortainbynot suttabbefor this purpose

Although the systom is simpbeas it is, greatearo
shoubdho takenwhen dosigning a septie[nek The
tank as usualbymadeof concrete,but absoasbostosi~
cementeneho usod.The system is usedalLoverthe
worbdbut designsvaryeonsidorahby:thetankeneho
divided toto two ormorecompartments,andthevol-
umeporuseris dependeratonthearnbienttomporaturo.

Designdetadseen ho fourad tn: Piekford (b980),
ENSIC (1982);Laak(1986);andVanderGiâafoïal 1
(1988).

A1.2 Pit latrine
_Apit bate-tnoas basilcalbyahobein the groundm which
faecos,terineandoptionalbyalso subbagearedisposed
of. Thevolumeis aboutoneeubtemeteror more The
liquid fraetionofthewastepereobatosinto thesoil,and
oventuabbyreaehesthegroundwater. Solidsaceumu-
late an thepit andarestabibized,rosulting in asbudge
formatiôn of 20 to 60 biterspor userper yoar This
means-thaLeveiytwô or throe yeaisthe pit must ho
desbudged,by handor by vacuumnek.

In thedouble-pttconcept,two pits arealternatingly
usod,thusbeavingLh~sbudgeto thefubb pit to bocome
matureandfreeof pathogons.

bndianoxperionee(SinhaandGTaosh, b990)mdi-
catosthat stngtebeaebnngpatsarelessappeafingthan
double pats,becausomostownersobjectto removo
(manually)thestibi wet sludgo.Doubleleaehingpits
arethereforerocommendabboiniow cosLopttons.

Theltqutd fraetioninfiltrating ahtothe groundeen
eausepobbutionofltbaegroundwater,ospoeiablywith
patlaogensandnitkate,when populataondensity ex-
coeds the naturabeapaeityof self-purafleationand
dilution. -

TwôexampbesdFpttTâtnnosare shownon page
102. (Figurostakentrom Kabbormatton(1982))

5uitaqe niet

FigureA1.1 Septictank (Kabberrnatten,1978).
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Al .3 Waste Stabfllzation Poncis

-1 ~ — QÇi~-
~ foi~n~nééensts.M&t pofid systems,howaver, are

buibt up from theSolbowangobements:

1. Anaerobielagoons.Thesearebagoons,very high
boadod(50-500 g BOD/(m3 day)) so that the entira
bagoonis anaerobicandtheanaorobiestabilizationas
themainmierobiôlogiëalproceis.Further,sedtnienta-
taon of suspondedmatter takes pbaeo.Becauseno

Ground tevei aoration is neces~anj,the anaerobaepond eanho as
doop as is teehnkabbyfeasiblo, usuabby2-4 m This
means thaton arebativelysmallsurfaee(çomparedto

other pond types)the bubk (50-80%) of the BOD is
removed.Howover,post-treatmontof anaerobteefflu-
entto aerobielagoonsis noeessary.
2. Faeubtativolagoons,in whtehoxeessivealgalgrowth
andoxygendaffusjon overthesurfaeeprovidesonougli

oxygén to iii~M?~na~obiec~nditionsin the upper
Pit layor of the pond Naar the bottom of the lagqon

suspondadmattersettiesandeonditaonsareanaerobie.
Theboadmgis about 150 to 500kg BOD/(haday).
3. Maturationponds: Low-loadedbagoons(50 to 150

Unlined~ kg BOD/(haday»in whiehtheoffbuontof faeultatave
bagoonsis pobished:Kjobdahb-nitrogonis oxidazedand
pathogonsdie off to a greatextentduo to the long

retenttontime.

The above-menteonedeharaetenstiesappby to ponds
under moderat&Sr wérm elimates. The proeessis
ratherdependentön temporature Pondsystemsare
sampbeto operato,provido aneffluantof goodquabity
and do not reqpiito exponsivo tochnology or high
nergy inputs.Hot~’evar,largoareasof landareneees-
sary,andJandpfido déiérminesihe economieatlrae-
tivonoss.Thecapaeityof thesystemdependsstrongby
on the elimatiecondations,suchas temporaturoand
sunshane.Dopendenton thebad, the wastestabibiza-
taon pondsmustbe desbudgedrogubarby WoIb-main-
tainodbagoonm~systemsdonotgive nuisaneecaused
by odorsor mosqiatos

Furtherdetailseneho foundin Arthur (1983),Water
ScienceandTechnology,Vob 19, no 12, (1987), and
Arceivala(1981)
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Setdug
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Conereteen

soul cement
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FtgureA1.2 Pit lainnes
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Al.4 Aerated lagoons
Art aeratedbagoonis a lagoonprovidod with ame-
ehanicabaerator,andin this way it is theintermediato
hoiween the acttvatedsludgeprocossanda bagoon.
Severaltypesof aoratedlagoonscareho distmguished.
dependenton boadmgrateandsludgereeyeling.Aer-
atedbagoonsareverypractiealsobutionsas they are
compact(comparedwith algabponds).andstabb very
simple (comparedwtth actavatodsludgeplants).

Howover,the effluent quality as not so goed.No
nitrifleation takes pbacaandBOD removabis holow
80%. Only the very low-loadedtypes (wath sludgo
racycling) usuablymoet the dischargestandards.

Al .5 The Activated sludge process
Tho aetivatedsludgeproeosshasexistedfor noarby
onehundrodyoarsapd as vory popubarin industraal
countriesfor ets higheffieieneyandappbacabibityon a
largeseale.

The processconslstsof a largeaorattontank, in
whiehthewasto wateras mixedwith sludgoconsisting
of aetivebaetenaThèthiïëdliquid is aeratodandthe
organiematenalas raptdbydegradedQartly oxedized
andpartly integratedantonew biomass)The sludgo
boadangis 0 05 (extçemely 10w) to 1 kg BOD/(kg
MLSS.day). -

In a separatotank tito sludgeas deeantedandte-
wreedto theaerattontank.Theeontanuousproduetton
of sbudge(0.6 to 1 0kg DM perkg of removedBOD)
requarosspecialinstalbataonsfor the treatmentof ex-
eesssludge.thiekenihg,digostionanddowaterang.
friinarysedimentaticijiis alsoen importantstop in the
treatmontprocoss,andas anothersoureeof sludge.

The basie proeesses shown in the figure below.
Many proeessniodilTaeatiônshavéboon devaloped
dunng the years:e.g. two-stageproeosseslike the
Qorman“A-B Verfahren”;pbug-flowreaetorswith in-
poredaeration;Schreiiber-process

Dependonton theboadingandtheproeesseircum-
stanees,theoffieiene9is about90 to 95%removalof
BOD. To iniprove éffluent quabety and to reduee
operationeosts, the iiiodem actavatedsludgepbant
requiresadvaneedprocesscontrol.Nitrifleation/deni-

trifaeataon wilb avoedeutrophieationof the reeoiving
surfacewaterandwibb saveon costafor eloetraeity
Phosphorusremovalas amadditionaltreatmentstop
eenho meorporatedat variousstagesof theprocoss.

3. Gift
4- Pnmaryelatificationtank
5. Aeration tank

— 6 Seeondaayctenfieatlon tank
7 Effluentdlinharge
8 Studgë1ié~blIng
9 Sludge ihickenlng

10 Sludgedigeatlon
11 Sludgedewatering

12 Sludgedlsposal

ne*liwe- ee riaca-sype
VERSiCAL Asus syuuA5a~

1MLÉT CIIA$40ÉM
H!ENCt7tET~
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FlgureA1.3 Âeraledlagoon(Arcervala,1981)

er,

eacess siudge 0

FlgureAl.4 How sheetof enacüvaledsludgetreatrnentplant
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Al .6 Rotating Blological Conlactors
Rotating beologtealeontactors(RBCs) arediscs,ro-
tatingwith thelowerpartof theeireloinashalbowtank
ihrough whieh the waste water fiows (SeeFigure
AI.5). The disc is eoveredwith an aembiebiofllm,
whieh is alternatingbyexposodto the air, taking up
oxygort. and to the waste water, absorbmgorganic
matter.Theprocessrequtreslossonorgy thantheaeta-
vated sludge processjenetgyeönsuniptionis 500
kWhIl.000kg BOD reihovod),but moreband as nee-
assary.A well-functaoningRBC is rebaabboandeffa-
eient; it eanhoeeompbetetroatmont,oreenhousedas
apost-troatinentstop.Theoffluent quality eenho vory
high andis determinedby the organieJoading(in kg
BOD perm2discsurfaeo)andby thenumborofstages,
usually 3 or4. Sludgeproduetaonis low, 0.6 kg DM/
kg BODremoved,endthesbudgovolumeindexas webb
hobow 100 mL/g. Organicmattor dissobvedor sus-
pendedin the wastewateris rapidly adsorhodby the
biolayer and beter degraded.Becauseof this, the
systomis eapabbeof dealingwith peakloadangaswell
as periodsof starvation.Beeauseof the modubo-type
of the RBC. it is â suitâb1esystem for upgrading
ex4stingtroatmontplants As dasadventagesaremen-
tioned the sensitivtty for tempotaturoand toxicants,
andtheslowstart-upTheteehntqueis stiJl young,and
thereforenot so widespread.

More informationeenho fourtdin: Ministerie van
VlaamseGemeenschap(b985)~and Wijihuizen end
Nebisson(b983).

~---

~ ~iJTi~

1

~ ;—~~~J___ ?Tti~ ___

~:----~

Al.? Oxldation dltches
Thoughit is sli-ilinly sjieaking amodification of the
actevatedsludgeproceas,the oxidationditeh is often
seenasaratherspeeaflewastewatertreatmenttoch-
nology.

Thewastewateris,withoutpnmarysedimoittatton,
pumpedantoaebosedboop (carousel)endmixedwith
theactivatedslaadge.Thecontenlsof theaerateontank
aren~axoda,pdaorated_byrotorsor eones.In this way
theditchas ofaeornpbetelymixedtypefor wastowater
andsludge,butncit for oxygen.Thepositionandspoed
of therotorsfacabitatosaproeisecontrolof theoxygen
enneentrationat the variousplacesin the diteh (See
Fijure Al 6). this provideshigh proeessflexability
andpossibibitiesf~rnitrifieation/denitrifaeataonwithin
onetank. Oxidatiun ditehesare bow-boaded,sludge
boad approx 005 kg BODJ(kg MLSS.day). Conse-
quontly the sbudge is aerobiealbystabalazodin the
aoration tank and the sludgo production is small.
AnaerobiesludgeAigestaonis notfeasibbe.Relatively
spoakang,eonstruetioncostaarelow comparedto op-
erationand nintenaneecosta

Comparedto activatedsludgeplants,no primary
sedimontationis necessaryand sbudgehandbing is
more simple. Théreforo, the proeossrequiros battie
suporvasionandas verypopularfor small towns.

Bffluent quality is exeellontwith regards to re-
moval of BOD, TSS andammonium. -

‘IJELUEHi

FlgureAl .6 Layout of enoxldation dilchFigureAl.5 Schemalac drawing of anRBC unet
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Al.8 Trtckllng filters
A tracklangfilter is a bod filled wrth aeoarsecamer
matonab(lava stones,plastic filter media). Waste
wateras pereolatedthroughthefilterbed downwards,
and on the earrier a biologicab bayer will devebop,
consastangof baeteria,protozoaeandsomeinërtmale-
rial. Aeration takosplacethrougha spontaneous(due
to temperawrodifferonees)or foreedair fbow through
the filter. Primarysedimontationts neeessaryto avoid
bloekageof the distrabutiondeviee Secondaryseda-
mentaiaonis alsonecessary,sineeexcesssludgegrowth
(partsof the biofilm) is washedout with the offluent
Whonambienttemporaturesaresufficientlyhigh, and
theorganieboadingis not tno large, netrtficationcan
takeplaco,andeffluentquality is quite good —

An advantageis the simple operataon,but adisad-
vantageis thelimited flexabilityof theproeessandthe
limitation on removai6f nutrients(denitrifiditionïihd
dophosphatation)

Al .9 The use of macrophytes in waste water
treatment -

A eonsiderabbeamountof researchis spentonthe usa
of macrophytesin wasto water treatmontschemes.
ReddyandDobusk(1987)give en overview Ponds
with macrophytescarehavevanousfunettonsin the
treatmentproeess.

-T~RoniovaI of nutrients and hoa~ymetabs by the
plants;
— Inputof oxygeninto thesystemby meansof trans-
port of oxygenfrom theleavesto theroots,andfrom
the rootsiliffuston antothe water;
— Productionof apolentiallyusefuTresourco,namely
biomass.This vogetalmateriabeenpossiblyho usedas
animalfodder,asasaairceofbiogas,or to improvethe
fertiltty andstruetureof the sotl (raw or composted).

- KcomprehëadW&hïöhôgfaphon the wâterhyheinth-

(Eichorniacrassipësjiswiittén by Gopab(1987),who
considerstt mainly asa tertiary troatmontstop Othor
informataoncareho obtainedfrom the proeeedingsof
the congrosstn Pirieaba,Brazil (1987)âboutniaéro-
phytesin wastewatertreatmont.(In Wat.SciTechn.
Vol 19, no 10 (1987).) Siill, som5resëâreherscbaim
goed rosuits treatangraw domesttc waste water in
macrophytoponds.(Orth, 1987. 500SpeckorandVen
Bwtren, 1988) Pubbieatioiisarenotdearon thefateof
pathogensin the wastowator

Some drawbacksand unanswerédquestions still
exist aboutmacrophyreponds.
— In manyeasostheuseof harvestedbiomasswasnot
technicallyor economicallyfeasabbe
— In Brazil the pondsappearedto ho the ideal envi-
roatmentfor thegrowth of mosquitoos.

t tnfluent pumps
2. Screenlng
anntctistber
4 Pnrraarysedirnentatlontank
5 Trîckteng ttier
8 Secondary sedimentailon tank

(humus tank)
7 Effluent récycle
8 Sludgeihickentng
9 Sludgedlgestlon

10 Studgectewaterlng
11 Etttuentdischarge
12. Sludge disposat

..,gas

FigureAl.? Flowsheetof a tilekling filter
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Economic and Financial Assessment of Sanitation Projects:
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A2.1 Introduction
This appendix is intendedto provide infôrmation
usefulfor engineersandotherswho areinterestedin
assessirigorjustifyingasanitationprojectin £mancial
or economicterrns.

Anunderstandingof theapproachto economicand
flnancialevaluationwill enablea more detailed and
comprehensivedescriptionof thecostsandbenefitsof
aprojector projects.This, in tam, will enableamore
convmcingand realistic presentaticinof the recom-
mendedprojects.

It is importanttonotethatihereis adeardistinction
betweenthe rolesof economicandftnancialanalysis.
Economicanalysisassessestheproposedprojectfrom
thepointof viewof theeconomyorsocietyasawhole
Financialanalysisexaminestheproposedprojectfrom
thepoint of view of oneof theorganisations/actorsm
the project, usually only the implementingorgani-
sation.

This sectiondescribestheapproachesto econormc
andtinancialanalysisrele~’antto anaerobicsanitation
technologies.Theseapproacheshavenot alwaysbeen
consistently applied and consequently,support for
suchprojectshaslackedausefuldimension.

In this sectionthe aspectsof economicandfman-
cial analysiswhich are relevantto the appraisalof
anaerobicwastewaterprojectsarediscussed.Theap-
proachesoutlined will also be useful to assist in
comparativeanalysiswhen alternative systemsof
sanitationareconsidered.

A2.2 Economic analysis

A2.2.1 Elements of the analysis
Thebasicelementsof economicanalysisarecostsand
benefits.The valueof aprojectto thecommunity,and
usually its economicpriority aredeterminedby corn-
paringthebenefitsproducedby theprojectto thecosis
incurredin its implementation.

1) Baslc concepts
Someessentialconceptsare neededbefore the ap-
proachis outlinedin detail. Theseare:

i) ‘W!th” and “Without” cases
A projectis assessedin termsof thedifferencern costs
and benefits to the cornrnuntty “with” the project,

versusthesituation”without”theproject. It shouldbe
notedthat the “without” caseis not the sarneas the
presentsituation,ol ihe “before” case.The present
situationmayget“hejter” or “worse”m the futureof
the “without” case

This is usuallyvery importantin thecaseof samta-
non projects,as the future costs to the corrtrnunity
“without” theprojectwill besubstantial,inhealthand

-cleanup costs, andmay not be reflected in current
costs Thesefuturesavingsarealegitimatebenefitof
asanitationproject.Theusualproblemis thedifficulty
in assessmentof this benefit.

ii) No infiatton
In assessmentof ecônomiccosts and benefits,no
adjustmentis made for inflation after estimatesare
madefor thecurrentrnoneyvalueof benefitsandcosts
of construction,operationsandmaintenance.Costs
and benefits aregivën in “constant” money terms,
usingthe year in which thecostmgis expressedasa
base (i.e. constant1988 IJS Dollars, constant1989
Thai Baht)

It is important to be consistentin thesecostings,
andthis is often difficult in sanitatiönprojectswhere
recordsof past investmentandcostis may not exist.

iii) Oppori’unity cost~ -

One of the most drfficult conceptswith respectto
economicevaluationis thalof theopportunity costof
a resource/mputusedfor the project. This may be
defined as the valuelof the next best use for the
resource.It is verydifficult to cometo grips with the
fact that somethingis acost to the projecteven1f It

doesnot cost any money.
Theniostcommonandusuallythe mostproblem-

aticinciusionof anopportunitycostis thecostof land.
Governmentlandusedfor ~projecthasacost,evenif
it is givenfreeto the pFoject.For this reason,freeland
usedfor extensivesystemsof wastewatertrealment
coristitute ahiddensubsidyandacostto the commu-
nity (thegovernmentcouldhaverentedthe land).

iv) No interestpayments
Capital investmentsani incorporatedinto theanalysis
at the time they occur. Interestpaymentson loans
which are used to fiinance capital expenditureare
trarisferpaymentsanddo not constituteacostto the
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community as a wholo. Theyarethus oxcludedfrom
the analysis

v) Assessmentperiod
The period over which the project is assessedis
chosento refloct thecyclicabnatureof manymvest-
monts,andthedifficulty ofrealisucpredictaonof costs
and bonoflis too far into the future Seloctionof an
appropriateassossmentperiodas partacularlyampor-
tent for invesirnentsm sectorssuch as sanatation
where technobogyis changangvery quackly.In these
circumstances,the investmentperiodshoubd not be
too long. Suchcircumstancesfavourbowcostaltorna-
tives which holdopenfuture options -

An exampbeof an economicanalysisis shownin
TableA2.1 which is locatedat theendof this appen-
dix. The projectdescrabodis en anacrobacsanitation
projectwith acapitalcostof 12.25 m, expendedover
fourteenyearsas shown SectxonA2.2.7sets out this
examploin detail.

2) Definition of costsand benefits

i) Con’s
The analysisattompts to idontify all theinputs antoa
project andto eestthom. This costing attemptsto
reflect the valuo of thosemputs to the community
This is achiovedby “shariowpricing” monoycostsof
inputsusingthetochniquossetoutbelow.Theoutputs
of the projectarealsoexaminedandanywhich in-
volveacostto thecomniunity,for examplepoblutaon,
are includedon the cost side of the analysisWhere
shadowpncing will resultin battberelativechangein
the componentsof costaandbenefits,the accounting
(monoy)pncesaresometamesusod. Furthur details
will be setout in SectionA2.2.2bebow

ai) Benejits
The analysisalsoattemptsto adentify the bonefitsof
the outputsof a project. Again, theseoutputs are
“shadowpriced” in orderto reflectthoarrealbenefitto
the community, unlessaccountingpraceswall ado-
quatelyreflect thesebenofirs. Benefitscountedto the
projectinciudeall thosewhaclaresultfromtheproject,
bothdirectlyandindirectly. Furthur detailswill ho set
out an SectionA223below

Thus a sanitationproject hasdarectbenefits to the
communitymeasuredin moneytermsby the willing-
nessof poople to pay for the service Howevor,artdi-
tional benefits in reducedpollutaon may accruo to
peoplewho live downstreamof the project. These
peopbewill not usuallypayfor this benefat,which is
neverthelessa benofatto the comrnunatyas a whole.

Such benefits should be countedas a benefitof the
project.

A2.2.2 Costs - T

It as now necessnryto look a[costs in more detail.
Costa may ho divided in many ways, but for the
presentanalysasthey wall bt divided inatially mto
capatalcosts,operationandmaintenance(O&M) costs,
andother costa.

1) Capital costs
Capital is usuall~definedas the producedmeansof
production Cosis incurred in order to provide the
moans of productionarecapitalcosts. Thdsecosts aré
usually for equipmentor fadiities suchessewerage
treatmentplants, soptic tanks, seworpipes,comput-
ers.pumptrucks,etc.which arethemeansof produc-
tion for a sanitatfonsérvice Note thatcapitalcosts
include all costailtat areroquiredto bnng thecapital
intoproduction Thus, theyancludebandcosts(evenif
thelandis “freel’ ithasanopportunitycost),andother
“setup”costs,suchasmanagementtime andtraaning.

Beforeundertakingenanalysasof aproposedsani-
tataonsystem,severalaspectsof capitalcostsshould
ho confirmedTheseare.

t) Plansandstandardsused
It is important tat capital expendituresshould ho
undertakenton sntegacplan.This planshouldsetOut
overtime theappropriatolevelof tochnologyrequired
to reachthetargetgroupsidentifiedby theplan.

Staradardsadoptedshouldalsohavebeenassossed
toensuretheyareappropnatoforthesizcanddastribu-
tion of thepopulationserved,andthelevel anddisti-a-
bution of incomeof thatpopulation

The ini~lidâiiR5risof inappropriatechoicoof toch-
nology or standardsareserieus,as thesecostsmust
ultamatelybe borneby the usersdirectly or by the

£overnmeatt.IS a~highcoatchoice requireshigher
tanffs, lower demandwall often resultin wastedte-
sourcosandenanequitabbedistrabutionof servicos.

In thecaseof sanitataontochaologaes,this implies
that cheaperanaerobictochnobogiesmaybe thepre-
ferred option wheaiaffordabilityconstrainsdemand.

ii) Construction/jirocurementsupen’isionand
schedule T

Onceaplanis agreed,theconstructionand/orprocure-
ment of capitalequipmentmust ho undertakon.The
design andsupervasionof theseactivities is also a
capitalcost.More ainportantty,thequality andavalla-
bility of skalledpeopbeto undertaketheseactivities
must ho assessecLDelays an, and lack of skills for,
these activities will bad to cost overruns and ad-
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versetyaffectthe vaabihtyof the project.
Where such resourceconstraantsare a potentiab

problem.technobogiesthatrequirelossskills to design
areto ho favourod in orderto mimmisethe risk of
problemsin this regard.Someanacrobictochnologiies
havethis advantage.

iii) Treatinentof capita! costs
Capitalcostaareincludedin thecashflowwhendhey
areincurred In economicanabysas,no adjustrnontis
made for inflation and current estimatesare usecL
Stiadowpricing is usedon thesecosta.

2) Operationsandmaintenancecosts

i) Documentation
O&M costsaremucheasierto identtfyin conceptthan
they are in rea.lity. The total expenditureson the
operationandmaantenanceof plant, equipmontand
buitdings,andstaffwagesarerelativelyeasyto iden-
tify in most fanancesystems.
The problems come when an attempt is made to
separateout:
— anymajorupgradingonacapitalitemwhichshould
ho countedascapatatexpenditures,
— planningwork,for supervisorsanddesigners,whach
should alsoho couzitecLascapitalexpenditures,and
— O&M expenditureson onepieceof capitalequip-
mont from thoseon otheritems.Thedesignôf firian~
cial systemsshould enabbethem to dastinguishsuch
expenditures.

ii) Treatmentof O&M con’s
O&M costsareineludedmihecashilowwhentheyare
incurred.In economicanalysas,noadjustmentis made
for inflation andcurrentestimatesareused.Shadow
pricing is usedon thesecosta.

3) Other costs

i) Typesof othercosts
The othermajor typeof costconsideredin economic
analysisis the“extornality.” Externalcostsareusually
costsof projectoutputswhich arenot costedin the
projectexpenditure.Such costa areoften relatod to
pollution or disruption

This assueis, of course,particularly important for
sanitationprojects.1f aparticulartypeof treatmenthas
a high probability of failing on a regularbasis and
causingpollution,this is acostto thccommunity The
costof periodaccleanup should ho attnbutedto the
project.Anotherexamploof suchcostscanbe seenin
the type of sanitation schemewhich requiresexten-
sive excavationthroughcity streets.The largescate

traffic disruptionwhachresuits is a real cost to the
communaty,but as oftén not cosiedto the project

ii) Treatmentof other con’s
Exiemaittiesare tnchrdedin the cashflowwhenthoy
are incurre4jtit isjiossableto estimatethis, for
example in thecaseof traffic dism~tioriduringcon-
struction.Wherethis is ladt pbssiblethen an annual-
tsod amountcovenngestinaatedcosts shouldho in-
cluded.In economieanalysis,no adjustrnentis made
for anflataoaandcunentestimatesareused.

Shadowpridiiïjisiiiëd on thesecosts.

A2.2.3 Benefits

1) Revenues
Revenuesareanindichtorof thevahiepeopleplaceon
theoutputsofaproject Therovonuesderavedfrom a
projectareof two types:
— onceoff salesincôme,for oxamplo in a property
cbevetopmentprojectwherepropertyas sold, or con-
nection fees ie reticulatedservtces~
— revenuesderivedfromtheuseoftheservice.which
usuailyamountsto thefoeortariffchargedmultiplied
by thenumberof users

Tnboth casesrevenudsaredoterminedby demand,ie
- - thenumberofsabes,orusersoftheservice.Demandis.

in tuin, deterrninedby the prico charged.The two
majorassuesinvolvedin adiscussionofrevenuesare
thus demandandtanff [evels.

t) DernandlAffordability
Whetherornotsomeonebuysaproductdependsin the
fust instance,onifis erher inçome,Such cQnsidera-
tions asrebiabilatyanddesignarealso important,bui
incomedetermineswhetheror notii is possibleto buy
theproduct. -

In general,thelowerthepriceof aproduct,themoae
peoplewill buy ii. This elementaryfact is often ig-
noiedby these whcLdesjgrtsyslems_totherequiro-
monis of ostabbishedstandards.The cost of these
standardsin relanonto theincomeof theusersis often
ignored. (Note this is not always the case For ex-
ampbe, af the purchasoof a bower cost sanitation
technobogyshowsthebuyërto bepôor,this maynotho
acceptedby peoplewhowill feel ashamedathavingto

- seitle for somethingperceivedas secondbest See
“waltmgnossto pay” below.)

Such constderatronsarenot important afthore is a
cross-subsidyfromgovernmentto the serviceauthor-
ity, bui fiscatrestraintisnoWoftonrequaredon thepart
of centralgovemments,andthereis a push for more
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efficientUudoflésöurëéf.Theuseof generalsubsidies
is thusdeereasmg,andtheconceptof “usor pays” is
beirig implemented.Erom an equity viowpoint, the
conceptof “user pays” hasmuchto recommendit,

provideda rangoof servicechoicesi-s available/fea-
sible. Wherosuchchoteesarenot possible,effective
institutions to inipbementcross-subsidyschemesare
requaredto achieveanequitablesolution

1f the useris going to pay, it is thus important to
know what ho or shecan afforcL Thus, surveysof
householdmcomeandexpenditurearean important
wol in doterminingdemand.Producingaschemethat
is affordabbeto the targot groupis a major achaeve-
ment, but is not sufficient There must also be a
“willangnessto pay” on tho panof potentialusers.In
otherwords,thetargotgroupmustbe willing to spend
moneyon the sanitataonsystenioffered, therebynot
spendingthat incomeon, say, ehildren’s’ oducation.
Again, attitudinal surveyscanassisthore.

In this respect,commuiutyparticipationin decision
makingis important,asrepresentativesof thecommu-
nity oftenhaveabottergraspof thetradeoffs thatare
possible,andthelikely levelsof demandunderdiffer-
ont pricing (tarif!) policies,than systemdesigners

ii) Tanffs
Determiningappropriatetarifflovelsisatrtalanderror
process.In this processvarious elementsmust ho
balanced.Thesearesuch elomentsas affordability,
costrocoverypolicy, andappropnatelevelof technol-
ogy.Onceagain.community participationshould ho
introducedwherepossible to assistie this proeess.
This issuewill ho exaniinod in moredetail in Section
A2.3.3.

iii) Treatnientof ;evenues
Revenuesareancludodin thecashflowwhentheyare
earned.In economicanalysis,no arljustmont is made
for infiation andcurrentestamalesareused.Shadow
pricing is gonerallyusedon revenues

2) Other benefits

1) Typesofotherbenefits
The other major type of benefitconsideredin eco-
nomic analysisas, as with costs, the “exiemality”.
Extemalbenefitsare usuallybenefits of projectout-
putsfrom whachthe projectderivesnorevenue.Such
benefitsareoften relatod to hoalth or anienity This
assueis importantfor samtationprojects.

1faparticulartypeof treatmenthasahigh probabal-
aty of producingsubstantiaIhoatthbenofits, this is a
benefitto thecommunity.The problemas quantifyang
thesebenofits.

Multiplier effects may also provide other beriefits.
Theseeffectsmoasuretho stimulusor flow on effects
of aproject.Ëorexanipbe,an invostmentof $100 in a
treatmentplant Is made.This $100 is spontby the
buddingcontractor.Ho or shewifi spendsomoof the
profit on a Mercedesand someon a biggerhouse; -

someof thecostswill ho for workers’wages,somefor
materiats,and sbmo for imported oquipment.The
paymentsfor the Mercedesandthe importedequip-
mont leavethe economy, in economieterminobogy
theyare“beakages”,but theremainderof thespending
by the contractorwill ho respentm andtherroundof
spendingby thosewho receivethemoney.This proc-
esscontanuesover severalrounds of spending,de-
croasedeachtimeby theleakages(maanlyimportsand
savmg).Theresûitof$100 in anvestmentmaythusho
anadditional$2ffmcreasem theNattonalProduct.We
saythat the muttaplioras 1.2.

1f multapliereffectsaresignificantly dafforont for
differenttechnologies,then they mayho importantin
economieappraftal.This may be the case,for ox-
ample, when comparing two technologies,one of
whiehhasahigh import content,the otherof mostly
local manufacture.

Notethatexiernalbenofitscountedin “other bene-
fits” mustnotbepartof whattheuserspayfor, whieh
as countedabove.1f this is the case,only thebenefits
whichaccrueto thosooutsidetheserviceareamayho
countedas additional benefit. It should ho further
notedthatbenefitscountedto theprojectmustsatisfy
the “with/wiihoui” tesL This meansthat additional
benofatscountediri the“with project”casemustho in
additton to thosewhich the communatywould have
receivedanyway, ie m the “without” case.Thus an
investmentof $100 in amarket_mayhaveamultiplier
(flow on or linkaje) effect througji the eonstruetiçip
industry of 1.1 tainesthe onginal investment.How-
over,anyinvestmentwhichroquireseonstructionwill
havethesamomultiptier effectandthusthebenefit is
not “additional” to thecommunity.

In general,muitiplior offeetsshouldho treatedwith
caution andonly used wherethe casefor additional
benefit is strong -

ii) TreatrnëhtdfotheFbenefïti
Otherbenofitsareineludedin thecashflowwhenthey
are incurred, if It is possibbo to estimatethis. In
economieanalysis, no adjustmentis madefor infl.a-
tion andcurrentostimatesareusod.

Shadowpricin~is usedon thesebenefits.

A2.2.4 Shadowprlcing
In orderto obtainun ovirviewof this subject,it is nec-
essaryto reviewsomeof the keyconcoptsinvolved.
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Thesearethe objectivosof shadowpncing and the
treatmentof tradodandnontradodgoods

1) Objectiveof shadowprbcing
TheobjectiveofShaxiowPncingis to ostablishthereal
value(to theeorruntmity)of rosourcesusodandbene-
fats realizedby aproject.In orderto do this, shadow
pricesareformulatedto excludeanythingincludedie

themoney(oraccounting)prieeof resourcesorbene-
fits that represents:
— a transferpayment,i.e.apaymentwhichis notfor
a resourcetransfer,for oxample,salestaac,asubsidy
er intorest on boans
— a “distortion” of the markot, whero governmonts
deliberatetyinterfere in specificpnces,uiiiall~by
fixing the pncoof a good direetly, by givmg tariff
protectionto agood,orby fixing theexchangerate.In
economietermstheShadowPncingusedin this analy-
sisrosults in an Efficiency Price.

2) Traded versusnontraded goods
A goedis “traded” af it is availableasanimport to the
country.Distortionsof themarketto dowathexchange
ratesandprico fixing can,approxiinately,ho elimi-
natedby takingtheborderprice, i.e. thec.i.f. priceof
theimport,astheefficiencyprice.Theefficioncyprice
of nontradedgoeds.suchaswaterandsanatationserv-
ices, are also estimated.

A detaaledexampleof the derivationof efficiency
pricesfor nontradedgoodsis beyond the scopeof the
presentdocument.Ii is sufficient to say that these
factors are doterminedby assessin~the taxos and
distortions in the domesticeconomy,andthencon-
vortingthisassessmentinto anconversionfactorwhich
is apptiedto the accountingprico Whon coriversion
factors areestimatedfor both tradedandnontraded
goodstheofficiency prices aregivenby the formuta:

Effacioncy Pnce= -

ConversionFactorx Accounting Price

Various types and levels of conversionfactors are
availabtofor usein avarioty of situatïônsThesefac-
tors can ho specifieto particularinputs andoutputs,
particular sectors,or generalas wath the Standard
ConversionFactor(SGP).TheSGPis oftenusedasa
rough approximationhocauseit can ho easiIycalcu-
lated.

3) Application of shadowpriclng
Other factors can ho appliedto the determinationof
shadow pricesin addation to the efficiency price out-
lined above. Adjustmentsfor social pnorities, for
examplehonefitsto tow mcomegroupscanho made.

Denefitsderivedfrom theeconomieconceptof con-
sumersurpluscan,with greatcautionho addedto the
analysis.Theseare,however,hoyond theseopeof the
presentdiscussioat

A2.2.5 Assessment

1) Cost Benefit AnaysisandCostEffectiveness
Anatysis

The assessmentof a project requires some basis of
comparisoneither with alternative projects. This is
providedby the teehmquesof CostBonefit Analysis
(CBA) andCostEfféctivenessAnalysis(CEA). The
economieassessmeritofaprojectusingCDArequires
thedetermmationof costsandbenefitsto thecommu-
nity over time. Theseeostsand benefitsareset out
overtime in acashflowformat.Thisformatallowsthe
useof CDA techniquésandthe“return” on theproject
can ho calculated

Wherehonefitsareuncortainorwherecertain1ev-
etsof outputsmustboattamed,CEA canbe employed.
The effectivenessofla project can ho measuredby
comparingthe cost of vanous projects which will
achieveagivensetof quantifiabbeoutputs- not neces-
sanlyhonefits CEA estahlishesthe bast çoginethod
o(achiovingagivon projectoutcome.

2) CDA techniques’
Two techniques will ho chscussed.These are the
Benofit Cost Ratio (BtR) and the IFaternalEconomie
Rateof Return (IERR). Thesetechmquesboth requare
the useof aeashflowformat, and discounting

Discounting is the economie techniqueusod to
reflectthetimevalueofmoney,thatis, thefactthatone
dollar todayas morevaluableto apersonnowthanone
dollar in a weeks’ time. The choiceof appropriate
discountrate(s)is apôtitical docision,but if noneis
suggestedtherateapplymgto currerit long termgov-
errtrraeiïrbondsis a first approximation.The discount
rateis’applied to the isreamsof costsandhenefits,or
to not honefits,to determinetheir presentvalue.

The discountedvalue of net benefits (honofïts-
éôuii) is referredto asT theNot PresentValue(NPV).
This measurecanho usedasanassessmenttechnique,
theprojecthomgviab~oif theNPVs positive at the
choson dascountrate. The BCR is~anoïherway of
presentangthis result (seeholow).

In general, a high discount rate may erode the
relativebonefitsoftechnologies,suchassomeanaero-
bietechnotogios,wherethereas a low O&M costover
time. This is because,1atthe higherrate,futurecosts
have a lower presentvalue.
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i) BenefitCostRatio
The BCR is the ratio of the PresentValue of thebene-
fats of aproject to thePresentValue of the costa.Both
Present Value calculations use the chosendiscount
rate to expressfuture benefats and costa in terms of
their valuein the baseyear. 1fthe BCR is grëïtor thuii
one the project should ho undertaken.

ii) Internaleconomtcrate of return
This is thediscountratethatsetstheBCRto one.The
higherthepresentvalueof thebenefits,thehigherthis
ratewill ho. Ciovernmentsmay haveestablishedstan-
dardsfor ratesof return.1f noneexist thon a first ap-
proximation will ho a minimum rate of that return
applying to long termgovernmentbonds.

3) Sensltivlty -

The CDA and CEA techniquesset out ahoveare
useful,but it must ho remomberedthat this analysis
takesplacein an uncertainworld. At theoutset, our
assumptionsof discountrate mayho inaccurate.Thus
it is usoful to examinetheoffectsof variationsin this
rate.This will usually not haveagreateffect mi the
rankingof projects,butmaymakeconsiderabledaffer-
encesin the contentof an investmentprogrammeaf
fixed BCR criteriaareto ho applied.

Estimation of costsand benefits,and the elements
which make up theseitems may ho uncertain. This
uncertaintyshouldhoreflectedby cestanglikely van-
ationsof theseetements.Such testsarecalled sensitiv-
ity testsand areusually carriedout by varying the
assumodlevel of an item by areasonablepercentage
and assessingthe outcome on the BCR and IERR.
Where such vanations causea project to fail estab-
lished criteria, they have identafiedanareaof risk for
the project.Thequestionof whatmeasuresshouldho
taken to reducethatrisk thenarisos.

4) CEA techniques
CEA techniquesusecashflowsto setout costs,and
then apply Coat EffectivenessRatios (CERs) in as-
sessmont.CERsmeasurethePresentValue of Costs
incurred to achiovegiven levels of outputs.These
levelsusually expressminimum standardsof techni-
cal performanceandof service.Thetowestcostproj-
ect whachachievesthese minimum levelsshould ho
the onechoson for implementation.

Difficultios occurwith this approachwhenwidely
daffonngoutputsaredorived from projects.Theneed
for trado offs amongouiputsraisesthe vory diffacult
issueof weightingof theseoutputsSensitivityanaly-
sisshould ho carnedoutto determinethesensitivityof
the ratiosto changesincostsandoutputs.

IRIORrHZAflON

Extremecaremust ho usedin rankingprojectsusing
the outcome of the abovoassossments(see World
Bank Staff Working~aperNo. 239, “Social Coat-
BenefitAnalysis,” Part1, AppendixD). Formutually
exclusaveprojects,wheresufficient fundsareavall-
abiefor anyof the projects,the BCR can ho used to
prioritize. Forpiuioritizationaçrosssectors,or across
projects which are not mutually exclusive,other tech-
niques, involving explicit or implicit weightang of
criteria are used. These techniques are heyond the
scopeof this disçussiôn

A2.2,6 Moriltoring
Monitoring of “Qther” economichonefats and costs
constitutesthe most slgrilfacant aspectie this stageof
ëcönömiëan~t~irfs.Mest monitoring of actualexpen-
diture andrevenue, thebasisof most of the economie
analysis,will hodarnedout usingthefmancialanaly-
sis. Theextemalcosts and horiefits in particularmay
have a significant effect on the outcome of a project
from the community’sviewpoint.

Thus, theseaspects of a project should ho mali-
tored, and,afteran appropniatetime, the performance
of the project shöuld ho evaluatedagamstthe pro-
jectedperformance.

A2.2.7 Example
As seenfrom TableAll at the end of this appendix,
the two major clivisions of an economieanalysis
cashflowareCosta andBenefits. Theseareset out
overtheassessmentpeniodof 20 yoars. Ourexample
showscapitalcostalines 1 and2. Theselinesrepresem
thenionoy costaandtheir shadow-pricedequivalents
respectively.

Lines3 and4 showO&M costs andthearshadow
prices.“Other cosCs”is shownin line5and refors to the
costsof trafficdisruptiondunngcorastruction.Sliadew
pracing has beeniijcorporated in thesecosts.

Table42 1 showsshadowpriced nevenuesom line
It These aredenivedfrom the projection of demand
on line 7 andthetariff rates shownom line 9. Line 12
shows the other benefits which arederivedfrom this
project -savingsin healihcosts.Thesehave also been
shadowpnced. The BCR Ome 13) as theratio of the
PresentValueof line 13, Total Benefits, to the Present
Value of line 6, Total Costa. The IERR (line 16) is
calculatod on Net Benefits(line 14)
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A2.3 Financlal analysis

A2.3.1 Elements of the analysis
The basic elememts of fmancial analysis are expen-
ditures andrevenues.The fimancial analysisof a proj-
ect can only ho determined in relation to a specific
group,usually the implementingorganisation.This is
doneby companingtheprojectrevenuesaccruingto a
particulargroup,to theexpendituresmcurredlhythom.
Theanalysisi~ofien carriedoutin twostages;initialty
comparingtheexpemdaturesandrevenues(profitabi-
Iity analysis),andthenconsideringthe fmancial op-
tionsavailahlofor projectfmancmg.Relatedissuesof
tiquidity anddeterminationof tariffs/pricmg arealso
important The fmal fmancialanalysisis carriedout
when the fmancingpackageis known/selected.Am
exampteof fmancialanalysascannodout for thesame
project as describedin SectionA2.2 is showninTable
A2.2 at the end of this Appendix The example is
explained in SectionA23 Tbelow.

1) Baslc concepts
Someessentialcomceptsare neededhofore the ap-
proach is outlined in detail.Theseare:

i) “Wit/t” and “Without” cases
As with economieanatysis,a project is assessedin
terms of the difference in expenditureandrevenue
“with” theproject, versusthesituation“without” the
project.

ii) Infiation is incorporated -

In fanancialassessment,anftation as appliedto hoth
revenuesand expemditures. In other words, we esti-
matetheactualmoneypaid andreceivedby theproject
overtime. Usualty, thismust ho limited to applymg an
estimate of the inflation rate to expemditures and
revemues,especiallyafter thefirst fewyears.It should
ho noted that differing inflation rates may ‘apply to
different components.

Thus, if inflataom is expectedto ho 10% perannum
for maintenanceexpemditures, and that thear curremt
level, costing 100,will ho malntainedfor two years,
thenthecoatof maintemancewill ho t 10mext yearand
121 the year after that. The choice of waste water
systemmay ho influencedby the level of infiatiom.
Wherethis is high, systemsthat canbe constructed
quickly or which containhigh proportions of local
input will ho preferred. Sirmlarly. systems which
ezposethe userto high anduncertainlevelsof O&M
expenditurearerisky in aninfiationaryenvironmemt.

iii) Financial arrangementsare centra!
Capital investmentsare incorporatedinto the prof-

itability analysisat the time they occur. From pro-
jected revenues,the fanancing requirernentscan ho
detennmed. Imterestand pnncipal paymentsom loans
whichareusedto fmancecapitaloxpemditureorwork-
ing capitalareimcoqioratédin theTanancialanalysis.
Thechoiceof systen?mayho determmedby thelevel
of fmancingavailabléfor aparticularsystems.This is
dangeroushocauseinappropnatesystemswhichhave
high levels of fmançimg and/or subsidy for capital
expenditures,but heavyO&M requirements,mayho
chosenover systemswhich are sustainabtein thelong
term

ivj Asnessmentjeri2’d
The period over whach the project as assessedis
chosemto reflect thecyclical nature of many mvest-
ments, and the financimg structure. The assessment
period for the fmancial analysismay not ho the same
as the period chosenfor the economieanalysis. It is
often taken as thé j5eriod of ban repayment after the
lastmajorcapitalexiiendature.

2) Definition of expendituresand revenues

i) Expendutures -

Theanalysisaitemptstoestimateall the moneyinputs
to aproject.Furiliur detailswill ho setout in Section
A2.3.2hetow.

ii) Revenues
The analysisalso attempts to estimatethe money
incomoof theproject:Furthurdetailswall ho setout in

SectuonA23 3 belowl

A2.3.2 Expenditures
It is now necessaiyto look at expendituresin more
detail. As in the ccbnornic analysis, they will ho
divided mitially inio iapitâl costs andoperationand
maintemance (O&M)costs. -

1) Capital costa - --

Capital costswereexplaimed inSection42 2 2 ahove.
Once-offtrainingpro~raminesand éctivitiesrélated to
the design and mstallataon of capital equapmemt are
alsocapital costs In feality, however,capital as often
not paid for in full b~’the amplememtation authority
when at aspurchased.It as either fmancedoverthe life
of theitem, or central governmentgrants pay substan-
tial amoumtsof the expendature.

Beforeundertakingananalysisof aproposedsani-
tataonsystem,severalaspectsof fmancial analysis
relatang to capital costsshould ho confirmed.These
are:
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i) Loan terins
The termsof loans,their length,graccperiödif any,
interestratesmust ho established.The amount of an
expensecoverSby the banmustalsoho estahlished
as alternative sourcesof exterraal fmance or reserves
wall homecessaryto makeup the difference. Note it is
possibleto obtainloans from commercialsourcesfor
working capital, where greatly increasedO&M ex-
penditure is required in theevemtof anoxpansionofan
existiaig system. Where reserves will not coverthe
differencehotweemfinanceandexpenditures,sucha
courseshouldho considered.

ii) Subsidy(grant versussoft !oan)
Whibe soft boansarein effect subsidies,there is in
practice no dafference m treatment from ordinary
boansdiscussedabove The documentationandtiming
requirements for subsidiesmaybeimportantin deter-
minimg the cashflow oLa projec t, however.

iii) Oosssubsidy
Crosssubsadyof oneactivity from another is difficult
to justify in termsof equitahlesharing of thecostaof
devebopmentaccordingto the amount of resources
consumed1f however,suchacourseis undertaken,
carefulrecordingof theextentof subsidyshouldoccur
in orderto prevent‘creeping” iricreasesin subsidies.

iv) Debtsen’icepo!icytcapacitytofinance
The level of debt to (net) cashflow, and to assets
should hodetermmedandcheckspbacedto ensurethat
suchratiosarenot exceeded.Thesepobacioswill vary
wath suchthingsas the level of comniunity partici-
patiom, past revenue collectiomperformance ett, and
may anfluence the choiceof system.Where a sanita-
tion system,for exampbe,hasa high level of commu-
mity panticipationandthecommunityhasshowmitself
to ho capableof servicmgdebt,them ahigherlevel of
ban fumdimg may ho appropriate.

v) Treatmentoffinancing costs
Financimgcosts (capataland interestpayments)are
incbudedin thecashflowwhentheyareimcurred.They
arenot,of course,adjustedfor infiatiom as themoney
paymemt doos not change over the repayment period
umlessspecialfactorsappby.Wheaesuchvaniationsom
traditiomal pnncipall anterest repayment occur, the
repayment schedubeis usualty just mcorporated mto
the cashflowafter calcubation.

2) Operations and maintenanceexpenditure

a) Administrationcosts
These costs are often ignored. This is not senous

wheretheycompriseasmallamountof totalcosta,but
wherethis is notthecase,theyshouldho accounteder
they will constituteahiddonsubsidy.Certainsanita-
tion technobogieshavehigh adrministrationCostaover
the life of theprôject. Theseshouldho includedin the
analysis of the project.

ii) Trauning/educatuon
Thesecostaare often igmored andshould ho treatedas
above. T

iii) Subsudv -

The sameissuesasdiscussedfor capitalsubsidiesin
1) (ii) aboveapplyto O&M subsidies.

iv) Treatmentof O&M expenditures
O&M costaaraincbudedin thecashflowwhontheyare
incurred. Adjustment is made for infiation of each
componertrs~’hifepractical. There anaerobicproc-
esseshave more predictableconstructiom costsand/or
depend less om imports, they are loss “nsky” with
respect to inflation Thismaylie an important factor in
the choice ofasystern

A2.3.3 Revenues

1) Revenues -

- Section42.2.ionieconomic a.ssessmentdiscussed the
two major issuesmvolved in determinationof reve-
nues -demand and taniff bevels.In fanancialanabysis
severalother,rebaçed,issueshocomeimportant.These
are:

i) CrosssubsidyandCostrecoverypo!ucy --

Crosssubsidy in rates chargedfor serviceshas two
implications.Thefirst is thatthepeopbeeligiblefor the
subsadymusthoeasilyidentifiable. Thesecondis that
therateof reviewof thevanousratesmust horegular,
especialbyin timesof infiation. Costrecoverypobicy
is, of course,ofprarneimportancem determiningtariff
levelsrequiredThis elementrelatesto subsidiesdis-
cussedunderthe expendituresahove.

ii) Requuredreturn on unvestment
Again, tariff levels will ho depemdenton minimum
levelsof return setby the government.

iii) Lega! issues
Primaryimportancemustho gavento confarmamgthat
the implementing agencydoos in fact havetheee-
quiredlegal authotity to setTaraTfs, to cut serviceto
non-payers,to enterproportiesto malntainandprotect
its assetsetc.Reveuiuecollectionin sanitationprojects
is notonousbydifficubt.
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The healthcorisequencesto thecommunatyfrom cut-
ting off the service oftemmakethis option difficult.
Theneedto bimk sanctionsin thisareato otherservices,
for exarnpbewatersupply, is recognised.

iv) Tariffreview
Given the legal power to carry out such peraodic
reviews,theauthoritymustlie willing to carryout the
reviewsin orderto countercoatimfiation Sâmtatiôn
tanffs may ho of severaldifferent kimds. The most
commonare:
— a householdchargeeitheron aflat rate basis or
basedom propertyvalues,
— a baserate perhousehobdplus a service fee, for
examplefor everypump outof aseptictank,and
— a surchargeom the waterbril. A connectionfee as
also oRenchargedfor reticalatedservices.

The documentatiomanddatacoblectaonrequmrements
of varioussystemsof setting tariffsreferredto above,
must ho carefublyassessedfor easeof tariff review.
Theymustalso ho consideredfrom thepoint of view
of the nood to identify groupswhich wall receivethe
honefit of cross-subsidyandto determimethe levelof
that subsidy.

Bachof thesesystemsalso hasequatyconseqiien-
cesfor variousgroupsof users.For exampbe,aflat fee
will usualbydiscriminateagaimstthe poor, but it is
probahlythe simptestmethodto admimistef.

v) Co!!ection mechanisms/effectiveness
Giventhebegabpowerto collectrevenues,theaimthor-
ity mustbe wablimg to coblectrevenues,penatisenon-
payers,andpobiceits collectlomstaff. Further,atmust
examinetheeffectivenessofits collectionsystemsin
termsof revenuecolbectedperexpemditureon collec-
tion. Altemative systemsshould ho expboredwhero
performanceis questionable.

Bach of the tariff systemsdiscussedin (iv) ahove
havetheir own requarementafor cotlectiom systems
andtheeffectivenessof thesesystemsdepemdsom the
sanatatiomtechnologychosemandontheculturalcontext
of thesystem.

vi) Treattnentof revenues -

Revenues,reflecting projected demandand taraff/
price bevels,areanciudedm the cashflowwhen they
areincurred.Adjustmentis madefor infiation of each
componentwherepracticol.

2) NetRevenues
Net Revenuesarenorrnally the “bottom line” of the
cashflow,andassessmentof theprojectis carriedout
at this poant.However, in certaincasesother “line?’

mustho addedto the analysis.Taxaliori, in particular,
hasa greatpotentiabimpaci As most sanitatiomau-
thorities arepublic b&bies, taxationis usuallynot an
assue.Where anynetrevenueis subjectto tax how-
ever,this will haveasignificamteffe ton thereturnto -

theauthority In thisoaseall deductionsfrom taxable
netrevenueshouldbeassessedThemostsignificant
areusualby - -

- 1f - Depreciation, -

ii) Ttiterest expense,and -

iii) SuperaJinuâtïoif~harjes -

A2.3.5 Assessment

1) Coat Benetit Anafysis and Cost EfTectiveness
Analysis -

The fmancial assessmentof a project uses the same
basictechmquesaseconomicassessmemtTheseare
CoatBenefitAnalysi& (CDA) andCostBffectiveness
Analysis(CEA) Théflnan~ialassessmentof aproject
using CRA requiresiiie deierminatfônof expenditure
andrevenue.and theseare set out over time im a
cashflowformat This formatallowsthe useof CDA
techniquesandthe“return” om theprojectcanho cal-
culated. Wherethereareno oruncertaimrevenues,or
wheregiven bevebsofloutputsmustho attained,CEA

canho empboyed -

- Theèffeciivea?iesfl6faprojectcanho measuredby
coitipaitng the ex~3Sidiiuréofvanoüsprbjoctswhich
will achieveagivensetof quantifiâhleoutputs- mot
necessanlyrevenues.CEA establishesthe bast ex-
pendituremethod of achaevimga given project out-
come. T

2) CBA Techniques -

The two techniquesused in ecomomicanalysiswill
againbeused.ThesearetheBenefitCoatRatio(BCR)
and the InternalRateofReturn (IRR). Thesetoch-
mquesboth requiretheuseof acashflowformat,and
discounting.Thechoicéofappropnatediscountrace(s)
is apolitical decisiom,but ifnoneis suggestedtherate
applyingto similar mvestmentsin the pnvatesector,
or wherethereareno similar imvestmenis,the prime
commerciallendmg rate are first approximations.
Governmentsmay haveestablishedstandardsfor
acceptablelevelsfor IRR&

1f noneexist theea first approximationwill ho a
minimumrateof thatrétumapplyingto sirnitarinvest-
mentsin the privates&tor, or the primeratefor bank
bending.

3) Sensitivity -

As in econoimcanalysis,thesetestsof the project’s
assumplionsareusefuliThesamerangeof testsshould
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becarriedout.wath thenddationof atestof variations
in thecateorratesof inflation.

4) CEA Techniques
CostEffectivenessRatiosmeasurethePresentValue
of Expendituresincurredto achievegivenlevels of
outputs.Theseoutputsmustachievemanimumlevels
The beastcoatprojectswhich achievestheminimum
bovelsshouldho the onechosen.Thesamediffaculties
as identified in economicanalysisoccur with this
approachwhen wodely differing outpuisarederoved
from projects.The moedfor tradeoffs amongoutputs
raisesthe very difficult ossueof weighting of these
outputs

Sensitivityanalysisshouldho carnedout to deter-
mme the semsativity of the ranos to changesin ex-
pendituresandoutputs.

PRIORITIZATION

Financial prioritizaiion is conceptuallyeasierthan
that appbiedto economicanalysas.In theory,any in-
vestmemt that makesan acceptablemate of return is
financabbe,andthereforeworth undertakmg.

Diffaculties arise when the high flnancial return,
sayto amunicipalaty.is dependentom asubsidyfrom
thecentralgovernmern.Theprojectmaynot befiman-
cialbyattractive(evenifeconomicallyjustifield)to the
centralgovernment.Probbemsof adirnnistrationmay
also constraanthe numberof projectswhich can ho
impbemented.

Thesametechniquesusedfor cross-sectoralpnori-
tiszation(seeSertion A22.5), involving assèssmëht
of projects against agreedcriteria, are requiredi to
prioritize in thesemorecomplexcases

A2.3.6 Monitoring
Monitorangof financiabfiows is essentialto theviabil-
ity of the project. Key ebemenisrequinngeffectave
monitoring systemsare~
— Tamesofcritical cashflow(whenrevenuesandex-
pendituresaresimilar) andprovasionmadefor such
risks.
— Thetargetsfor oxpendatureseg. wages,numherof
users,total revenues,levelsof tariff etc , and;

— The targetlevels imid timing of expendituresand
revenue enhancementmeasumes(highertaxesand/om
fees)

After an appropriate~time, the performanceof the
project should ho e’aluatedagainstthe projected
performance.Centrarmonstoring of impbementing
organisations,especiably wherecentral government
loansor subsidiesarelinvolved, as oftenrequired,and
will usethis financiafdata

Â2.3.7 Example
Anexampbeof anfanancialanalysosis shownin Table
A22 which is at theèndof this A~pendix.This ex-
an1pleusesthesameprojectdescribedin SectionA22
and which is subjeciedto an economicanalysis in
TableAll.

Our analysisis carriedout to fmd the fanancial
returnto thelocalgovernmentwhichmustfinancethe
periodsof negatsvecashflowfrom reserves(line 13).

As seenfrom TableA22, the two majordivisaons
of afmancial analysiscashflowareExpenditureand
RevenueThesearesaoutovertheassessmemtperiod
of 20 years.Ourexaoiipleshowscapitalexpenditures
in lme 1. Theseexpendituresarearljustedfor inflataon
of 6% in line 2, and the cumulativedebt service
obligationsof the projectareshownm line 3.

Line 4 showstötafO&M expendatures.Theseare
adjustedfor Fmflatioiï in (The 5. Nhte that the debt
service obligatioms id line 3 are deraved from the
FonanceCost tuNe at the bottom of the page. Each
yearbycapitalexpenditureis assumedebogibbefor at
banat 10%interestovera25yearperiod.Notealso
th~tthe ainoiii~f1&h yearlybanaregjven by the
ififlafedcapitaldôsiiiff1ihë~.ThèyZarly thtâlof these
banrepaymentsat the bottom of the FananceCoat
table is the sameas thc amountsshownin line 3.

Table A22 shows reivemueson line 11. Theseare
derivedfrom the projéctionof demandon line7 and
the tariff ratesadjusiedfor infiation om line 10. The
constantoost taroffs shownon Ime 9. TheBCR (line
15) is the ratio of thePresentValueof line 11, Total
Revenue,to the PresentValue of line 6, Total Ex-
penditure.The IRR (line 16) is calculatedom Net
Revenueto Local Government(line 14).
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Glossary

Aerobac In presenceof oxygen.By aerobictreatmentis meant
theboologocaloxidationof organicmatterin thewaste
waterby microorganisms. -

Anaerobic In absenceof oxygen Anaerobictreatmentis thebio-
logacal breakdownof organicmatter in absenceof
oxygen. SeeSecizon3.2.

Attachedgrowth Baomassas growangaltacheojto somecarnermaterial,
like matrackiongfilter orrotatingboologicalcontactor

BOD BiologicalOijgiiilD&haand Au irodicaiionof thecon-
centrationofbiological degradablematterin thewaste
water Expressedin dog/L (Oxidationof reducedno-
trogenis not mcluded.)

Black wastewater

COD

Combinedsewer -

Communal systems

Community participation

Conventionalsewerage

Toilet wasiewater.faeces,unne,waterusedfor cleans-
ing andflushong.

Chèmiokaföxygè~h iii~&i. fndi~idonof the total
amountof chemacallydegradableorganicmatterin the
wastewater Expressédin mg/L. Recincednitrogenis
not mcluded. - -

Sewerdesignedor uind for the dischargeof waste
wateras well asstorm water.

Wasie watercollection and treatmentfacilities, de—
signedto treat thewastewaterof 10-100households.
Householdshavethearown privatetoibets,connected
to the communal tank by a smallsewersystem.

Participationofbenef[ciariesin thechoice,implemen-
tationandmanagementof samiary facifities.Cominu-

nity participatoonshould improvethe acceptanceand
bnngdown the fmancialcosts.

Sewer systems,designedalong conventoonalEuro-
peanandAmericanstandardswith respectto gradoent,
diameterand depth.

DM

Drain

Abbreviation of Dry Matter (expressedas weight).
Equavalentto dry solads

Gutterorcanalthat servesoriginally for thedischarge
of storm water, oftenmasusedas a sewer.
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Economic cosis

Efïiciency -

Eutrophication

Financial costs

Grey wastewater

Costsasseenfrom thepomtof viewof theentireeco-
nomiccommunity,usually the nation

Percentageremovalof pollutantsm wastewaterby a
treatment.

Outcomingflow of waste water. The flow of treated
wastewateras al leavesthe treatmentplant is usually
meant.However,wath “industroaleffluent”the flow of
raw wastewaterasIt leavesthe factory as meant:the
used processwater. From the point of view of the
treatmentplant we cail it influent.

EnfichmentM~ surfacewater body with nutrients
necessaryfor growthof algae(usuallyphosphorusand
natrogenaremeani).Lutrophacationcan leadto exces-
savealgal bloom: theresult as thedegradationof the
ecosystemandalessersuitabiliiy for drinking water
supply,recreatioro, fasheng.

Cosis asseenfrom thepoint of view of the organisa-
toon/actorsin a project

All wastewater, produced in toilet as well as kitchen
or bathroom

Influc’nt Incomingflow of wastewater

Institutionai aspects

Kjeldahl-nitrogenNkj

All aspectsregardingplanningandmanagementof the
sanetationstructufesandactivities.

Nitrogenpfesentii}~areducedform(ammonaa,amiraes

andorganicnitrogen),andthus representingacertain
oxygendemand. -

Maantenance

Micro-pollutants

Net PresentValue

All actevitiesto keepthe sewersystemand ireatment

plantm agood shape.

Contammants,toxk on low concentrateons,like heavy
metalsandpesiicides.

TotalBenefeisfroaii apiojectovertheentirehfespan,
translatedto thecurrentpracelevel(reckoningwith in-
flation andanierest)

NOD

Nutreenis

NitrogenOxygenbemand.Amountof oxygenneces-
sary for the oxidationof the reducednatrogen.

Chemicalsubstanc~inec~ssaryfor all biologacalgrowth.
Herenitrogenandphosphorus,thenutrientsthat limit
algalgrowthareusuallymeant.E.xcessof theserautri-

ents in thesurfacewatercan causenOgal bloem.

Effluent
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Awayfromtheresodentialarea~off-sitedisposalmeans
thatby meansof asewersystemwastewateris trans-
portedout of thehousingenvaronment.

On-sitedisposalmëahsthâi the wastewateris ireated
or dasposedof, in oriaround thehouse,m the direct
lovang envaronment.

Operatoonconcernsthedaily activotiesalthetreatment
plant to maintain asatisfying treatmentprocess.

Micro-organosms(helminths,protozoa,bacteria,vi-
ruses)thatcnncauseadiseasein manoranimal.Many
pathogensarespreadby humanexcreiaandtherefore
waste watercnn coaitain large amounts of voruses,
bactenaandhelminth eggs.

Publictoilet facihüin ser~king2-50householdsthatdo
not disposeof own toolets.

Managementof hum~nwaste,especiallyhumanex-
creta.

Sewer system designedfor the dischargeof waste
wateronly. Stormwaieris dischargedin anotherway,
e.g draans.

Sewage Thewastewaterasii is collectedin the sewersysieni.
domesticwastewaterwith possiblyinfiltration water,
drain waterandsometimesindi.astrial efflueni.

Shallow sewer

Sharedsysiem

A sewersystem,laid on groundlevel, usuallywith re-
duceddiameterSimple to constructandmaintainbui
vulnerable.

Waste water collection and/or treatmentfacalities,
servang2-10householdsLachhousehoidshasits owra

private toilet with an individual connectionto the
disposalfacility

Sludgebad

Small-boaesewer

Socao-culturalaspects

Amountof BOD (or COD) appliedperunit of actave
biomassm the treat.mentreactor.

Sewersystemwith reduceddiameterandcbosedjoints.
Stutablefor thetransportataonof wastewater,not con-
meningsettleablesolods.Requiressolidsandfat traps.

Aspectsregardangattitude,habits,religionandprefer-
encesof the users of sanitary facolotoes(and of the
authontoes!).

Sullage Wastewaterflow origanatingfrom householdactivi-
ties: cooking, laundej-ong, washing, bathing. Toilet
wasteis not included.

Off-sate

On-sate

Operation

Pathogens

Public facilimies



Gteeen ___ - -

Suspendedgrowth Configuration(of areactor)in whichthe activebio-
massis suspendedm theliquid, andnotattachedto a
carner, eg. activatedsludgeor UASB.

UASB Upfbow AnaerobfcSlddgeBlaiiikem Reactortype for
theanaerobictreatmentofwastewater.SeeC/eapter3.
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