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Abstract

Identifying alternative sources of energy is a sratf urgency, since conventional energy sources ar
becoming exhausted. Renewable energy sources,asublogas, can be generated from organic waste,
through the anaerobic digestion (AD) technologyebtigations were undertaken at the CSIR to study
biogas potential derived from the anaerobic digestif organic waste. The results of the study slkiowe
that biogas was generated when initially 100% kitchvaste was degraded and later kitchen waste
combined with primary sludge in different concetitnas in a laboratory scale anaerobic digester
(Volume: 5L), which was operated at 35°C. The ttesofl the study showed that with increasing loading
rates to the reactor as well when the percentaigeapr sludge increased (70%), a higher volume of
biogas was obtained. Furthermore, the results sth@velear relationship between the loading rate and
the gas production rate. This paper will provideoramendations as to the possible applicationshier t
generation of heat and power. Possible applicagwago fuel microturbines to generate electrieityl
process heat

1. INTRODUCTION

Identifying alternative sources of energy is a sratf urgency, since conventional energy sources ar
becoming exhausted. With the increasing populatibe, demand on energy is growing accordingly
(Kalyuzhnyi, 2008). Renewable energy sources, figlhiogas, can be generated from organic waste,
through the anaerobic digestion (AD) technologyg&&dink, 2002). Not only will the population aneth
economic growth cause a demand on the energy supplifl also contribute to the generation of weast
The production of biogas, operating anaerobic dages has been used worldwide as a source of
renewable energy (Kalyuzhnyi, 2008; Hartmann & Abri2006). Van Nes (2006) describes that in the
rural areas of China and India, biogas producewh fooganic waste, e.g. kitchen waste, animal dumg an
human excrements, is used as energy for lightirnyaoking. So far only a few examples of biogas
production from organic waste, mainly manure, far generation of light and cooking gas have regentl
been identified in South Africa (Agama, 2008; pascommunication, J. Van lerland, 2008).

Anaerobic digestion (AD) is a process in which miorganisms break down biodegradable material in
the absence of oxygen. The digestion process begthsbacterial hydrolysis of the input materiats i
order to break down insoluble organic polymers saglcarbohydrates and make them available for other
bacteria. Acidogenic bacteria then convert the ugad amino acids into carbon dioxide, hydrogen,
ammonia, and organic acids, where after acetodeamiteria convert these resulting organic acids into
acetic acid, along with additional ammonia, hydrmgend carbon dioxide. Methanogenic bacteria fynall
are able to convert these products to methaneahdrc dioxide, (Hartmann and Ahring, 2006).

Anaerobic digestion can be applied to treat variouganic waste streams - waste water (sewage),
agricultural waste (manure), food waste and thewumfraction of municipal solid waste (OFMSW).
Globally, landfilling of waste was practised; howeyvthis way of disposing waste has been banned and
thus discontinued in a number of countries (Jeveagkz, 2008). In South Africa landfilling is still
considered the most practical waste managementoche#iithough many of the active landfill sites in



South Africa are currently under pressure to c(dsevaskiewitz, 2008). The middle class in Southcafr
generates in the order of 2.7 million tonnes/ydadamestic waste (DEAT, 2006). This translates to
about 0.7 kg waste/day produced per person, colnjgata 0.73 kg/person/day produced in developed
countries such as the UK (Aust al, 2006). The biological treatment of organic wagi@% by mass)
has become an established technology in many Eanoged Asian countries. This way of organic waste
treatment should also be implemented in South Afdior two main reasons: firstly, less waste willdf

its way to landfills, which are running out of spaand secondly, the organic waste has the poténtia
generate biogas, as a renewable energy sourcemEshe local energy supplier in South Africa had a
shortage in electricity supply in the first few ntlas of 2008, which resulted in many power outaget a
in subsequent economic losses for a great numbmrsahiesses.

The anaerobic digestion process was and in sones sl is an established technology as a way to
reduce the amount of sludges produced at sewagtspaSouth Africa (Ross et al., 1992). Sadly, ynan
of these digesters are presently not operated pyopeare even entirely non-operational or simpdy in
use. The study by Snymaast al. (2006) revealed that at sewage plants in Southc#&frthe main
challenges relate to operation and maintenanaefrafstructure. This is not unique for South Afrisace
Kalyuzhnyi (2008) revealed similar situations fdmetformer USSR, where the first full scale
implementation of the AD technology happened in1BB0’s at a waste water treatment plant (WWTP)
in Moscow. The biogas was used for heating thestiigs, similarly as occurred in South Africa inglo
days. Nowadays, the authorities in Moscow and smdings have realised the potential of biogas
resulting from animal manure and the waste gengrayethe Russian agro-industrial complex and are
thus revisiting the utilisation of the many exisgtidigesters for the generation of renewable energy.

Considering that many municipalities in South Adrstill have digesters on site, which could be used
the co-digestion of sludges generated at the WWTR @rganic waste, produced at restaurants, the
Russian example could be followed in South Afritherefore, revitalising the digesters on WWTP sites
by adding organic wastes to the sludge degradiggstiers to generate alternative energy should be
encouraged.

The objective of the study presented here waswvestigate the biogas generation potential fromcthe
digestion of kitchen waste with primary sludge iffestent ratios.

2. EXPERIMENTAL

In order to achieve the objective, a 5 L closeagglbottle was used as a stirred anaerobic batckorea
The reactor (M) was operated at 35°C (mesophilged The reactor was filled for about 50% of the
volume with sieved (0.5 cm x 0.5 cm) anaerobic g&ybf which the volatile solids (VS) was 20 g/L,
obtained from the anaerobic digester at DaspoadtioRa, sewage plant. Heating the reactor to the
required temperature was achieved by way of a labé stirrer system. The reactor was fed with ocigan
waste, obtained from the kitchen of a CSIR-campssaurant. This waste (VS: 150 g/L) was minced in a
“Sinkmaster” (an organic waste disposer, normallifcbinto kitchen sinks to remove table scraps) and
added to M, to start the digestion process. Sangking and gas emission took place through two
separate openings at the top of the reactor. Fraynldto day 40, M received only kitchen waste in
different concentrations to stabilize the reactacpss and to initiate the biogas production. Fdam41-

57, the reactor received kitchen waste (KW). Dutinig period the loading rate was increased stgadil
from 1.7 to 2.5 to 3.7 g VS/L with the aim to investigate whether the gas petidn rate would
increase accordingly. From day 58-77 the KW waseddi the reactor in combination with primary
sludge (PS) in the ratio of KW 75: PS 25. Theredftiay 79-90) this was changed to a ratio of KW 50:
PS 50, while from day 90-105, the ratio became KWaBd PS 70. The loading rates of the reactor are
presented in Figure 1.
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Figure 1: Theloading rate of the reactor M.

It can be observed from Figure 1 that the loadatg to the reactor during the first 40 days of apen
was irregular, which corresponded with the stadiiits of the process. Once it was noted that tise ga
production and thus the reactor operation becaatdestthe loading rate was increased step wise4tiay
57). Figure 1 furthermore shows that the loadirtg during third part of the experiment (day 58-105)
being the co-digestion period was performed in mtrofled manner, with regular small increases m th
loading rate.

3. ANALYTICAL METHODS

Daily samples (125 ml) were taken from M for pH sw@ment and for the determination of the Ripley
ratio. The Ripley ratio is a function of the volatfatty acids (VFA) and alkalinity concentratiomghich
were determined by titrating a reactor sample tovples of 5.75 for the VFA concentration and t® 4.
for the alkalinity concentration with 0.5 M HCI (Beet al, 1992). The Ripley ratio is an important
parameter to monitor the degradation process irdipester as it represents a measure of both the VF
and the alkalinity concentrations; two importantgmaeters in the AD process. An excess in VFA
production can usually be ascribed to reactor oaekl The methane producing bacteria become intibite
when the reactor pH decreases to values lower@t&arDuring the operation of M the pH was measured
daily and when the reactor pH was < 6.8, the pHmasually corrected by adding a saturated soluifon
NaHCGQ;, such that the pH increased to > 6.8. When théeRimatio was lower than 0.3, the anaerobic
digester is functioning optimally, with the requreatio of VFA and alkalinity in the reactor. The
produced alkalinity buffers the VFA concentrationthe reactor maintaining the ideal reactor pHtier
methanogenic bacteria to produce methane gas.

The daily gas production was measured by the wafdacing method. The gas volume produced in the
anaerobic reactor was captured in a bottle fillétth water, which was kept under pressure. Whensa ga
bubble entered the bottle with water, the gas oegldahe water, which was then forced out of theldoot
into a measuring cylinder. The volume of water e tmeasuring cylinder thus resembled the gas
production in the reactor.

The determinations of pH as well as for the totids (TS) and volatile solids (VS) were carried ou
according to standard analytical procedures agittescinStandard MethodéAPHA, 1985).



4. RESULTS

As already indicated, the AD process is highly ctexiological system, where microbiological, bio-
chemical and physio-chemical aspects are closeked. The stability of the process is dependerthen
balance between symbiotic growth of the differemutugs of bacteria, such as the acid forming baxteri
obligate hydrogen producing acetogens and methasof&ngelidaki, et al., 2009). This symbiotic
relationship can be monitored by the pH and measuréhe reactor by the Ripley Factor and the lsoga
production. Thus the three most important paramdt@monitor the digestion process in an anaerobic
reactor are the pH, the Ripley Factor and the gadugtion.

pH

The average pH value in M during the experimengaiqa was 6.98. Ideally, the anaerobic digester pH
should be between 6.8 and 7.2. When the organitewasadded to the digester, the acid-producing
bacteria produce VFA. When the methanogens cardegtade the VFA fast enough, the reactor pH
becomes < 6.8 (Ross et al.,, 1992). At a pH < &&,methanogenic bacteria will die, resulting in an
acidified reactor, which leads to failure. The @y pH in M of an average of just lower than 7swa

perfect for a well balanced reactor process.

Ripley Factor

The Ripley ratio results in M (Figure 2) showedttbaer the total experimental period of 105 dajs, t
ratio was mainly > 0.3. It started to decrease radoday 58, when the loading rate to the reactoris wa
increased, while feeding KW. After day 58, the fegdand thus the loading pattern changed, which
resulted in a higher Ripley Factor for M, howevethe end of the experimental period, when theitwad
rate was increased again during the co-digestioKWfand PS, the Ripley Factor slightly decreased
again in M.
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Figure2: The Ripley factor in M
Gas production

Anaerobic digesters at WWTP are nowadays not oogiclered because of the treatment efficiency, but
also in terms of their energy efficiency. As indaxh before, the main source of energy generated at
WWTP is the biogas, which is produced in the anaierdigester when the sludge is stabilised. The gas
can be earmarked for gas engines to produce eligcwor the gas can be used on site (Schwarzendieck
al., 2008). Rosst al, (1992) described that approximately £ gas can be produced from the
degradation of 1 kg sewage sludge at a HRT of 8 dad at a temperature of 35°C.



The gas production from reactor M is presentedigure 3. It can be noted that initially (day 10-20¢

gas production was < 500 ml/day. This low gas petida coincided with a low loading rate of 1 g
VS/L.day'. When the loading rate increased (albeit irregjutaroughout the first experimental period,
the gas production increased as well. From day r@aads, the increase in loading rate became more
regular (Figure 1), to which the gas productionpoegled accordingly, showing a clear relationship
between the increased organic mass to the digastkthe improved gas production. This observason i
in accordance with the results of Angelidaki et §2006), who described that loading a reactor at
progressively increasing rates as compared toed fized rate showed superior process performamee. T
relationship between the loading rate and the gadugation rate for the experimental periods dayatl
day 57 and day 62 to day 105, are depicted in Egydrand 5, respectively.
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Figure 3. The gas production over thetotal experimental period in M
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Figure4. Theloading rate and the gas production rate from day 41-57



It can be observed from the graphs in Figure 4ttiatoading rate and the gas production rate viotlze
same trend, as was also indicated by Angelidakl.e{2006). When the loading rate was increadsal, t
gas production rate responded similarly. The saprat as indicated by the trendlines, can be obderv
from Figure 5, depicting the data generated dudeng 62 to day 105.
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Figure5. Theloading rate and the gas production rate from day 62-105
Co-digestion

During the experimental period day 62 to day 10, different feed stocks were added to M as opposed
to during the previous periods when only KW waseatid he feedstock changed from a mainly KW base
to KW combined with PS as indicated under experiale\s can be noted from Figures 1 and 5, not
only the feed stock changed, but also the loadutg increased. At the same time the gas produrdien
increased. However, the microorganisms in M needediapt to the change in feed stock, since when th
percentage PS increased, the gas production pitiEdcreased, but once the microorganisms were
adapted to the increased amount of PS, the biagasigtion increased again. The results (FigureeBjrs

to indicate that the co-digestion and the incréadeading rate have a favourable influence onghse
production.

Co-digestion is defined as anaerobic treatmentrofxdure of at least two different organic wastpds.
With the large volumes of sewage sludge (SS) predat wastewater treatment facilities and the large
number of existing anaerobic digesters at theshties to stabilise the sludge, the anaerobic meestion

of KW with PS is especially attractive (Hamzawiadt 1998). The substrate characteristics of KW and
PS are complimentary and therefore co-digestidreiseficial towards the anaerobic digestion treatmen
process and biogas generation. The KW typicallyhigh solid concentrations while PS is low in total
solids (TS), but contributes high microbial concatibns. Moreover, the higher concentration of raacr
and micro nutrients in the sludge will compensate the lack of nutrients in KW contributing to a
mutually beneficial co-digestion system (Rivardakf 1990; Kayhanian and Rich, 1995). While digéste
sludge has a stabilising effect on the digestiacess, PS increases the methane yield. Moreower, th
addition of PS significantly decreases imbalancasndg the start-up of digesters (Demirekler &
Anderson, 1998). The optimal mixture of KW and BSiépendant on the specific waste characteristics
and the process concept used. Several researdisss/ed the best performance with a volume of 25%
KW and 75% sewage sludge, respectively (Diaz efl8B1; Demirekler & Anderson, 1998; Hamzawi et
al., 1998). From the observations made during ¥permental period in the study presented herehwhe



M received 30% KW and 70% sewage sludge (day @Ay0105), the biogas volume was high at > 7 L/d
and even at approximately 8 L/d towards day 98141 respectively.

Co-digestion can also be applied at existing WWTRhout excessive investment costs, thereby
combining the treatment of the two largest munilcipaste streams. There are several advantages to co
digestion, namely an increase in methane yieldravgment of the process stability, combining difar
waste streams, with diverse characteristics inammemon treatment facility and the treatment of darg
waste amounts in centralised large-scale facilif@dsring, 1995; Bozinis et al., 1996; Angelidakidan
Ahring, 1997; Hamzawi et al.,, 1998; Gavala et #B99). There are a great number of anaerobic
digesters at many different WWTP in South Africaegently under-utilised or not in use at all and
considering that South Africa is producing highuraks of organic waste, efforts should be concestrat
on the utilisation of these anaerobic digesterss Would result in less waste to landfill, thussledress

on existing landfill sites, and moreover in the qarction of biogas, to be used as an alternativeggne
source. Furthermore, when the anaerobic digesterde put to use for co-digestion of the main waste
streams, it can be envisaged that it may resulsidtitional jobs for trained operators at WWTP.

5. APPLICATIONSFOR BIOGAS

Biogas can basically be used in all applicatioret thave been developed for natural gas. It has the
advantage that it can be stored relatively easiy #nat it can be used where it has been generated.
Alternatively it can be transported to the site mhit is needed. There are four basic ways of dsog
utilisation — production of heat and steam, eleityrigeneration/co-generation, use as a vehiclednd
(possibly) production of chemicals. The varioudisdtion pathways are illustrated in Figure 6 (addp
from Appels et al. 2008)

Without any treatment such as the removal of sulghiogas can only be used at the place of prooucti

By increasing the energy content of biogas, sucthi@sigh compression, the biogas can be transported
over larger distances in pressure tanks. The endoh and enhancement of the use of biogas can be
achieved after removing the g¢@nd other contaminants. Strachan et al., (2008¢rieed the use of
landfill gas in the Durban area to fuel a microtnebthus generating power, which is added to the
electrical grid. Applying this technology reducdt temission of greenhouse gases (GHG), for which
carbon credits were earned. This technology hasesihen has also been applied to other landfills,
however, this way of using biogas should not adiemd¢andfilling as the best waste treatment option,
since the present-day trend is towards waste nmumaitioin rather than towards waste disposal.
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Figure 6. Biogas utilisation options



5. CONCLUSIONS

The results of the investigation showed that bigmasduction from the digestion of organic kitcheaste

was feasible. It was furthermore shown that aneased loading rate resulted in an increased gas
production rate. Co-digestion of kitchen waste wgittmary sludge seemed to improve the gas productio
rate. When the loading rate increased and whenigastion was practised simultaneously, the biogas
production increased. Since both parameters oatawecurrently, the determining factor for the laisg
increase could not be established. However, costgge of PS and KW has been described as beneficial
for biogas production.

It is anticipated that conventional energy soummesbecoming exhausted and the world is focussing o
renewable energy such as biogas (Kalyuzhnyi, 2088%outh Africa, where energy shortage has been
experienced in early 2008, the municipalities stioobnsider applying the AD technology to the
OFMSW to generate biogas as an alternative enengrics. Moreover, this waste to energy process has
potential for the rural areas of the country, usiaffle manure as a source for biogas, which calace

the burning of wood and paraffin, which are caugiegpiratory heath problems. Waste to energy has
potential for the future as has been shown fromrsearch study as well as from the examples liyoba
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