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Abstract. The Rio Formoso sewage treatment plant is locatdtie outskirts of the Rio Formoso town, in thetestof
Pernambuco, northeastern Brazil. The sewage treatrplant consists of three UASB reactors thattttba sewage
generated by 16,000 people. The average inwardoamgard BOD were 151.4 and 44.4 mg/L, while, agermward
and outward COD were 366.25 and 93.57 mg/L, fromuday to August 2010. The potential of electrigjgneration
using biogas in the Rio Formoso sewage treatmeritpas determined using the biogas physical chendiata and
the methodology developed by Chernicharo, whicimests the biogas production in sewage plants base€€OD
reduction. Using this methodology, the estimatethame production was 244.53 per day. The three UASB'’s biogas
were sampled in all the UASB reactors and analymdg a biogas analyzer GEM-2000. The average meticantent
in the biogas produced was 40.85% methane (v/\. [Btver heating value of this biogas was 13.8 MJience,
using a 22% efficient IC engine-electricity generatlevice, the potential electricity that can bengeated in the
sewage treatment plant is 8.5 kW, enough to suggfy of the plant electricity needs. However, if shedge level in
the UASB reactors is optimized, the biogas metltanéent would be 73% and 11,065 kWh/moth couldrbéuyzced at
the RF-STP using biogas engines. This amount afgneould turn the RF-STP self-sustained energhyica

Keywords: biogas, electricity production, sewage plant, UASBaerobic digestion

1. INTRODUCTION

This work describes the potential use of the biogmserated in the COMPESA Sewage Treatment Plar®)(S

located in Rio Formoso (Pernambuco- Brazil) to oedthe operational costs to run the STP and itsniiguse gases
(GHG) emissions. Hence, it was necessary to saamuenalyze the effluent gases coming out the $iR@calculate
the biogas flowrate, in order to enable a fairmeation of the potential of electricity productio@OMPESA is a state
government company responsible for the water sugptiy sewage collection and treatment in the staRemambuco
— Brazil.
This is the first work which estimates the potdnti& biogas and electricity production in a STPthe state of
Pernambuco. This is the first step for the creatiba databank containing the biogas and elegtrfmibduction of all
STPs located in the state of Pernambuco. The agtytiof this work may put COMPESA in the frontlioé the green
technology development, using a harmful effluentgenerate electricity to reduce its operationaltca@nd the
environmental impact caused by the STPs.

2. RIO FORMOSO SEWAGE TREATMENT PLANT

The Rio Formoso Sewage Treatment Plant (RF-STRca&ted 80 km south of Recife (Pernambuco’s capital
incoming affluent flowrate is approximately 40 (81298 MGD), which benefits a population of 16.00Babitants.

2.1 Rio Formoso STP Characteristics

The RF-STP treats sewage through anaerobic digesyistem followed by a polishing lagoon. The tresitrplant
consists of three UASB (Up-flow Anaerobic Sludgartet) units. According to the data provided by CREBBA (The
Pernambuco’s Water and Sewage Company), it hasdeulic retention time of 6.75 h and it is desigrfed a
maximum flowrate of 40 liter per second, upstreagtosity of 0.66 m/h and a sedimentation rate 0D2%/m’ per
day. The RF-STP dimensions are given on Tabled tftee RF-STP is shown in Figure 1.

Table 1: STP ie Rormoso Dimensions

Length Width Height
12.00 m 6.00 m 45m
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FigureThe Rio Formoso sewage treatment plant

2.2 Rio Formoso STP Operational Data

COMPESA also provided the RF-STP operational datan fJanuary 25 to August 25, 2010. These data there
temperature, pH, biological oxygen demand (BODgmoital oxygen demand (COD), total solids (TS), dixsolids
(FS), volatile solids (VS) and phosphorus contarthe UASB incoming sewage and the treated UASBrexeffluent.
The data was averaged over a seven months perlult the energy demand was averaged over the wede of
2010. These averaged data are shown on Table 2.

Table 2: RF-STP Data

Data Measured Width
Sewage Flowrate 40 Lis
Temperature 29°C (302 K)
pH 7.11
BODincomine 151.40 mg/L
BODeyitine 44.40 mg/L
BOD removed 107 mg/lL
CODincomine 366.25 mg/L
CODeyiting 93.50 mg/L
COD removed 272.75 mg/L
Phosphorous 1.5 mg/L
Energy demand 7,007 kWh

Even though the averaged energy used mowntasy7,007 kWh, as shown on Tab. 2, during thisogethere were
three months that had peak loads varying from 8t62171,031kWh.

3. BIOGAS PRODUCTION CALCULATIONS

This section describes the method used to analyticampute the amount of gas produced in RF-STH hethod
was suggested by Chernicharo (1997). The Cherrathanethod is widely used in Brazil to estimate thethane
production in sewage treatments plants.

The Chernicharo’s method uses the following formutend coefficients to estimate the amount of methan
produced:

CODcs=Q . [(8—S) - Yobs- )] 1)

CODchy is the portion of COD used to produce methansg , gakg/day

Q is the incoming sewage flow rate to the UASB tegdn ni/h (40 L/s =3,456 ridia)

S is the incoming BOD, in kg/L

S is the exit BOD, in kg/L

Y obsiS the solids production coefficient in kg of C@er day

Yops=0.21
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KO =(PxK)(R.T) (2)
K(t) is the amount of COD necessary to produce’ bimethane , in kg of COD/n

P is the ambient pressure, in atmosphere (atm)

K is a conversion factor used to convert COD inesol

K = 64g COD/mol (given by Chernicharo)

R is the Universal Gas constant, in atm.L/(mol&nce

R =0.08206 atm.L/(mol.K)

T is the sewage temperature in the UASB reactdf, in

T =29°C (302 K)

The estimated methane production per day,gds given by,

Qcre = CODI/K(Y) , in mr/day 3)
Q.4 is the estimated methane production fitday

CODQxn4 is the amount of COD that was converted to methankg/day

K(t) is the conversion factor solid to gas

Hence, using the data provided, the values foDgQ, K(t) and @Qu4 Were calculated as follow:
CODch4 = 3,456. [(0.36625 — 0.0935) — (0.21* 0.36625)]
CODch4 = 1482.62 kg of COD/day

K(t) = (1 atm . 64 g of COD/mol)/(0,08286n.L/mol.K . 302K)
K(t) = 676,814 kg of COD/fh

Qcra = CODca/K()
Qcna = (676.814 kgCOD/dia)/ 2.583 kg CODIm
Qcha = 262 niCH, /day

However, Souza (2010) suggest that about 30% ainithane production cannot be used, as methanectsadged
dissolved in the UASB exiting sewage. Hence, titial amount of methane that can be used is

Tr::%s, according to Chernicharo’s method the estichdhily methane production in the RF-STP is 188°4i.e.,
7.64 mi/h.

Also, Chernicharo’s estimates 75 % methane contettASB produced biogas. Hence, the amount of ksoga
estimated to be produced in the RF-STP is 244 38ay (10.19 fiday). Hence, this value of biogas production was
estimated to be produced in the RF-STP.

4,0 THE DETERMINATION OF METHANE CONTENT IN THE RF-STP BIOGAS
In order to determine the methane in the biogadymred in the RF-STP, it was used a biogas analflzeGEM-

2000, manufactured by Geotechnical Instruments. G 2000 analyzer available at POLICOM is capafie
simultaneously measure the percentage of, Q, , H,S and Q present in the biogas (Figure 1).

5 ; 0
Figure 2. Gem 2000 — Biogas Analyzer

The biogas produced in all three reactors at RF-@&€&Fe collected and analyzed using the GEM-2000. |
order to verify how the sludge discharge affects ltfogas production, GEM-2000 was used to analyzebiogas in
each UASB reactor before the sludge was removedtwachours after the discharge. Figures 3 andustilhte the
sewage discharge points and the sludge sand dogidigrespectively.
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‘Figure 4 - Sludge sand drying bed

In order to determine the biogas composition inRReSTP UASB reactors, several measurements wetle,ma
before the sludge’s discharge and two hours afteyse measurements were made to have an estinadtiba biogas
methane content variation in all three reactorsl, am verify the effect of the UASB sludge content methane. The
averaged results are shown on Tab. 3.

Table 3. RF-STP Biogas composition

RF-STP
UASB-1 UASB-2 UASB-3 Average

Gases BD AD BD AD BD AD Content
CH4 (%) | 322 | 136 | 53.4 | 205 | 40.2 11 40.85
CO2 (%) | 4.9 1.8 69 | 2.8 5.1 1.4 5.2
02 (%) 102 | 171 | 65 | 153 | 109 | 18.3 13.05
N, (%) 477 | 675 | 332 | 614 | 438 | 693 43.45
H,S ppm 16 8 0 4 142 3 28.7
BD — before sludge discharge ABfter sludge discharge

As observed on Tab. 3, there were variations orbtbgas composition produced in all three reactoe$ore and
after the sludge discharge to the sand drying Absb, Tab. 3 shows that after the sludge was digglththe amount of
methane content in the biogas reduced significaktnce the amount (or level) of sludge in the UASBctor affects
the methane content and biogas production. Theageemethane content for the whole RF-STP was 40,3%#6
biogas’methane content is way below the ones regdsy Chernicharo (1997) and Souza (2010), 75% 7%
respectively. However, a 73% methane content wesradd in one of the measurements in UASB-3.

4. THE POTENTIAL OF ELECTRICITY PRODUCTION IN THE RF-STP

The electricity production potential was calculateéd the RF-STP, using a biogas production of
244.53 niday (10.19 rith), by the Chernicharo’s method, and the averagfaane content of 40.85% obtained in the
field’s experiments. Richmond Valley Power Statieport that the high and low heating values (HHM &mV) of
methane are 33.7 MJ7rand 37.1 MJ/r) respectively. Hence, the biogas produced at fR&RP has a HHV and LHV
of 13.8 and 15.2 MJ/m

Thus, the energy that can be obtained daily usiegRF-STP biogas is 3,375 MJ. Hence, if the bidgased
as a fuel in an Otto-cycle engine generator, whiaf approximately 22% efficiency (Ravikrishna &Ml.Chanakya),
the electrical power capacity would be 8.6 kW, @éndould generate 6.192 kWh per month. On the otteard, the
biogas methane content could be optimized to 73¥@bdained in UASB-3, by adjusting the sludge lauedll three
UASB reactors. In this way, the amount of poweregated in the RF-STP could be augmented. Thuspadmer
produced, when using the highest 73% biogas metbamtent, would be 15.37 kW, which could producg&® kWh
monthly.
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As the average power demand to operate the RF-STRO07 kWh and its maximum demand is 11,031 kWh, i
would be possible to supply 88.4% of the energnagisi 40.85% methane biogas content. If the sludgel lis
optimized the amount of energy supplied would baugh to enable the RF-STP to be energetically susike.

5. CONCLUSIONS

The results on the use of the biogas produced adyse electricity in the RF-STP were very promigsiiihe
estimated biogas production of 244.5%day with 40,85% methane content, has the capatipyoduced 88% of the
energy needed to operate the sewage plant. Howieveas also noticed that the level of sludge ia tWASB reactors
influences the biogas methane content. The highetftane content measured was 73%. If an adjustofieghe UASB
sludge level is done, it would enable the biogabaee 73% methane content. Hence, the 73% methagasbwould
be able to produce 11,031 kWh a month, which tuhes RF-STP energetically self-sustained. Also, ihigher
efficiency Otto-cycle motor-generator is used, pbever produced could be augmented.

Analyzing of data provided, it will be wise to irstein a power plant at the RF-STP to enable it ¢oshlf-
sustainable energetically.

6. ACKNOWLEDGEMENTS
The authors would like to thank the COMPESA's Taxthgical Innovation Group for all the support given
7. REFERENCES

Bonifacio, S.N., 2009. “O que fazer com o Biogasudes ETE? — A casa do fogo sagrado”, artigo XI-14Tais do
24° Congresso Brasileiro de Engenharia Sanitéialeiental (ABES), Belo Horizonte-MG.

Chernicharo, C.A.L., Reatores anaerobios, pagiB#sib5, UFMG, ISBN: 85-7041-130-8, 1997.

COMPESA, 2010. “Controle Mensal das ETE’s da Geséte Operacdes Metropolitana. CTF: Laboratori&sigoto”
Cabangd”, Recife - PE.

COPASA - Potencial Energético das Estacdes de mMeati de Esgoto”

<www.ahk.org.br/upload_arg/1Apresentac&OPASA maio 2010 vs.pdf. 07 Dec, 2010.

Costa, D.F., 2006. “Geracao de Energia Elétricaréirmlo Biogas do Tratamento de Esgoto”, Disgéidade Mestrado
— EP/FEA/IEE/IF-USP.

Metgasco Richmond Valley Power Station Report —eéxafix 1., 1 mar 2011,

<http//: www.planning.nsw.gov.au/asp/pdf/06_021psrwgp_ea_appendixi.pdf

Ravikrishna, R.V. and Chanakya, H.N., “Technologyalopment of efficient biogas gensets (1-2 kwpdian
Institute of Science, Bangalore <http://www.mnre.go'tenders/current/summarybiogasengine.pdf>

Souza, C.L., 2010. Estudo das rotas de formacao, transporte e condomgases metano e sulfeto de hidrogénio
resultantes do tratamento de esgoto doméstico &iores UASB”, Doctorate Thesis, UFMG, Belo HorizsritG.

8. RESPONSIBILITY NOTICE

The authors are the only responsible for the @dmbaterial included in this paper.



