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ABSTRACT

This work presents a technical, environmental and financial pre-feasibility study for a biogas plant for a cattle farm
based in Pakistan. In the status quo, the farm is using electricity off the national grid and the heating requirement is
fulfilled using gas heaters. A substitute heat and electricity generating biogas plant is proposed in the study, where
biogas production is mainly from the cattle manure, due to its abundance in the farm area. Power generation can be
done using a Biogas Generator of specifications according to biogas generation, which is dependent on the amount of
manure available and waste heat is recovered from the generator to pre-heat the input slurry to the biogas digester.
The financial and environmental study was carried out using RETScreen™. An efficiency of 52% is achievable from
this biogas plant with total revenue of USD 19,356 per annum.
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INTRODUCTION

As the world is moving towards a more enhanced stage with ever growing technological advancements and improving
standards of living, the energy requirement of the world is increasing on a daily basis [1-5]. In the status quo, the power
generation sector mainly relies on fossil fuels, a limited resource which is susceptible to extinction in the near future,
thus the need for renewable energy is becoming significant [6-9]. Over the past couple of centuries, consumption of
fossil fuel has increased exponentially resulting in a rapid increase in depletion rates. According to data retrieved from
Ecotricity UK, depletion of fuels has become rapid and the world is likely to run out of extractable resources by the
year 2085 [10,11]. The depletion of fuels is such that the world will run out of Qil by 2051, out of gas by 2060 and coal
by 2085 [12]. It is due to this reason that a lot of investment is being done in the renewable energy sector in order to
gradually move towards an alternative energy production and decrease the exhaustion of current fossil fuel reserves.
According to ‘Our World in Data’ the investments made in renewable energy, by technology went up to 300 billion US
Dollars in the year 2015 [13].
Energy sector in Pakistan is majorly dominated by oil and gas with up to 80% of production being done using said
fuels. Besides oil and gas, Pakistan is also consuming Liquefied Natural Gas (LNG) and coal. Oil is imported from the
Middle East mainly Saudi Arabia and Gas from Iran [14]. Pakistan currently has a total installed power generation
capacity of 33,836MW, facing a shortfall of about 3000-4000MW and in order to cater to this shortfall without having
to increase import of fuel, the Government of Pakistan has set its goal to achieve 30% renewable energy in its energy
mix by 2030. A lot of effort is being done in order to achieve this goal with hydropower constituting a share of 13% in
the energy mix while other renewable energy sources playing a minor role in the status quo.
Biogas production and potential from cattle manure is an extremely feasible option given the high population of cattle
(including buffalos) and poultry present in the county [15]. Biogas potential in Pakistan according to theoretical
calculations goes up to more than 4000MW, which will definitely help in fighting the energy crisis issue [16].
The energy content present in biomass can be converted into useful form of energy called bioenergy through various
conversion processes. Conversion process selection depends on factors such as type and quantity of biomass feedstock;
desired form of energy and project specific factors [17]. The two main conversion types can be classified as:

e  Thermo-chemical conversion
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e Bio-chemical conversion

Various bioenergy conversion techniques are used to convert energy contained in the biomass to useful energy which
can be used to meet the energy demands of the developing world. Anaerobic digestion (AD) is one of the most effective
processes. Anaerobic digestion is a natural microbiological process in which microorganisms break down organic
matter into useful products [18]. The process occurs in a confined space in the absence of oxygen, where bacteria
breakdown organic matter into smaller chemical compounds which results in the production of biogas.

The process of anaerobic digestion is highly dependent on the process temperature that highly influences the biogas
quality and quantity. The microorganisms performing the process of digestion are categorized according to the process
temperature. Thermophilic bacteria operate in the temperature range between 50-60°C, psychrophiles operate at 12-
24°C, whereas mesophilic bacteria operate between 22-40°C. Methanogenic bacteria are sensitive to temperature
fluctuations of +/-1°C for thermophiles and +/-3°C for mesophiles [19]. These temperatures affect biogas production to
a great extent and the adaptability to the new temperature takes more time.

PROBLEM STATEMENT
The main concern of the cattle farm owners with manure is the problem of storage and management of the waste, as a
very large area is required to stock the manure and that land cannot be used for any other purpose besides storage of
manure. Storage and management of manure only constitutes to an increase in the operational costs of the farm without
providing any benefits to the stakeholders.
Another problem with cattle manure is the production of harmful gases. Manure from animals has been considered a
major contributor to air pollution, releasing a number of harmful gases including ammonia, which can increase disease
risk and health concerns, especially for people who live in the vicinity of a cattle farm [20].
A practical utilization of said manure would for the purposes of power generation, using Anaerobic Digestion techniques.
Anaerobic Digestion provides with a simple solution for the storage, maintenance and safety problems. Moreover, the
process also generates power which caters to the shortfall and can also be used for revenue generating purposes.

RESOURCE ASSESSMENT
A significant amount of biomass is available at the dairy farm in the form of cow manure. Biomass is produced on a daily
basis which has high energy content and is generally sold out at a minimal cost. 6000 Kg/dayCow Manure is available.
The collection of the biomass is easy as it is generally stored in a pit.

TECHNOLOGY AND PROCESS DESCRIPTION
Anaerobic digestion is the process used to produce biomass into useful energy i.e. biogas. The process of digestion
occurs in a confined tank known as the digester in the absence of oxygen. It is a microbiological process where large
number of bacteria breakdown organic matter into smaller chemical compounds which results in the production of
biogas. The design of the digester is based on the operational parameters that are HRT (Hydraulic Retention Time),
biomass availability, moisture content and temperature. Taking into account all these factors we propose a single stage
continuous flow digester. The single stage continuous flow digester is the feasible option because of its small size and
daily energy output and processing of the biomass. The digester will run in the mesophilic temperature range i.e. 25-
45°C, considering the climatic conditions of Karachi. HRT of 40 days is considered taking in account the temperature
condition
Table -1 Parameters considered in production of biogas

Parameter Value

Total Manure Mass 6000 Kg

Solid Content 1801.2 Kg
Moisture Content 4198.8 Kg

For 13% Solid Content

Total Slurry Mass 13855 Kg

Cattle Slurry Characteristics

VS Content [21] 7.5%

Biogas Yield [21] 0.340 m3/Kg of VS
Impurities Percentage 2% of total Volume
Biogas Volume = Total Slurry Mass x VS Content x | 353.30 m3

Biogas Yield

Filtered Biogas Volume 346.234 m3/day

The biogas produced will be used to meet the electricity demand of the dairy farm. A 30 KWe reciprocating engine
generator is proposed to meet the electricity demand of the farm and to heat the bio-digester up to 32°C by using an
exhaust waste heat recovery system to maximize methane yield.

According to the study [22], the heating value depends on the methane yield. Cow dung produce 67.9% methane by
volume giving a heating value of 27.6 MJ/m?
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Fig. 1 General Process layout

As depicted in the figure the total electricity requirement of the farm and the digester plant is 21.9MWh/yr and
241MWhlyr is exported to the grid.

FINANCIAL MODELING AND RESULTS
The following financial assumptions were made
e  Project Lifetime: 15 years
o Debt ratio of 50% with an interest rate of 13.3% and term of 15 years
e Feedin Tariff $ 0.11/KWh
The total initial cost of the plant installation is USD 21,970. Table shows the breakdown of the capital cost.
Table -2 Capital Cost Breakdown

Equipment | Cost ($)
Digester:

Body Material 3,550
Structure Material 970
Insulation Material 450
Installation and labour Charges 970
Slurry Preparation Area:

Material and manufacturing Cost 1,290
Mixing Propeller and Motor 650
Heating System:

Exhaust Gas Heat Exchanger 150
Pump 65
Piping 320
Biogas Generator 5,160
Biogas Scrubber 970
Gas Storage Tank 2,580
Slurry Feed Pump 100
Valves and pipe Fittings 195
Pressure and temperature Sensors 156
Total 17,576
Total with Contingency Factor 1.25 21,970
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The annual operational and maintenance cost of the plant is $ 7,830. The breakdown of the cost is shown in Table 3.
Table -3 Operational and Maintenance Cost
Parameter Cost ($)
Electricity Consumption of AD and Farm | 900
(13,468.5 KWh)

Water Consumption (764,553 Gallons) 3,700
Maintenance Cost 1,345
Labour Cost 1,940
Total 7,830

The revenues of the plant mainly rely on the electricity exported to the grid as per the approved feed in tariff. The heat
and electricity requirements of the farm will be fulfilled without any additional costs/bills and besides the cost savings
from not having to pay for said utilities, the farm will also be able to generate revenue from selling to the national grid
according to the feed in tariff rate set by the Government of Pakistan for Anaerobic Digestion. The annual savings for the
project are calculated to be USD80.31/MWh which corresponds to a total annual saving of USD 19,356. Table 6 shows
the annual O&M costs for the project and the net revenue generated per year.

Table -4 Operational and Management cost of running the plant and net annual cash flow

Parameter | Cost ($)
Annual Costs and debt payments
O&M Costs 7,830
Debt Payments — 15 years 1,722
Total annual costs 9,552
Annual Savings and Revenue
Fuel cost — base case 2,409
Electricity Export Revenue 26,499
Total Annual Savings and Revenue 28,908
Net Yearly Cash Flow 19,356

The annual cash flow has a significant exponential growth after the debt is paid off and the project starts earning revenue
from sale to the national grid with a significant accumulated cash flow of funds at the end of the project amounting up to
USD 1,800,000. The payback period of the project is between 16-18 months. Fig. 2 illustrates the annual cash flow of the
project.
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Fig. 2 Annual Cash Flow

ENVIRONMENTAL IMPACT
Power generation using a biogas generator greatly reduces the dependency on naturally occurring fuels such as coal and
petroleum constituents. This results in a reduce in the overall Green House Gas emission into the environment by a factor
of 88.5 tonnes of CO, per annum which is equivalent to 20 cars not being used per year. This is shown in the data
analysis performed using RETScreen in Fig. 3.
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GHG equivalence
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Fig. 3 GHG Equivalence
Another advantage of using this technique for power generation in terms of environmental impact is the reduction in
unsafe odors and a decrease in the production of harmful gases produced from stagnant cattle manure, thus decreasing
the health and disease risk in the said farm.

SOCIAL IMPACT
In terms of social impact, the project will contribute to the social as well as economic well-being of the farm area in the
form of
Job creation
Revenue generation from the electricity sold to the national grid
Infrastructure improvement
Technological Improvement for the society as a whole
Contribution to Government of Pakistan’s plan of taking increasing the percentage of Renewable Energy up to
30% in the energy mix of the country by the year 2030

CONCLUSION

A pre-feasibility assessment has been conducted for the usage of cattle manure for the production of biogas which can
be further used for meeting the energy needs of the cattle farm based in Karachi, Pakistan. The analysis also shows
promising financial results, with high revenue generation and a surprisingly small payback period. From the social point
of view, the project will have an impact by bringing employment in the local community and also by being a
contributor in the Government’s plan of increasing the percentage of renewable energy in Pakistan’s energy mix by the
year 2030. The analysis also emphasized on the environmental aspect of the project. Installation of a biogas plant adds
value to the cattle manure, which is available in an excess by generating energy from waste and will also contribute in
decreasing the carbon footprint of Pakistan.
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