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ABSTRACT KEYWORDS
Anaerobic digestion processes represent one of the mainstream Anaerobic processes;
technologies for indirect energy recovery from waste streams, currently Biogas;
supported in many Countries by governmental incentives to promote Co-digestion;
renewable sources such as biogas production. The intrinsic variability of Energy;
supply modes, composition and physical-biological characteristics of the Substrate mixtures.

feed mixtures, significantly affect the stability of this type of processes,
and may negatively impact on the actual rates of biogas production,
affecting the financial feasibility of thistype of projects. Composition and
pH the generated biogas are important indicators of process performance,
and theavailability of buffer alkalinity playsan key roleinthe sustainability
methane-generating process steps. In this paper, a theoretical analysis of
reguirements and applications aimed at addressing critical issues arising
during process operation in full-scale plants are reported. The aim of the
paper isto support proper assessment methodsto identify adequate design
and operating conditions of co-digestion systems for the treatment of
solid/liquid mixtures of biodegradable waste while maximizing biogas
recovery. |n order to appropriately assess the influence of organic load on
the process, a case study was included to represent possible process
conditions typical of Mediterranean Countries.
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INTRODUCTION versgonindugtries, cattle/pigfarms, dairy farms, or crop-
producing farms with land set to growing energetic
cropsy.

In particul ar, anaerobic digestionisawidely used

Anaerobic treatment of organic substratesrepre-
sentsat the moment one of the mainstream technolo-

giesfor indirect energy recovery fromwaste streams,
and must be carefully eva uated from both technical and
economicfead bility inthe presence of existing produc-
tion centers of such waste streams, such asfood con-

solution for wet resduestreatment with theaim of wa-
ter pollution reduction and energy recovery. The pro-
cessconvertsalarge part of COD into biogas (com-
posed by methane) or bio-hydrogen thanksto itshigh
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Figurel: Roleof anaerabic co-digestion in an integr ated wastewater /wastemanagement system.

removal efficiency. The anaerobic process has been
studied over theyearsfrom many pointsof view. Asa
result, both conventional and unconventional aspects
of such aprocess are adequately. In order to obtain a
good removal of organic matter during anaerobic di-
gestion, itisnecessary to properly select thesystemto
beimplemented9,

Centralized facilitiesmay allow better recovery
yieds, intermsof biogas production, better energetic
efficiency dueto scal e effects, and thereduction of op-
erating andinvestment costs, evenif such solutionsmay
more complex to managefrom an administrative/orga:
nizationd aspect. Disadvantages, both ineconomicand
sustainability terms, may berdatedtotheneed for trans-
port of biomassesto thefacility from greater distances,
however, integration of such facilitiesinto theregiona
water and waste cyclesmay ensurethe consistent avall-
ability of adequate organic loadsto the process.

Anaerobic energy recovery plantsneed significant
initid investments, and their effluent streams need spe-
cificfinishing treetment, that can be carried out by bio-
logical processes. Integration of both processes could
imply advantages, rel ated to theimprovement of the
overall energy balance of such aplant, andtothere-
duction of odor emissiong®, that isacritical aspect to
be considered under the environmental point of view
and regarding the stakehol der conflicts™.

Possible process layouts, integrating anaerobic
methane-generation processeswith subsequent aero-
bic composting of residuds, arevery interesting for the
recovery of organicsand nutrientsin agriculture. Reuse

possibilities consist of spreading thetreated organic
wastedirectly on agricultural soil, or itsuseasacon-
stituent of high quality compost. Anissueof greet con-
cerninvolvesthemixing of substrateswith waste con-
taining undesired substances, such asinorganic and mi-
crobiologicd pollutants.

MATERIALSAND METHODS

Co-digestion processplanning

Inthelarger landscape of biological wastetreat-
ment systems, anaerobi ¢ processes present awide ap-
plication area. Organic waste materias, produced in
urban, agricultural andindustrial activities, may come
fromthefollowing cycles:

o wastewater treatment: high strength organic
wastewater, mixed dudges, primary and bio-
logicd dudges,

o M SW: organicsfrom separate collection;

o agro-food industry and animal husbandry ac-
tivities liquidand solid waste, dudgesand high-
strength wastewaters.

Figure 1 showsapossibleintervention scenariofor
theintegrated trestment of organic biodegradablewaste.

Thequality and quantity of dudge produced during
municipa and industrid wastewater treatment depend
on wastewater characteristics and on the processes
adopted. Sludgetreatment isgenerally carried out in
situ (at theplant), and isusually represented by thick-
ening, stabilization, dewatering and drying. Depending
on the amounts, aerobic or anaerobicbiologica treat-
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mentsaregenerdly used for organic materia stabiliza
tion; theformer are usualy adopted in medium-low
potentiality facilities (lessthan 30.000-40.000 PE). In
the anaerobic plants, energy recovery through biogas
generationisusualy foreseen, dthough with efficien-
ciesthat aremuch lower thanthat possibleinintegrated
sysems.

A basic hypothesi sin adudge management cycle,
iswhether to sparate primary dudgesmanagement from
that of biological ones: primary dudgeissuitabletobe
ead ly thickened by gravity, and can subsequently show
greater energy returnsthan thelatter when treated. It
aso may contain undesired congtituentsmakingit done,
or theresultingmixed dudge, not suitable, in terms of
quality, for useasan organic fertilizer or for compost
production. Biologica sludge, onthe other hand, can
generdly find proper usein agriculture, duetoitshigh
nutrient content, dthough sudieshave shownthat these
nutrients (especially P), are not readily available to
crops®. Nutrient recovery in mineralized form (e.g.
struvite), hasrecently become aquite activeresearch
topic, inview of theever increasing commercial prices
of minera P9,

Wastewater and wastes produced by cattleand pig
farms, dairy farmsand other agro-food industries (pro-
ng of olives, tomatoes, wine, canned food and pre-
serves) areided candidatesfor thistype of treatment.
Thisusually takesplaceinloca dedicated facilities'®
12 Animal husbandry activities’ (cattle and pig farming,
poultry farmsand aviculture) residues essentialy con-
sist of animal dejections, both liquid and solid, often
disposed by spreading over agriculturd soilsinloosey

controlled manner. They may however condituteagood
substrateto integratein aco-digestion processes 314,

Therecently introduced practice of separate col-
lection/selection of M SW producesflowsof organic
materid with different features. Separate collection of
the organic fraction mainly operates on waste coming
fromlargeusersand, only partly, from domestic users,
itsquality features can be quitevariable. Mechanical
selection of “raw” matter allows to obtain a high or-
ganic contents and good biodegradability characteris-
tics, that can be suited amost ideally to abiological
digestion process*®®.

Quadlity featuresof the organicfractionare, never-
theless, strongly influenced by the composition of the
original materia and by the degree of the treatment:
volatilesolids content of “under-sieve” material does
not usualy riseabove 50% of tota solids. Inaddition, a
high content of inert matter contributesto lower the
quality of themixtures so that it does not appear suit-
ablefor such co-digestion processes.

Innovationin organic wastetreatment and disposa
can beachieved through severa technologicd interven-
tionsdifferentiated on thetype of plant, and through
managerid optionsa different level sof complexity. Ini-
tia criteriaguidingin the choice of aspecificfacility
layout planning, must takeinto account severa objec-
tives, such asprocess efficiency and environmenta im-
pact. Often, the main constraints, related to the fea-
tures of the intervention area, are constituted by the
availability of organic materidsand by thenatureand
composition of organic matrixes. Thequality and quan-
tity of organic matter avail ablefor treatment depends

TABLE 1: Characterigticsof biodegradablewasteand wastewater.

COD

Solids M acr o-nutrients

Substrate total  soluble total volatile  Nitrogen Phosphor us PH
gO./| % o/kg % oN/kg gP/kg unit
Dairy effluent 1570 4070 0.2+0.5 80+90 7+10 0.6+1.0 36
Olive oil mill wastewater 2+82  40+60 0.5+25  70+90 0.3+0.5 0.2+0.3 4.0-5.5
Winery effluent 1092  40+70 6+80 7090 0.02+0.25  0.002+0.47 3.0:5.3
Slaughterhouse wastewater 15 30+50 13 7080 0.1+0.2 0.001+0.002 6.0+7.5
Municipal primary sudge 1025 40+60 20+70 60+-80 0.3+2.8 0.2+2.0 5:8
Cow Manure 35 2030 90+150 65+75 0.15+0.18 0.2+0.27 6+7
Pig Manure 1030 3050 10+20 40+70 2+4 0.1-0.2 6+7
Fish waste 60+420 300+400 50+80 1535 3+8
MSW organic fraction 15+210 100+250 80+90 1+12 0.7+2.5
ﬂbgecétzo/og C—
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ontheintengity of activitieswithintheterritory, climatic
factors, number and potentid of waste production cen-
ters, and disposd moddities. TABLE 1 summarizesthe
main characteristics of atypical biodegradablewaste.

Planning and design choi ces must guarantee pro-
cessesefficiency and environmental sustainability and
impact minimization. Thetwo most common possible
solutions, inrelation to the treatment options, arethe
following: ingtutreatment at facilitiesservingasingle
farm, or centrali zed treatment, whether at existing mu-
nicipal WWTPs, or a new dedicated facilities servic-
ingaconsortiumof users, publicand private. Integrated
systems haveto becarefully considered, both for the
construction of new facilities, and for the upgrade of
dready existingones. Systems’ feasibility must be veri-
fied through atechnical-economic anadysisof theinter-
vention scenarious onthe specific territory, eval uating
existing waste stream production and plantslocation,
sdl ecting the most appropriatetechnol ogies, anadyzing
product destination, and assessing law constraintsand
asustainablecostslevd.

Processinfluencesand oper ational issues

The choice of aspecific processderivesfromthe
andyssof theactud feed mixture(densty, settling prop-
erties, solidstendency towards coa escence or adsorp-
tion), of theorganicload physical characterigtics, dis-
solved and particul ate, and of thebiomassaffinity to-
wardsthe substrate. Following aresomeindicationson
process and operational parameters that could be
adopted to optimize adigestion process. Depending
onseverd factorsand considering thevarigbility of tech-
nical solutionsand operating conditions, itisinteresting
congderingthevauedueto theextenson of thediffer-
ent ranges.

Optimization of operative conditionscan, in gen-
erd, be achieved adopting afeeding rateasuniform as
possible. Composition, physicd-biologica conditions
of feed mixtureand their variability significantly affect
thestability of the process; preprocess’/homogeni zation
storage caninducesgnificant variationsof thesubgrate
quality, caused by the devel opment of natural fermen-
tation processes.

In the digestion of poorly degradable waste, the
hydrolytic phaseisthelimiting step of thewhole pro-
cess. In cattle manure anaerobic digestion, hydrolysis

and acid production play themain roles: the devel op-
ment of two different enzymatic processes, oneiscon-
trolled by native microorganismsaready presentinthe
manure, the other by external enzymes*617isneeded
for optimal efficiency. The hydrolysisprocessiscon-
trolled by pH, temperature and by thetota or dissoci-
ated concentration of volatilefatty acids (VFA)™. SRT
can aso bealimiting factor for acomplete substrate
hydrolyzation to occur(.

Thefeed may contanimpurities, suchassand, glass,
metds, plastics, woodenresiduds, terrain, straw. These
must beeiminated asfar aspossibleprior todigestion
since, onceinthereactor, they can determinemalfunc-
tionsand loss of process volumée?2, Highly diluted
mixturescan beopportundy treated by fineseving, sand
collection and thickening.

A suitable mixing and ahegting to optimal process
temperature should be foreseen to promote good bio-
degradation of the mixtures. High sludge water con-
tentsimply increasing costsfor 4 udge hegting, not com-
pensated by higher energy recovery. Mixtureswith a
too high solidsdensity affect processinterna mixing
dynamics, andinterferewith mobilization of dudges. It
isadvisableto plan solidsfeeding at thefront head of
the heat exchangers, or at recycle pump location, and
an automeaticremoval of foamsand floating substances
fromwithinthereactor.

Advanced degradation of thesolid fraction, dlows
thereduction of theamount of waste dludgeto be sent
to apost-treatment and, eventualy, fina disposal. To
improveanaerobicdigestionyiddadsointhissensg, itis
possi bleto enhance the hydrolyzation phase through
enzymatic, therma and chemica processes™.

The presence of toxic/inhibiting compoundsinthe
substrate hasto be carefully eva uated, considering the
acclimatization cgpability of microorganismsaswell; an-
tibiotics, disnfectantsand pesti cides can a so be present
and may inhibit partly or infull biologica degradation.
M ethanogenicinhibitors, such asfatty acids, hydrogen
sulfideand ammonia, that are al so generated withinthe
processitsalf, aretoxicif present in unionized forms,
which depends on pH values. Fatty acidswith short
chain represent arelevant product of thedigestion pro-
cess; during digestion of rapidly hydrolyzablewastes,
an abnormal increase in fatty acids can point out an
organic overload situation. Glucosefermentationisin-
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hibited whentota VFA concentrationinthereactor is
higher than 4 gL-4?2, Both propionic and butyric (fatty)
acidsare methanogeni ¢ bacteriainhibitors. It has been
shown that aconcentration higher than 3 gL of propi-
onic acid, leadsto processfailure??4, Aceticacidis
usualy present at concentrationshigher thanthat of other
fatty acidd?. Ammoniaistoxic at pH values greater
than 7, vol atil efatty acidsand hydrogen sulfideat val -
ues|lower than 719,

All thesefactors may reflect negatively on biogas
production rates; pH and biogas composition areim-
portant indicatorsof the stability of the ongoing pro-
cess, and theavailability of resdud akalinity playsan
important rolefor the maintenance of methanogenesis.
In an unstable process phase, thefollowing operative
parameters can be manipulated for control purposes:
hydraulic retentiontime, solidsresidencetime, gpplied
organicload, dudgetemperature. Buffer capacity and
pH should bemonitored, aswell asfatty acids concen-
tretion.

PH stabilizationisessentid to achievehigh conver-
sonratesof volatileacidsinto biogas, minimizingtheir
accumulationinthedigester. Thisinfact will leadto pH
decrease, and to areduction of the bicarbonate buffer,
thusinhibiting methanogenicactivity. Themost effective
and fast way to adjust pH to closeto neutrality values,
istheaddition of dkdinesolutions(sodiumand cacum
hydroxides, sodium carbonate and bicarbonate) to the
feed. Theuse of strong bases, such aslimeor soda, on
the other hand, impliesdrawbacksrelatedtothevaria-
tion of carbon dioxide concentrationinthegas. If the
rate of CO, absorption, bothin gaseousformandin
solution, istemporarily higher than the production of
biogas, thedigester can go into depression, with dan-
ger of arinfiltratinginto thereactor, and the subsequent
formation of explosve mixtures.

Buffer capacity can also beincreased quickly by
addition of strong bases or carbonate salts, obtaining
theremoval of carbon dioxideinthegasphaseandits
conversion to bicarbonate. Thebdanceof thegas phase
can, however, proceed slowly and lead to overdosing.
In amore suitable operation, bicarbonate can then be
added directly!?.

Reduction of theratio between organic and nutri-
ent loads hasbeen shown to beuseful in pH control 22,
In co-digestion of M SW processes, acritical value of

BioTechnology — ammm—

the COD/N rate was determined at about 50%9. In
digestion of anima husbandry waste, biomassacclima
tion dlowed minimization of theinhibitory action dueto
high ammoniaconcentrationg®.

Pr ocess contr ol

Process modelling techni ques have now evolved
into amature simulation tool and are now one of the
most efficient methodsfor defining project strategies
and actuating process control. Among the mainstream
models, theAnaerobic Digestion Moddl No.1 (ADM1)
isperhapsthemost used, asit describesthethreewell-
known biochemicd intra-cellular stagesof acidogenesi's
(fermentation), acetogenesi s (oxidation of organic ac-
ids) and methanogenesis and the two extra-cellular
phasesof disintegration and hydrolysisthrough parallel
reactionsthrough afirst-order kineticg®Y. TABLE 2
summarizesthekinetic parametersapplicabletodisin-
tegration and hydrolysis. Thebiologica processesare
represented by means of Monod-typereactions. Fig-
ure 2 showstherange of applicable parametersasre-
portedinthetechnical literature®233,

TABLE 2: Modelling parameter sof disintegration and hy-

drolysisof biodegradablewaste solids: first order constant
ratefor mesophilic process(d?)

Substrate Disintegration Hydrolisis Reference
Cheese whey 0.13+0.24 [34]
OOMW 019+035 [34]
Municipal primary sludge 0.25 0.10+0.40 [35]
Cattle manure 0.13 [34]
Pig manure 0.01 0.28+0.68 [34,36]
Solid waste 0.41 0.03+0.40 [18,37]

A case study wascarried out in order to assessthe
possibility of co-digesting specific waste streams gen-
erated in an Italian city, the operational resultswere
then used to build amodel of the processto simulate
operating conditionsand processdesign dternatives.

CASE STUDY OF MIXEDWASTE
CO-DIGESTION

Experimental setup

Inorder to assess co-digestion possibilitiesof amu-
nicipa sludge and abiodegradabl e waste, an experi-
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Figure2: Monod kinetics parameter sfor mesophilic anaer obic digestion of or ganic substrates. Legend: acidogenesis of
monosaccharides(O) and amino acids(¢); acetogenesisof long chain fatty acids(A), valerate(x), butyrate([) and pr opionate

(+); acetoclastic methanogenesis(X)

mental test was carried out in order to determinethe
anaerobic biodegradability of themixture (Figure 3).
Testswerecarried out at amesophilic temperature
of 35°C. This is the most common temperature for this
typeof processes, asit generaly optimizesheating re-
quirements of the digested mass and energy recovery
yields. Theinoculum was congtituted by stabilized mu-

I

Figure3: Lab-scalebatch anaerobicreactor. Legenda: (1) 1
liter glassbottle; (2) stirred thermostaticwater bath; (3) no-
returnvalves; (4) plastictube; (5) eudiometrictube; (6) ex-
pansion tank; (7) gasdischarge; (8) CO, trap beaker, con-
taining magnetic stirring bar; (9) magnetic girrer; (10) pH
probe; (11) recor ding unit

nicipa dudge. Monitored parameterswere COD, total
(TSS) andvolatile (VSS) suspended solids, total and
ammonianitrogenand pH. Biogasproductionwasmea:
sured by volumetric displacement; abeaker, filled with
2M, NaOH solution, connected to atank allowed to
measure biogas volumes, aready depurated from car-
bon dioxide.

In the batch test, organi c substrate concentration
variedintherange5+7 g COD L. Biomassand sub-
strate were added in function of organicload, which
variedintherange1+2 g COD/g VSS. Retention time
varied intherange 500+600 hours (20.8-25 days).

Anaerobic processmodeling

A modeling study was carried out to smulatethe
long-term behavior of the co-digestion process and
verify the adequacy of process design parameters.
Smulaionswerecarried out by implementingtheADM 1
model ¥ on the tentative design and observed mixed
wastes characteristics.

Three setsof simulation were carried out, each of
them characterized by adifferent composition of or-

TABLE 3: Composition of smulated or ganic substrate

Substrate Unit Ted (ID)

A B C
Acetate gL* 5.0 25 0.5
Propionate gL* - 1.25 05
Butirrate gL* - 1.25 0.5
Vaerate gL* - - 0.5
LCFA gL* - - 0.5
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ganic substratefed to thedigester: thesewereconsti-  of smulated organic substrate used inthetest.

tuted by acetate only, by amixtureof VFAs (acetate, Organic substrate concentration varied intherange
propionateand butirrate), and last, by amixtureof VFA, 3+7 g COD L. Biomass varied as afunction of or-
vaerateand LCFA. TABLE 3reportsthecomposition  ganicloadintherange 12 g COD gSSV™. A retention
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timeof 100 dayswasassumed. Theinorganicfraction
was characterized by dkalinity, cationsand anions, in
the ranges 1500+5000, 108000 and 10+100 mg
CaCO, L, respectively. Nitrogen compounds were
assumed to bepresent in negligible quantity.

Resultswere e aborated in adimensional form, as
theratio between the actual parameter value and its
maximum va ueobserved over thetime, thusvaryingin
arangeO-+1.

RESULTS

Results observed during thethree assaysin bench
tests, wereelaborated asafunction of biogas produc-
tion and pH range. In particular, theresultsof each as-
say “A”, “B”, “C” were reported in charts a-1, a-2 e a-
3andtheresultsof relative simulationswerereported
inchartsb-1, b-2eb-3 (Figure4).

Intheassay A, aninitia peak of biogasproduction
isassociated with therelease of carbon dioxide, fol-
lowingwhichthebatch processdeve opshiogasat vari-
ablerates. Theresultsof thistest show that the biogas
ismainly developedintheearly stagesof the process,
andisaccompanied by arapidincrease of pH, follow-
ing closdly arapid phaseof acidification.

Inthe assay B, the production of biogasisdevel -
opedinanintermediate phase, andthepH, after argpid
phaseof acidification, increasesd owly toastablevaue.

Intheassay C, theproduction devel opsduring most
of thetest duration, accompanied by afirst phase of
acidificationfollowed by amarked processof akalin-
ization.

Simulation of assay A shows the production of
bi ogas concentrated in one single peak, corresponding
to the degradation of acetate, constitutinginthiscase
theonly oneorganic substrate. ThepH increasesmark-
edly aslong asthe methanogeni ¢ phase continues.

Simulation of assay B, biogas production develops
through three subsequent peaks corresponding to the
degradation of thethree organic substrates contained
intheinfluent, and consisting of VFA’s (acetate, propi-
onate and butyrate). The trend of pH shows now a
moderate acidification phase, promptly followed by a-
kalinizationwhich supports methane production.

Simulation of assay C, inwhichavailableorganic
substrateisamixtureof VFA, vderateand LCFA, more

pronounced peaks of biogas production are evident.
After afirst stageof acidification, the pH remainscon-
stant whilethe production of methane starts; afoll ow-
ing increase of pH value supports amajor phase of
methane production. A moderate pH decrease, and a
find, lessintense

Amongthemain results, batch assaysallow to get
time and maximum rates of biogas and methane and
someinformation on theprocessof acidification by mea-
suring the pH and the availability of alkainity. Results
observed and cal culated during thethreeassaysin bench
tests, were e aborated as afunction of biogas produc-
tionand pH range (TABLES4 and 5).

Some simul ations show that the peaks of biogas
flow correspond with therel ative maximum of methane
production. Thisaspectiscertainly representativeinthe
degradation of solublesubstrates, quickly convertible
into methane. Thiscondition can detect alimitinthe
modeling of the processin batch process of substrates
dowly acidifying, aso present in particulateform, when
the carbon dioxide production is predominant, in par-
ticular inthefirst phase of the process.

Consdered the gpproximation of dataused for base
parameters of kinetic processes, theexperimenta as-
says present highest values of biogasrate production
compared with datasimulated, but thecompared overdl
production rateisrather satisfactory, considering that
the process of methane production devel opsduring the
smulaiontimeinamorelongtime Themoddling study
representsthedifferent processasasequentia series
andthisisnot widdy confirmed inthe observed assays.
Anyway the global performance of anaerobic process

TABLE 4: Resultsobserved in anaer obic biodegr adability
assays

Test Biogas maximum flow rate (mL h™) pH range
A 42.9 7.4+8.5
B 73.8 7.4+84
C 232.6 7.2+8.1

TABLE5: Resultsof simulated anaer obic biodegradability
assays

Maximum Flow rate(mL h™%)

Test - — pH range
Biogas Carbon dioxide Methane
A 13.8 0.6 134 7.4+8.5
B 13.9 1.0 13.2 7.4+8.4
C 12.2 11 115 7.2+8.1
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CONCLUSIONS

Anaerobic treatment of organic substratesrepre-
sentsone of the possibletechnologiesfor indirect en-
ergy recovery from selected waste streams, and must
be carefully eva uated for both technical and economic
feasbility, inthe presence of existing production cen-
tersof such wastes. Satisfactory application of treat-
ment and disposal of organic wastewith an energy re-
covery goa's, needs an optimization of management
procedures, assurance of adequate waste flows and
specifications, and proper facilitieslayout and opera-
tion, inorder to obtain agood integration of al the dif-
ferent phasesthat can takeinto account theinnovations
arising from current research and best technical prac-
tices.

Theevolution of nationd/internationd regulations,
and the constant costsincreasesfor waste treatment
and disposal, will soon determinenew scenarious, where
positiveutilization of anaerobic, or other emerging pro-
cesses, for energy recovery would be considered an
obligatory solution, asdemonstrated by theincreasing
number of aready existing or planned full-scal e appli-
caions.

Althoughtheprocessitsdf isrdatively stable, some
problemsthat caninfluenceor limititsdesign potential
andyield cannot be neglected; among these, aba anced
composition of organic mixtures, possibletoxic effects
of substancestherein contained, requirement of spe-
ciaized biomassesa processinception. Amongthemain
factorsinfluencing operation of anaerobic processes,
composition and supply modalitiesof wastemixturecan
be recognized assignificantly affecting the stability of
the process. The hydrolytic phaseitsdlf isstrongly influ-
enced by pH, temperature and concentration of total
or dissociated volatilefatty acids, representingalimit
for the optimal development of the process.

The representation of the anaerobic digestion pro-
cessisvery difficult, particularly inthe presenceof com-
plex substrates. Inreal reactors, inwhich the mixing
conditionsaregenerdly not perfectly homogeneous, the
development of different processesisstrongly influenced
by thelocd availability of substrate and the presence of
suitable biomass. Regardsto the batch assayswhich

werecarried out, aquditative representation of the pro-
cesswas obtai ned (very important aspect, difficult to
represent, and the content of methanein the biogas).

Inorder to obtain an efficient representation of the
anaerobic process, further investigations are necessar-
ily required for theassessment of both the methanogenic
potential of complex substratefinalized to monitor the
processand in particular to control the conditions of
pH and availableadkdinity.
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