


4th Year Group Project Proposal

By
Rhys Miller, Liam Thomas, Feran Kanda, James Neucker




Supervisor: Dr. Ala-Al Hussany


Second Marker: Mr. Andrew Thorne








Project Proposal submitted as part of the requirements for the award of MEng (Hons) Applied Environmental Engineering

February 2018

Contents
Introduction	2
Background Research	3
Fertilisers	3
Fuel	4
Physical Properties of Slurry	5
Renewable Method of Powering the Reactor	6
Control Systems	8
Aims and Objectives	9
Gantt chart	10
Conclusion	12
References	13




[bookmark: _Toc506562957]Introduction
Coleg Sir Gar Gelli Aur farm has a large issue with slurry containment, with over 500 cows and a large annual rainfall in the location the current slurry storage containers fill rapidly. Last year’s students provided a solution to this problem.
They developed an electro kinetic dewatering plant that was then tested at varying currents and voltages to find the most efficient values. Six tests were performed at the following voltages and currents:
[image: ]
Figure 1 - Dewatering Results from Previous Students (1)
As shown in the above graph they concluded that test 3 was the most efficient, removing over 200g of water within 500 minutes.
The aim for this project is to take this testing further by investigating the feasibility into using the dried slurry for other purposes such as fertiliser for plants or burned as a fuel. Their design had a major issue, as the slurry was being dried and its volume was decreasing it would come away from the electrode effectively disconnecting the circuit. An investigation will be carried in 4 alternative methods for the reactor that may solve this issues. Further investigation into powering the system with renewable energy solutions (Solar, Wind, Hydro) and potential for automatic control of the system will also be carried out along with computational simulations of electro kinetic dewatering for detailed analysis of the effects of changing variables on the process.


[bookmark: _Toc506562958]Background Research
[bookmark: _Toc506562959]Fertilisers
Fertilisers are a common substance used to enhance the growth of plants, they contain different nutrients of varying quantities each contributing to the growth of a specific area of the plant. The required nutrients are shown in the following table.
[bookmark: _Toc506559963]Table 1 - Nutrients Required for Plant Growth (2)
[image: ]
Each fertiliser contains different percentages of the three main nutrients; Nitrogen, Phosphorous and Potassium. Which are used depending on the quality of the existing soil where the fertiliser is being used. The fertilisers can contain one or more of the nutrients and are known as the following:
· Straight Fertiliser – Contains one of the three major elements
· Mixed Fertiliser – Contains two or more of the three major elements, formed by mixing two straight fertilisers.
· Compound Fertiliser – Contains two or more of the three major elements, formed by a chemical reaction rather than mixing. (3)
These fertilisers come from varying sources; manure, plant residue and inorganic fertilisers. The key source to this project being manure.
Each year the Department for Environment Food & Rural Affairs in the UK publish the results of the survey for fertiliser use on farms with Britain. The following table shows the numbers and percentage of different farmyard manures (FYM) and slurries that were being used as fertilisers within Britain in 2016.
 
[bookmark: _Toc506559964]Table 2 - Manure Usage within the UK 2016 (4)
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As table 2 shows cattle FYM and cattle slurry are the two most popular manures used as fertilisers at 51% and 16% respectively. Meaning there is a high potential that the cattle slurry from Coleg Sir Gar Gelli Aur farm is commercial viable and by first dewatering the slurry into a more solid manure has the potential to maintain the fertilising properties while decreasing the volume.
[bookmark: _Toc506562960]Fuel
Manure also has the potential to be used as fuel, in some areas of the world it is already being used as a renewable source of energy. The manure is able to be burned itself as a fuel or broken down in an anaerobic digester which is the breakdown of material using bacteria in the absence of oxygen. This process then produces a biogas which is methane rich and has good potential as a fuel. (5) Converting manure into a biogas has also allowed Denmark to reduce their carbon emissions and roughly accounts for 12% of the world’s energy consumption. (6) This can provide farmers with a second commercially viable method for manure.


[bookmark: _Toc506562961]Physical Properties of Slurry
This project will require analysis into the physical properties of dairy slurry and the quantities of water that are contained in a set volume. The physical properties of the slurry will be used to create a simulation code that allows for the hydraulic permeability of the slurry to be modelled within the electro kinetic reactor and how the hydraulic permeability of the slurry changes with time when various currents are applied to the sample.
	Properties
	Raw Cattle Manure

	Bulk Density (kg m3)
	750.00

	Moisture content (%)
	58.30

	Water Holding Capacity (g  water /g dry sample)
	3.00

	Porosity (%)
	41.57


(7)
The simulation will allow for the reduction in water content of the sample to be measured using the finite difference method allowing for a time dependents model to be constructed. Analysis of the simulation will allow for the optimum efficiency for operating time to be established.
Research will be completed on the subject of hydraulic permeability to establish the pressures and power requirements to allow for the dewatering of slurry, where the flow of water is in the direction from the anode towards the cathode with the residue encasing the anode. As the density of solids around the anode is increased the pore pressure required is increased due to the increased density of the solids.
Where:

Equation 1: Reduction in pore water pressure (8)
Where: 
u = pore water pressure
ke = coefficient of electro osmotic permeability
kh = coefficient of hydraulic permeability
gw = density of water
V = voltage applied between electrodes
Analysing the results will allow for a design analysis for the current reactor and potential new designs to be completed.



[bookmark: _Toc506562962]Renewable Method of Powering the Reactor

This section discusses the idea of using renewable energy resources to power up the reactor. The four renewable energy resources that could be potentially investigated to perform this task are solar, wind, and hydro.
Finding ways to use renewable energy is vital not only for the reactor but it can also reduce the cost of electricity used in the farm. The power produced from the renewable source is dependent on the scale of the project. However, it would beneficial to have a large scale renewable energy source rather than a small scale because some of the power produced can be used to power up the reactor while the remain power can be used in other areas of the farm.

Solar 
Solar energy such as photovoltaic energy (PV) is one of the renewable energy resources that could be used in this project to produce power for the reactor. The energy is produced from the conversion of sunlight into electricity using a solar cells.
Photovoltaic uses different materials and technologies such as crystalline silicon (c-Si), Cadmium telluride (CdTe), Gallium arsenide (GaAs), and chalcopyrite films of Copper-Indium-Selenide (CuInSe2). However, 40% of most of the solar panels used around the world are silicon solar cells and these panels can be yield efficiencies well higher than 25%. [9]
[image: 4kw-Solar-PV-Panel-Ground-Mount-Witchford-Ely-Eco-Installer]The advantages of using an array of solar panels is that they are non-polluting and require little maintenance. However, one of the disadvantages is that the output power is dependent on the light intensity.
Ground-mounted Solar Photovoltaic (PV) Panels, Source [10]




Wind 
Wind turbines can also be used as renewable energy resource to produce power for the reactor because some of the available power in the wind can be converted by using rotor blades to spin a motor that generates electricity. The conversion of wind energy into mechanical power is a complex aerodynamic system. [11]
[image: electricity, energy, environment]







Wind Turbine, Source [12]



Hydro 
[image: Illustration hydropower]Hydroelectric Power is another form of renewable energy resource that could be used to power up the reactor. Hydroelectric power generally comes from flowing water such as springs, streams, and lakes. Water, when it is falling by the force of gravity can be used to turn turbines and generators to produce electricity. Both small and large hydroelectric power are good renewable energy source because they do not pollute the air, land, or water as other power plants may. [13] 







Hydropower, Source [14]




[bookmark: _Toc506562963]Control Systems
A control system can be implemented to help aid regulate the power supplied to the reactor by minimising the amount of voltage and current needed during the initial start-up phase and as the water content of the sample decreases over time. By reducing the total power consumption for the process, the total costs will also be reduced and make the reactor more economically viable.

There are a range of potential control systems which can be used such as:
. PID Controller – A PID controller is a three-term controller which uses Proportional, Integral and Derivative Gain to control the output. Adjusting these values allows fine tuning of the output so that the set point is reached quickly with very little overshoot.

. Open-Loop Circuit – An Open-Loop Circuit is a system which does not use any sort of feedback to make adjustments to the output. This means that the system design is simpler and uses fewer components while also rendering the system unable to tell if the output is incorrect and needs to be changed.(8)

. Closed-Loop Circuit – A Closed Loop Circuit is a system which makes use of a feedback loop to indicate to the system if a change needs to be made to the output. Depending on the application and components used, the output may be slightly adjusted or halted completely halted.(8)

 An Open or Closed Loop can be implemented by designing a custom circuit using a programmable microcontroller such as a PIC alongside digitally controlled amplifiers to regulate the power flow to the reactor.















[bookmark: _Toc506562964]Aims and Objectives

Previously a major project has been completed on the subject of electro kinetic dewatering of slurry that has provided results from various tests.  This project is aimed at taking the completed data from the previous project and improving the rate at which the water is removed from the sample and also the power consumption of the reactor through testing and computational modelling.

This project will include;

·  Research into the physical properties of slurry and how the properties change as a result of the presence of and electrical field
· An investigation into the potential uses of the processed slurry once electro kinetic dewatering has been completed
· Research into potential renewable energy sources that can be utilised at the site (Gelli Aur Farm) which will allow the reactor to operate without connection the grid.
· A critical design analysis of the current reactor with potential improvements
· The development of control system to regulate the power consumption during the process 
· The analysis of the project will include the comparison of physical test results to simulation results to validate the mathematical model.
· Finally suggested improvements will be made for future work.

This project will provide relevant design adjustments for the reactor to decrease the difficulty in cleaning the reactors anode after use and also a process control to regulate the reactor whilst in use to improve efficiency. The physical solids the process produces will also be analysed to establish what use the solid waste has as a fuel for burning and the liquid for use as a fertilizer.
1 | Page
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[bookmark: _Toc506562966]Conclusion

The research needed to carry out the project has been allocated between the group members so that the tasks can be completed in the timeframe given. This is reflected in the Gantt Chart created. The research which will be conducted covers the wide range of topics needed in order to gain a great understanding of both the water treatment as well as the power generation aspects of the project. The proposed Aims & Objectives are achievable and also allow for an acceptable result to be achieved if the results produced from testing are not as expected.
The Gantt Chart may be changed throughout the project depending on the additional research needed as well as the additional time needed to make improvements on the design. These changes to the project plan will be made so that the results produced meet expectations while also ensuring that other tasks are not being hindered. 
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Farms in Fams in

sample _population _population % _(Mt: Mm3) %
None 360 31325 35% nia na
Cattle FYM 605 45734 51% 334 38%
Cattle slurry 202 14,203 16% 428 4%
Pig FYM 35 1,906 2% 2 2%
Pig Slurry 14 1,250 1% 1 1%
Layer man ure 28 1,975 2% 06 1%
Broiler/ turkey ltter 31 1712 2% 08 1%
Other FYM 54 4,993 &% 2 2%
Other farm 1 709 1% 17 2%
Bio-solids 39 1,637 2% 2 2%
Other non-farm 18 1,046 1% 14 2%
Total with manure 784 59207 65% 877 100%

Note: some farmers may use more than one type of manure. Mt: Mm" are million tonnes and cubic metres.
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