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Abstract

The main purpose of this study is to design and implement a small-scale bio-
gas digest system, which can provide a certain amount of natural gas (N.G.).
The percentage of methane gases emissions according to the various research
studies is around 25% of the total emission gases of the waste materials. For
all industrialized nations, food waste costs approximately $680 billion/year.
The dramatic increase in population and the waste of organic and non-organic
materials lead to the use of biomass energy as the source of the renewable
energy system to produce a natural gas (N.G.), which can be utilized in cook-
ing or commercialized for the public. The burn out of the waste and the gar-
bage materials causes tremendous pollution and global warming; however,
utilizing the Biogas Digest System (BDS) will stop polluting the surrounding
environment. The amount of natural gases production was measured for var-
ious atmospheric conditions. The important findings of this study are the
amount of N.G., which can be increased by mixing two different types of or-
ganic waste materials.
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1. Introduction

Biogas production from organic waste may play an important part in improving
our environment and economy. Organic waste should not be seen as a source of
environmental pollution that has to be gotten rid of by putting it in landfills or
burned in incinerators, as this could cause other pollution problems.

Organic waste is a material that is biodegradable and comes from either a
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plant (daily foods waste) or an animal (dung). The organic waste is usually bro-
ken down by other organisms (chemical reactions) over time and may be re-
ferred to as wet waste. Most of the time, it is made up of vegetable and fruit de-
bris, paper, bones, and human waste which quickly disintegrate [1]. In many ap-
plications, the natural gas that produced from the Biogas Digest System can be
utilized in either cooking or producing electricity by running a simple Rankine
power plant. Saudi Arabia is one of the five most energy-consuming countries in
the world. The electricity consumption is 24,400 kilowatt-hours a year in the
Kingdom, more than five times the consumption in France and Germany, and
twice as much in Norway, Canada, and the United States [2]. Although we know
that, the weather in the Kingdom is one of the main reasons for the rise in con-
sumption. There are some practices that led to large inflation of consumption,
such as the absence of thermal insulation of 70% of buildings, the absence of use
of energy-saving lamps, leaving the lighting and air conditioning working when
we leave our houses [3]; therefore, the waste materials can be implemented as
another source of electricity/or N.G.

In this study, the researchers proposed a flexible, compact, and durable design
of the Biogas Digest System in order to be utilized to convert the huge amount of
the waste foods or any organics materials to either a natural cooking gas or ferti-
lizing materials. Moreover, the waste material can be converted to commercial
electricity. Biomass in the Kingdom of Saudi Arabia has increased rapidly in a
few years due to the expansion of new industries, as shown in Figure 1. Biomass
energy is a source of renewable energy that can be produced from industries’ raw
materials, household waste, etc. Generally, the large amount of waste is generat-
ed mainly from municipal solid waste, and the estimated total biomass energy
potential in Saudi Arabia is 3.0 (mtoe) (15% of 20.25 Million Ton in Arab Coun-
tries) [4]. Saudi Arabia is ranked the fourth among Arab countries that produced
a huge amount of Biomass energy potential after Morocco, Egypt, and Sudan, as
shown in Figure 1. The mechanism of the Biogas digest system (BDS) is similar
to the digestive system of the human being; the digestive system is called the ga-
strointestinal tract/or the GI tract. All the organic materials are converted to
energy in a body after the chemical reaction is completed. Each part of your di-
gestive system works to move food and liquid through your GI tract, break food
and liquid into smaller parts, or both. Once foods are broken into small enough
parts, your body can absorb and move the nutrients to where they are needed.
Your large intestine absorbs water, and the waste products of digestion become
stool. Nerves and hormones help control the digestive process, as shown in Fig-
ure 2.

Biogas is generated by microscopic organisms by transforming bio-degradation
of natural materials under anaerobic conditions which is the chemical process
with the absence of oxygen. Biogas plants have increased rapidly in Europe be-
tween 2009 and 2015. They produced approximately 6000 to nearly 17,000 MW
[5]. Biogas production is mainly three stages biochemical process: Hydrolysis,

Acidogenesis/acetogenesis, and Methanogenesis, as shown in Table 1 [6].
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Table 1. Biochemical process.

Name of the Biochemical Process Chemical Formula
Hydroulysis (CsH1005)n + nH20 - n(CH120¢)
Acetogenesis or Acidogenesis n(CsH1206) > nCH;COOH
Methanogenesis nCH;COOH - nCHs4 + CO2

. \Jordan
Syria 5%
7% Morocco
Algyeria 25%

10%

Figure 1. Biomass energy potential in 7 Arab countries.
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Figure 2. Digestive system in a human body.

DOI: 10.4236/epe.2022.143008 158 Energy and Power Engineering


https://doi.org/10.4236/epe.2022.143008

S. J. Almalowi, F. A. Jobran

Biogas (it consists of CH,4 and CO,) can be transferred to bio-methane in two
steps: 1) A cleaning process to remove the trace components (water vapor, hy-
drogen, sulfide, siloxanes, hydrocarbons, amonia, and 2) an upgrading process
to adjust the calorific value [7]. Figure 5 shows the amount of waste materials in
the Hajj for four years. The amount of waste materials in KSA is around 16
MT/year (50% is organic materials, 15% is plastic materials, and 35% is solid
waste materials) [1].

The design and manufacturing of biodigesters usually need skilled expertise,
making installation expensive and time-consuming, especially for rural areas [8] [9]
[10] [11]. In the meanwhile, many plants in the world built by the government are
using crude oil, which causes a lot of pollution and a rise in global temperature [12]
[13] [14]. Therefore, producing natural gas from the biomaterial using a biogas di-
gest system could be an alternative solution for reducing global warming [15].

The anaerobic digesting process is a process of converting an organic material
with the absence of oxygen, as shown in Figure 3. An anaerobic organism is any
organism that does not require oxygen for growth [16]. The numerical/CFD in-
vestigation had been studied for a small-scale biogas digest system [17].

The foods, bottles, woods, and others waster are biomass potential energy. Also,
the biomass potential energy can be wasted from farming (like wheat stalks) or
horticulture (yard waste), food processing (like corn cobs), animal farming (ma-
nure), or human waste from sewage plants. The biogas reduces the huge amount of
greenhouse gases emission to the environment; the environmental performance in-
dicator of KSA (EPI) in 2018 is 86out of 180, as shown in Table 2. Figure 4 shows
the Hajj waster materials in Kingdom of Saudi Arabia for 5 days of Hajj period.

2. Methodology and Experimental Setup

The design, as shown in Figure 5, consists of two main tanks: the digestive tank

Table 2. Environmental performance index [8].

EPI Ranking [8] EPI EH Ecosystem Vitality
86 57.47 72.81 47.25

EPI: Environmental Performance Index; EH: Environmental Health. The score of EPI
means: 0 is the worst and 100 is the best.

il

Organic
. M[jtinzlst |f‘> Sugar, Amino Acids,' F atty' acids—H,, CO,, E> Residual Solids
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etc)
Figure 3. Anaerobic digester.
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Figure 4. Hajj’s waste (organics and non-organics waste) for 5 days only (period of Hajj).
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Figure 5. Biogas and bio-methane digest system.

(cylinder) and the storage tank (cylinder). The dimension of the Biogas Digest
System (BDS) is based on the required biomass energy. The two tanks are con-
nected by the main biogas stream line. The coal filter is placed on the main
stream line to remove the bad smile of the biogas. Three-gauge pressure meter
are placed on each cylinder in order to measure the gas pressure inside each

tank. The organic materials mix with a little water inside the waste tank; the or-
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ganic materials in the waste tank are compressed using a compression piston in
order to release and produce more gases. After gases are released, the remaining
waste materials can be used as a fertilizing material. During this process of gas
production, the main stream line valve has to be opened. The valve underneath
the waste tank is used to remove the reaming organics materials after the de-
composition process; so, the fertilizing materials will be drawn from the bottom
of the waste tank easily. The waste tank is an un-insulated tank which can absorb

more heat from the surrounding.

3. Results and Discussions

As known, the calorific value of methane = 55 x 0.668 = 36.74 MJ/m?. Methane
being the only major source of heat, calorific value of biogas = 0.6x 36.74 MJ/m’
= 22.044 MJ/m’. The prototype Biogas Digest System of 1 m? capacity produces
0.7 m? of gas per day. Net energy in 0.7 m*® of biogas = 0.7 x 22 M]J. Net energy in
0.7 m’ of biogas = 15.4 M]. Consequently, the energy provided per two weeks is
=15.4 x 14 = 215.6 MJ. The designed digestive tank was fabricated to have a 1-m’
capacity of dung, which produces around 215.6 MJ. Our suggested design can be
scaled up, as shown in Figure 5. The digester tank and storage gas cylinder are
the main important parts of this system. The coal filter was fitted on the main
N.G. line to clean the N.G. gas from a bad smell. The compressor was placed af-
ter the filter to compress the N.G. and push it inside the storage gas.

The investigators designed a small-scale mechanical Biogas and Bio-Methane
Digest System. The distinct cases had been investigated, which were taken at the
ambient temperature range of 22°C to 30°C and influent temperature range of
32°C to 39°C within a retention period of 13 weeks. The daily biogas production
was graphically presented in Figure 6. Case (1): A 60 kg of wet dung was mixed
uniformly in batches of 10 kg in 10 liters of water to create a consistent mixture.
Case (2): the foods (fruit/vegetables, Rice, and Bread) were studied separately
with the same quantity of wet dung. The results were measured and calculated,
as shown in Table 3, for 13 weeks. The calculations were taken based on the
ideal gas equation at NTP as well as at various temperatures, as shown in Figure
6. The surrounding temperature has a crucial effect on the materials inside the
storage tank and helps the bacteria to decompose the materials quickly, as shown
in Figure 7. Consequently, the amount of gas production was increasing if the
organic materials decomposed completely. Also, it was directly proportional
with the increase of the average temperature, as shown in Figure 8.

Figure 9 shows the Accu weather temperature distributions were taken for
four months in Almadinah Almunwwarah, KSA from the 1*! of June to the 30®
of September, 2020. The temperature has a strong effect on the decomposition of
the organic materials inside the biogas digest system. The organic materials and
non-organic materials can be recycled and reproduced as natural gas for cooking
or fertilizing materials for farms. The small-scale biogas digest system in this

study might be used at home.
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Figure 6. The pressure of gases inside the digester cylinder.
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Figure 7. The amount of producing gas for dungs and foods.
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Figure 8. The amount of producing gas for dung and foods at surrounding temperature T
=30°C-35°Cand T=35"C-40°C.
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Table 3. Measured and calculated experimental data (from 1st of June to 1st week of
September, 2020): Location: Almadinah Amunwwarah, KSA).

Weeks No. P (Foods) kPa P (Dung) kPa v (Foods) m*/kg v (Dung) m’/kg

1 107.8 110 0.042792348 0.043666
2 110.5 112.5 0.043864141 0.044658
3 110.9 114.3 0.044022925 0.045373
4 113.6 115.1 0.045094719 0.04569
5 113.98 116.23 0.045245564 0.046139
6 114.89 117.23 0.045606798 0.046536
7 116.78 121.5 0.046357053 0.048231
8 118.9 123.08 0.04719861 0.048858
9 121.5 128.99 0.048230707 0.051204
10 122.6 131.08 0.048667364 0.052034
11 122.9 139.2 0.048786452 0.055257
12 123.1 142.98 0.048865844 0.056757
13 126.7 146.23 0.050294902 0.058048

« Avg.Hi = Avg.Lo = Actual Hi = Actual Lo Forecast Hi + Forecast Lo ~ Avg. Hi = Avg.Lo = Actual Hi = Actual Lo Forecast Hi ~ Forecast Lo

= Avg.Hi = Avg.Lo = Actual Hi = Actual Lo Forecast Hi + Forecast Lo ~ Avg.Hi = Avg.Lo = Actual Hi = Actual Lo Forecast Hi ~ Forecast Lo

Figure 9. Temperature profile from 1% of June to 30" of September, 2020 at Almadinah Almunwwarah.

4, Conclusions

In this study, the new biogas and Bio-Methane Digest System (BDS) was de-
signed. The two cases were investigated for dung and food waste. The study
found that the wet dung produces a large amount of N.G. than the food waste
placed in the same surrounding conditions. With a large-scale digest system, the
amount of biogas production will be more and it can be utilized for commercial
purposes. The large amount of N.G. at the average surrounding temperature T,

= 38°C of organics waste/or biomaterials will produce a huge amount of N.G.
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(260% of CHj of the total waste materials gases).

The study noticed that dung or food waste are a good substitute for L.P.G, and
the methane gases production might be used on a commercial basis, which is sa-
fer and keeps the environment clean. There is more than 60K tons of garbage
burned every year, which causes tremendous pollution in one city in KSA, as an
example. Also, the study found that mixing more than one type of food together
produced more natural gases because the mixing materials decomposed quickly.
The type of organic materials and the surrounding temperature play a significant

effect on producing biomass energy.
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