ASSESSING THE VIABILITY OF

The ever-larger workforce at Petroleum Development Oman (PDO) is increasing waste generation and
putting pressure on existing landfill facilities, as it is in other places and for other companies. However,
a large proportion of this waste is biodegradable food waste that could be transformed into biogas.
Food waste is a major constituent of municipal solid wastes and its accumulation or disposal in landfills
is problematic and causing environmental issues. An experimental and theoretical techno-economic
study has investigated the potential for biogas production from different types of food waste generated
at PDO and using it to replace liquefied petroleum gas (LPG) for cooking purposes. If the results of this
work are implemented, they will add value to the renewable energy and solid waste management

sectors and benefit PDO.

Having a biogas plant at an industrial facility is a
good idea from the environmental, energy and
knowledge viewpoints:
In addition to the possibility of generating
revenue, implementing a biogas facility will
divert waste from landfill and thus help to
minimise its environmental impact and any
soil contamination.
Biogas can be used continuously to produce
clean energy and thus can be a stable, reliable,
on-demand source of energy; it generates no net
carbon dioxide because the microorganisms

convert and use the carbon dioxide as they grow.

Setting up a biogas plant at an industrial
facility will improve workers” knowledge of
waste management. The creation of a
knowledgeable workforce will facilitate the
design and application of new sustainable
ideas within industry.

Such a project will also help in meeting three
of the United Nations Sustainable Development
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Goals: affordable and clean energy; life on land;
and climate action.

A biogas plant would help PDO in fulfilling its
environmental obligations by reducing its fossil-fuel
energy consumption while helping to meet
increasing energy demand and enhancing its waste
management strategy. In addition, PDO's reputation
in society and industry will improve and new industry
and job opportunities will be created in Oman.

High population growth and uncontrolled
urbanisation are creating critical problems with
solid waste disposal. Food waste is usually a major
portion of any municipal solid waste that is
commonly disposed of in landfills. However,
landfilling is expensive, requires space and can
have negative environmental impacts if not well
managed owing to the production of leachate,
methane and carbon dioxide, and nuisances such
as flies, odours and vermin. Leachate can pollute
underground water and soil, and release methane,
a potent greenhouse gas with a short-term global
warming potential.

Using food waste as a source for producing
sustainable fuels would complete the full cycle of this
waste stream sustainably and, thus, directly support
and facilitate the concept of the circular economy in
the form of open-loop recycling. One promising way
of dealing with such waste streams is by processing
them through anaerobic digestion to produce biogas.

Anaerobic digestion is a series of processes in
which microorganisms break down biodegradable
material in the absence of oxygen to manage
waste and/or to release energy. Biogas is mainly
methane and carbon dioxide, with traces of gases
such as hydrogen sulphide, ammonia and water
vapour. It has a variety of uses.

PDO'’s statistics on the amount of food waste
produced by its different clusters show that the
company generates about 7 t each month



Cluster Monthly averageraw  Monthly cooked Wastage Monthly
materials issued (kg) food waste (kg) rate (%) workforce
Fahud 57874 1133 2.0 16,935
Lekhwair 27408 557 2.0 7,318
North
Yibal 20,910 540 2.6 5,363
Qarn Alam 44,246 1,032 2.3 12,856
Marmul 37,511 501 1.3 10,890
Nimr 28,052 703 2.5 8,677
South Bahja 16,916 509 3.0 4,351
Harweel 21,826 610 2.8 5,897
Amal 23,969 593 2.5 6,960
Kauther 10,345 334 3.2 2,437
Central
Saih Rawl 14,142 443 3.1 3,646 TABLE 1
Total 303,199 6,955 2.3 85,330 "hOteod

(Table 1). Fahud is one of the largest PDO clusters.
It has a monthly workforce of about 17,000 and
produces the highest volume of food waste.

The current disposal method for food waste at
Fahud is dumping it in an open trench. However,
some of the negative impacts are of this clearly
noticeable during a site visit: bad odours, visible
rubbish and birds and flies scavenging for food.

Consequently, a technical and commercial
evaluation was conducted to investigate the
potential for biogas production from the different

types of food waste produced at Fahud camp [Ref 1].

Methodology

Various leftover food waste samples were collected
from the camp, including two types of mixed food
(fruit and vegetables), bread, potato peel, meat,
rice, dates, beans, leafy vegetables and fish

(Figure 1). Then an anaerobic digestion experiment

was performed at Sultan Qaboos University, Oman.

First, the dry matter and the nutrient composition in
each food waste sample were measured. Then the

waste analysis.

in-vitro true digestibility gas production was
investigated to calculate the amount of gas
produced from each sample. Finally, a techno-
economic study on biogas production from food
waste was undertaken.

Calibrated 100-ml glass syringes were used to
measure the gas produced by fermentation over
21 d. The syringes contained 200 mg of feed and
about 30 ml of rumen liquor and artificial saliva
mixture. The plunger was used to slowly push all
the excess air out of the syringe. Then the nozzle
was sealed with a clip and the syringes were
placed in a water bath at 39°C (Figure 2).
Readings of the plunger levels were taken at O, 3,

6,12,18 and 24 h, and then daily for 21 d.

The methane concentration in the headspace gas
produced was measured using gas chromatography.

Test results

Characterisation results FIGURE 1
The water content in food waste varies widely Food waste
depending on the food source and, insome ~ »»»  samples.
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FIGURE 2

An anaerobic
digester used in
the study.

TABLE 2

Proximate and dry
matter analysis.

cases, can be 75%. Therefore, measuring the
moisture content of each food waste sample was
crucial when calculating the total quantities of
biogas produced and the nutrient content of
each sample.

To establish a relationship between biogas
production performance and biochemical
components, proximate analysis (quantitative
analysis of the macromolecules) was performed on
the samples on a dry basis and in duplicate for

data reproducibility. Table 2 shows the dry matter
content and proximate analysis results for the
samples studied.

Biogas production

Figure 3 shows the main outcomes of the tests.
The biogas formation rate increased with a higher
carbohydrate content and a lower fat content in
the samples, i.e., dates produced the most gas.
The sample with the highest fat content, fish
waste, had the lowest potential for biogas
production because the complexity of the fat
compounds required a longer residence time for
degradation and biogas formation.

The sample with the highest protein content, the
meat sample, also had a low potential for biogas
production because the ammonia released during
the degradation of protein increases the pH in the
system and thus decreases the biodegradation rate
by inhibiting the microorganisms.

In summary, for a better biogas production rate,
high carbohydrate and low fat and protein
contents are required. Thus, the samples of dates,
rice waste, beans and mixed food waste possessed
the greatest potential for high biogas production.

The biogas production along with its methane
concentration over 21 d is shown in Figure 4 for
selected waste samples: dates, rice, beans and
mixed food. Overall, for each sample, there was

a daily increase in the accumulated produced
biogas. At Day 21, the highest gas production was
from the rice and mixed food waste samples at
1,600 and 1,550 ml/g of dry matter respectively.

The profiles show fluctuations in the methane
concentration for all samples because of the:

Sample Crudf fibre Aosh Nitroogen Cru.deo F::t Carbo!:lydrate Dry Tutter
(%) (%) (%) protein (%) (%) (%) (%)
Mixed food 1 1.45 2.18 1.97 12.33 1.13 10.41 27.5
5;‘3;:’;@"65 1.62 1.72 0.42 2.65 0.30 13.33 19.6
Bread 0.65 1.03 1.85 11.30 9.07 5515 772
Potato peel 1.49 1.62 1.62 10.13 2.81 10.05 26.1
Mixed food 2 1.62 1.35 0.92 5.78 2.07 14.68 25.5
Meat 0.23 1.14 6.04 37.74 0.51 3.48 43.1
Rice 0.28 0.74 1.64 10.27 0.23 26.28 37.8
Dates 2.08 1.43 0.36 2.26 0.16 75.77 8.7
Beans 2.49 1.63 1.86 11.62 0.59 23.07 39.4
Leafy vegetables 4.51 516 1.65 10.30 0.83 14.70 355
Fish 0.20 6.35 2.87 1792 4.08 3.15 3.7
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u large fluctuations in the population levels of
methanogenic bacteria as volatile fatty acids
accumulated and were subsequently consumed;

u different digestion processes taking place during
the incubation period that resulted in pH
changes: microorganism growth throughout
anaerobic digestion is influenced by variations in
pH, as each bacteria type has a specific pH
range for activity;

m temperature fluctuations in the digester affecting
the type and population of the microorganisms:
temperature changes inside the incubator were
caused by the external conditions and microbial
activity; and

m nutrient content (i.e., composition) of the
feedstock affecting the amount and dynamics of
the biogas produced.

Economic evaluation and conclusion

A study was then performed to evaluate the
economic feasibility of installing an anaerobic
digester unit to process the food waste Fahud
camp produces. The idea was to replace LPG
used as fuel for cooking with biogas to achieve
cost savings. It is important to note that
processing food waste in a larger-scale plant
would reduce the overall cost through economies
of scale. This could be achieved by centralised
food waste collection and processing. The
estimated biogas production rate used was based
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FIGURE 3

The total biogas
production rate.

on the value determined from the anaerobic
digestion experiment.

The economic analysis used a discounted cash flow
approach whereby projected future cash flows are
discounted at a rate that represents the cost of
capital. The analysis included identifying the
discounted payback period (DPP) and the net
present value (NPV):

1"( 1—(Ia=lr/CF) )
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N
CF; [Eq 2]
NPV =—1+3 —— q

— (147

where I = initial investment; r = discount rate; and
CF = cash flow.

Most of the LPG prices investigated [Ref 1]
indicated that value would be created through an
anaerobic digestion project at Fahud camp, as
they all had a positive NPV, although the payback
periods varied. For the project to break even, i.e.,
an NPV of O, an LPG price of about $0.29/m?
would be required. Any investment in a Fahud
biogas production plant should be carefully
considered using current and anticipated LPG
prices. The annual cash flows used in the analysis
were based on LPG savings only. Incorporating
any waste management fee savings would
increase the total savings.

Furthermore, the potential amount of biogas could
replace about 28.6% of the LPG Fahud camp
currently uses for cooking purposes. However,

a life-cycle assessment should be carried out

to evaluate and ensure the environmental
sustainability of such a process, as there are also
drawbacks associated with biogas production,
including possible greenhouse gas emissions due
to ineffective handling within the process. It is
worth noting that food waste could be used for
producing value-added chemicals such as
carboxylic acids, which might be a better value
proposition. However, an additional benefit from
anaerobic digestion is the process’s residue. This is

REFERENCE

rich in nutrients and has value as a soil fertiliser for
agricultural purposes.

All the types of food waste used in this study
showed the potential for biogas production
through anaerobic digestion. However, the
amount of biogas produced and its methane
concentration depended on the nature of the food
waste sample.

Recommendations

Although aerobic digestion is a promising
technology for producing renewable energy in the
form of biogas for purposes such as cooking, it is
recommended that an economic evaluation for
this option be undertaken.

Before processing food waste in an anaerobic
digester, pretreatment options such as sorting,
drying and heating to enhance the performance
of the digestion process should be evaluated.

In addition, the anaerobic digestion should be run
under conditions suitable for methanogenesis to
increase the methane concentration in the
produced biogas.
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