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The energy crisis due to the depletion of fossil fuels and the negative environmental impacts they produce,
require the search for more environmentally friendly energy sources. The research evaluated the electric energy
obtained from biogas generated by wastewater sludge from a wastewater treatment plant (WWTP). An
anaerobic biodigester was used in the process of obtaining the biogas. The wastewater was evaluated taking
into account the parameters of pH, humidity and percentage of organic matter, data that also allowed
determining the daily load. After 42 days, the biogas concentration was evaluated, reaching concentrations of
57.7 % methane (CHa4), 33 % carbon dioxide (COz) and 10 ppm hydrogen sulphide (H2S), presenting adequate
characteristics to generate electricity using a 1300 W four-stroke generator set, with a 3.0 HP, 3.0 rpm, single
cylinder capacity. The mechanism consists of placing a gas mixer in the carburettor whose function is to mix the
biogas and air in the correct proportions. As a result, a useful energy of 0.100 KW-h was obtained with LED
bulbs of 110 W. A test was also carried out with incandescent bulbs of 100 W where a useful energy of 0.056
KW-h was obtained. It can be established that a yield of 2.421 % was reached in function to the total and useful
energy registered with the LED bulbs. From the above mentioned, it is established that the biogas obtained can
be a non-conventional energy source, under the concept of sustainability.

1. Introduction

The energy crisis due to the depletion of fossil fuels produces negative impacts on the environment, which is
why efficient options for sustainable development are being sought. Being in Latin America where the
consumption of renewable energy is 30 % compared to 5.7 % of OECD countries (Organization for Economic
Cooperation and Development). Likewise, Pelkmans L. (2018) in the publication: IEA Bioenergy Countries
Report - Update 2018, Bioenergy policies and status of implementation, mention that countries such as the
Korean government will expand its share of renewable generation in total electricity production from 7 % to 20
% by 2030. In such sense, it is important to indicate that there is a concern in the management of organic waste
and its application to generate energy, so refers Bucura F., Marin F., Miricioiu M., Saros G., Zaharioiu A. and
Constantinescu M. (2018) in the publication: Energy potential of geothermal gas and sewage sludge biogas. A
laboratory stage investigation: they mention that we should pay more attention to reusable waste, since, it can
be used as an efficient and sustainable energy source. Another potential source of green energy could be gas
from anaerobic digestion as wastewater sludge from urban WWTPs. If for many EU countries such a solution is
no longer a novelty, in Romania, waste management is still in its initial phase. In this context, Peru has not yet
made the appropriate investment and the maximum use of sewage sludge as a potential for biogas production
and its application in pilot plants to generate its own electricity as other EU countries are doing, where they are
already obtaining favourable results with 17,400 biogas plants producing more than 61 TW-h of electricity until
2018.

Paper Received: 25 November 2021; Revised: 22 June 2022; Accepted: 30 September 2022
Please cite this article as: Corsino Cortez C.M., Delgado Pantoja K.L., Castaneda Olivera C., Benites-Alfaro E., 2022, Non-conventional Energy
from Biogas Recovered from Wastewater Sludge, Chemical Engineering Transactions, 96, 73-78 DOI:10.3303/CET2296013



74

2. Methodology
2.1 Sewage sludge acquisition and evaluation

For the analysis, a sample of 500 g was acquired according to the regulations for the reuse of sludge generated
in the WWTP. The parameters of pH, humidity and percentage of organic matter were analyzed to determine
the daily load of the biodigester, see Table 1.

Table 1: Sludge sample parameters

Parameter Value
pH 6.68
Humidity (% in weight) 92.6
Organic material (% in weight) 7.4

2.2 Biodigester load:

The process of anaerobic digestion by microbial communities of sludge was carried out in an IBC tank
biodigester made up of three pipes, one for feeding, another for gas outlet and the last for biol outlet. The loading
process that is used is the semi-continuous system, this consists of the initial load having to be a large amount
of material and while the volume of the gas is reduced, more material is added. In the initial load, the inoculum
of cattle manure was used to optimize the microbial activity, the daily load of sludge with water is carried out
once the methane production has stabilized, taking into account the retention time of 35 days.

The calculations of load, concentration, quantity, inoculum, mixture and daily load of the biodigester are shown
below:

Determination of sludge loading:

Useful volume load -> liquid phase )
Real volume of the biodigester= 1000 L

Useful volume = 80% real volume

Useful volume = 800 L.

Loading concentration:

Quantity of solid matter (SM) = Useful volume * %SM (2)
SM quantity = 800 * 0.05 (considering 5%, Guevara (1996))

Quantity of SM = 40 kg

(SM: solid matter)

Sludge quantity for the biodigester:

Considering SM % of WWTP sludge with a value of 7.4 % (3)
(WWTP: Residual water treatment plant)

Quantity of WWTP sludge= 40 kg * 100%/ 7.4 %.

Quantity of WWTP sludge = 540.54 kg

Inoculum concentration:( According to Palomino (2007), between 10% and 15% of inoculum of the useful
volume of the reactor can be added)

Inoculum = 10% de Useful volume (4)
Inoculum = 800 * 10

Inoculum = 80 kg of fresh cow manure.

Sludge + inoculum mixture

(540.54 kg sludge + 80 kg inoculum + 324 L water) was added for a total of 800 L tank volume of the intermediate
bulk container (IBC), before entering the tank it was homogenized with an industrial mixer to ensure good contact
of the substrate with the microbial activity.

Daily load

For the calculation of the daily load, the retention time is taken into account, where a retention time (TR) of
35 days was considered, the load was made once the methane production is stable, according to Verbero
(1991): Qd * TR =V (5)
V: Volume of the liquid phase biodigester
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If, TR=35 days and V=800 L
In (5): Qd *35 days = 800 L
Then: Qd= 800/35=22.8 L /day Daily loading of sludge-water mixture (L / day).

2.3 Biogas production

The production of biogas depends on the food supplied to the biodigester (Gomez C., Bosco F., Ruggeri B,
2020), the biogas generated was detected by witnessing the bubbling in the relief valve indicating the formation
of gases 28 days after the first load and then measured by means of a gasometer, obtaining a flow of 0.063 m3
per day, as shown in Table 2, projected at 1 month.

See Figure 1 for the bag containing the biogas generated.

Table 2: Biogas production
Time 1h 1 day 2 days 1 Week 1 month
Volume (m?3) 0.015 0.063 0.112-0.223 0.572 2.288

Figure 1: Biogas obtained under anaerobic conditions with sludge

2.4 Conversion of the gasoline engine to biogas

For the conversion, the biogas concentration was evaluated with the Multitec® 540 equipment, which measures
the mixture of gases produced during biological processes. Concentrations of 57.7% methane (CHa), 33%
carbon dioxide (CO2) and 10 ppm of hydrogen sulfides (H2S) were found, thus presenting the appropriate
characteristics to generate electricity. For this, a four-stroke electric generator (gas station), 3.0 HP, single-
cylinder, with a rotation speed of 3000 rpm, maximum output power 1500 watts, with a 25 mm diameter
carburetor was used. The mechanism consists of placing a gas mixer at the carburetor inlet whose function is
to mix the biogas and the air appropriately. To start up the generator set, a little gasoline was used to activate
the spark ignition, to then closed the gasoline tap and opened the biogas tap at an angle of 45°. Figure 2 shows
the converter mixer equipment at the carburetor inlet of a generator set.

Figure 3: LED light bulbs powered by
biogas energy

Figure 2: Mixer (generator biogas
conversion) at the carburetor inlet

2.5 Energy measurement

The energy generated was measured in situ with an ammeter clamp, both voltage and intensity in a time of
3600 s; according to Melegari et all. (2012), the calorific value is calculated according to the chemical
composition of biogas, with 60 % CHa corresponding to a lower calorific value (ICP) of 4229.98 Kcal.kg™' and
density 1.2143 kg.m, in the research the methane CH4 produced was 57.7 %.
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Calculating the calorific value

422998 Kcalkg-l ———————— 60 %  coooveeereeeeeeeennn, (6)
X - 577%

X=4067.831 Kcal.kg""!
Convertion a KJ/ m3

4067.831 Kcal x 1,214 Kg x 4,187 KJ =20676,858 KJ/m?3
Kg m3 Kcal

Total energy
ET=0.720 x 20676.858 x 2.777 x 10-4 Wh*J"'

ET=4.134 KW-h
Useful energy
EU=218x 0.46 x 1
EU=100.28 x 1 KW-h
1000
EU=0.100 KW-h

Yield
R=0.100 KW-h x1 00
4.13 KW-h

R=2.421%

3. Results and discussion

3.1 Composition of gases generated in biogas

(6)

@)

8)

©)

(10)

Figure 2, shows that the highest methane production was 59.0 %, according to the publication of Osinergmin,
(2017) mentions that, for the application of energy from biogas, methane should range between 50 to 70 %,
then what was obtained is locating the concentration within the indicated range. Likewise, according to FAO,
(2011) in its biogas manual indicates that Carbon Dioxide (COz2) ranges from 30 to 45%, whose maximum value
obtained in the laboratory results was 33%, registering a favorable value for biogas production and its application

in the generation of electricity.
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Figure 2: Concentration of methane (CHa4) and carbon dioxide (CO2)
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3.2 Energy produced and used in LED light bulbs
Table 3 presents the power obtained in the generator and the result of the power of LED light bulbs in the time
they remained on until the electric charge generated with a certain amount of biogas was exhausted.

Table 3: Power of Energy produced and use in LED bulbs
electric current

Volume of Voltage to the Power of Maximum
spent biogas protruding from Power (W) light bulbs permanence time of
) generator output .
in generator (m3) generator (V) (A) (W) the light bulbs on (s)
0.18 218.00 0.22 47.96 50.00 900
0.36 218.00 0.30 65.40 70.00 1800
0.54 218.00 0.38 82.84 90.00 2700
0.72 218.00 0.46 100.28 110.00 3600

3.3 Calorific power and performance

As a result, a power of 0.100 KW-h was obtained with 110 W LED light bulbs (Figure 3) and for testing with 100
W incandescent bulbs, a power of 0.056 KW-h was obtained. The performance obtained based on the maximum
value of the test with LED light bulbs for 110 W, taking into account the expenditure of 0.720 m? of biogas volume
to obtain 4.134 Kw-h of total energy with 0.100 Kw-h of useful energy, is found the value of 2.418 % (Table 4);
This value represents a low performance due to the low outlet pressure of the gasholder and probably due to
the design of the mixer, which is still being investigated.

Table 4: Performance in energy production for LED light bulbs

Time Volume Total energy Useful energy Yield
(s) (m?) (KW-h) (KW-h) (%)
900 0.180 1.003 0.011 1.064
1800 0.360 2.067 0.032 1.548
2700 0.540 3.100 0.062 2.000
3600 0.720 4.134 0.100 2.418

Regarding the production of biogas from the sewage sludge of the Ancon District, depending on the temperature,
the first methane indexes were recorded at 28 days with 12.4 % and at 42 days with 57.7 %, with a total volume
of 2 m3 of biogas; a result similar to that achieved by Castro et al. (2020) which was 58 % methane at 60 days.
It must be taken into account in the operation as indicated by Dos Santos S., Morrais S. and Van Handel A.,
(2018), who indicate that the climatic factor and the age of the sludge are the main variables that will serve to
relate the production of biogas considering it efficient for the application in the electric generator.

For the measurement of the electric power, we worked with a parallel circuit of LED bulbs and a generator set
to then place the mixer that fulfilled the function of the homogeneous entry of biogas and oxygen, to generate
electric power that resulted with a power of 0.100 KW, in contrast the research of Llanos M., Quipuzco L. and
Garcia J., (2019) found the effective power applied to a biogas engine was 0.501 KW, presenting higher power
in relation to the present research; this may happen due to the influence of the type of biomass, the pressure
and the type of mixer that was used for the generation of electricity. The energy yield obtained was 2,418 % in
terms of total energy and calculated useful energy (see Table 3). In spite of having obtained a low yield, it was
possible to generate electricity from an ecological renewable fuel such as biogas, being a starting point to
continue with the research in order to improve the yield.

4. Conclusion

The result of this study made it possible to demonstrate that the wastewater sludge from the San Pedro de
Ancon WWTP has sufficient characteristics to be a usable resource to generate electricity. The biogas obtained
presented a methane composition of 57.75 %, enough to convert it to electrical energy, obtaining with an electric
generator motor the level of 100.28 W-h of power using 0.720 m3 and with a useful energy of 0.100 KW-h and
a total energy of 4.13 Kw-h. It was verified after two tests that the power of the electrical energy with 110 W LED
light bulbs registered a power of 100.28 W and for 100 W incandescent light bulbs a power of 56.42 W was
registered demonstrating effectiveness with less loss of energy power to LED light bulbs.
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Therefore, it is feasible to take advantage of energy from WWTP residual sludge, constituting a method and
alternative to continue optimizing for future scaling in obtaining renewable energy to be used for various energy
uses, especially domestic.
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