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1 Project 22/5: Biogas (ICPT - Biogas) (to be put into NLAP-WEDC Final 
Report 21-24) 

1.1. Position of biogas project 

This project was proposed to produce methane gas for later use in the burner. 

This project is divided into two parts: a theoretical section and an applied 

(executive) section. Work on the biogas project started this year. Emphasis was 

placed on theoretical and applied aspects, as the project was studied, and the 

proposed design was manufactured without commissioning it. 

1.2. Méthanisation: Processes, conditions, étapes, … 

(Anaerobic digestion: process, conditions, steps, …) 

1)  Model size 

Operation: 91% approximately 8000 hours per year. 

Quantity of raw materials: 12,060 tons. 

Quantity of biogas produced: 916,822 m³/year (54.3% methane). 

Quantity of digestate: 10,869 m³. 

 

2) Bilan des matières 

 
3) Systèmes de production du biogaz 
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a) Input  

Inputs can be of two types: 

- EVEB liquid inputs 

- Solid inputs (manure, plant matter) 

Liquid inputs are pumped to the digester and must be agitated. 

Solid substrates are introduced into the digester using a specially designed 

device. 

This device has sufficient capacity to contain the equivalent of one to two 

days of inputs. 

Insulation of the walls reduces the heating needs of the system. 

The substrates are finely mixed to avoid the formation of crusts and to favor 

the expulsion of gas. 

 

 

b) Digester 

 Pumping system to introduce liquid materials into the digester. A 160 mm 

diameter polyethylene pipe will be connected to the pump and the digester to 

introduce the solid inputs. 
 

 

c) The stirring system: paddle stirrer 

4 blades placed on a rotating axis generate currents in different directions 

with a high content of dry matter and thus prevent the formation of a surface 

layer. 

The low rotation speed preserves the bacterial population. 
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Brewing system; 4 blade agitators 

 

d) Membrane  

Membrane for biogas storage: 2 mm thick EPDM 

 

In high quality EPDM rubber, elastic, resistant (to UV and Ozone). 

 

Rubber membrane to maintain the biogas 

 

e) Digestion pit heating system 

Network of tubes in composite material fixed on the internal wall of the pit. 

The passage of hot water keeps the digestate at the right temperature. 

 

Digester heating system 

 

f) Digestion pits (digester) 

Reinforced concrete pit with a central pillar supporting a wooden frame 

(supports the EPDM biogas storage membrane, and offers a large colonization 

surface for bacteria that transform hydrogen sulphide H2S into sulfur which is 

deposited on the wooden frame). 
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Wood frame 

 

4) Biogaz dimensions 

 

A digester diameter of 19 m allows a hydraulic retention time of 44.1 days 

- Duration of methane production: Diameter= 19m => 44.1 days. 

- Maximum load = 3.7kg MO/m³/day 
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- Dimensions : 

Φ=19m, h=6m 

Gross volume: 1701m³ 

Net volume = 1,474 m³ 

 

 

  

 

 

 

5) Biogas steps 
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a)  Hydrolyze 

 
 

 

 

 

 

 

 

 

 

 

b) Acidogenesis 
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c) Acetogenesis 

 
 

 

 

 

 

d) Methanogenesis 
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It is necessary to heat methane: 

- Mesophilic zone: 35° 

- Thermophilic zone: 55 to 60°C 

         N.B.: 

Biogas reduces the greenhouse effect. Limits environmental damage 

 

e) The digestate: 

Deodorize, olfactory nuisance is destroyed in the digester. 

Its fertilizer value is improved, the quantity of nutrients is preserved but the 

initially organic nitrogen is found in ammoniacal form. 

It is therefore assimilable for plants. 

This spreading improves microbial activity and soil respiration compared to 

spreading manure or slurry. 

Spreading is carried out using a dropper. 
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1 m3  = 9 Kwh 

Vtotal  = π ×(r)2 × H = π ×(1500)2 × 2000 = 14.130 

ρeau  = 
𝑚
𝑉

 

m = ρ.V =1 × 7065 = 7.065 kg 

ρw = 
𝑚

𝑉
 

m = ρ × V = 1.5 × 6065 kg 

mt = mwater = mliquid = 7065 = 10600 = 17.665 kg 

 

 

6) Features of the agitator 
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a) Gas separation 

 

b) Physical Scrubbing 

- Working Principe  

• CO2 is more soluble than CH4 according to Henry's law. 

• Raw biogas flow through a counter flow of a liquid in a column. 

• Liquid absorb CO2 leaving biogas with high content of CH4. 

 

- Type of liquid 

• Water for water scrubbing. 

• Polyethylene glycol (PEG) / selexol and Genenrob for organic scrubbing. 

 

- System upgrading 

• Absorption column filled with packing material to increase mass transfer. 

• Flash tank installed to recover trace of CH4. 

• Water/PEG regeneration to remove CO2 for reuse purpose. 

 

- Advantages 

• Simple process 

• High methane purity  

• Less methane loss. 

• Low operation and maintenance cost. 

- Disadvantages 
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• Required huge amount of water. 

• High energy needed 

• Chances of biological contamination. 

• Required external heat. 

 

c) Cryogenic separation: 

- Working Principe 

• Different gases condense at different temperature-pressure domains. 

• Boiling point of CO2 was higher than the CH4 thus allowing the separation. 

• Biomethane produced by graduand decrease of temperature and 

compressing the biogas. 

• Equipment: compressor-turbine-heat exchanger and cooler. 

 

- Post treatment 

• Final product is in accordance with the quality standards gore liquified 

natural Gas (LNG). 

• Further cooling for purification will produced liquid Biomethane (LBM). 

 

- Advantages 

• High gas quality 

• Low methane losses 

• Environmentally friendly 

• Produce LBM with low extra-energy 

 

- Disadvantages 

• High investment operational cost 

• Pre-treatment needed 

• High energy required for cooling 

• Technology is still under development. 
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d) Membrane separation 

- Working Principe 

• Separation of biogas components using membrane as permeable material. 

• The selection of permeability properties of membrane is crucial. 

• Ascending order of permeation rate: CH4, CO2, H2S, N2 and H2O. 

 

- Separation techniques 

• Gas-gas separation(dry) 

o H2S and oil vapors were first removed. 

o Biogas is pressurized and injected into membrane. 

• Gas-liquid separation (wet) 

o Liquid and gases separated by membrane. 

o Impurity is the gases absorbed by the counter current flows of liquid. 

 

- Increasing efficiency 

• Enhanced the CH4 purity by using two or three stage performance. 

• Ideal membrane must have high permeability difference between CO2 and 

CH4. 

 

- Advantages 

• Environmentally friendly 

• Low energy consumption 

• Low cost 
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• Simple process 

 

- Disadvantages 

• Low membrane selectivity 

• Pre-treatment necessary 

• Low CH4 purity 
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1.3. Biogas production from municipal waste 

 

1.4. WET DIGESTION 

The process is considered wet digestion when the content of the digester is 

pumpable. That means that the material inside the digester has a consistency of 

approximately 10% dry matter or less (90% water). 
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There exist many configurations of wet digesters: 

▪ Complete mix or Completely stirred tank reactor (CSTR) 

▪ Plug-flow 

▪ Upflow Anaerobic Sludge Blanket (UASB) 

▪ Fixed film reactor 

▪ Floating films reactors 

▪ Sludge bed reactors 

▪ And more. 

 

 

These configurations have been designed to optimize the process for various 

feedstock conditions and market applications. 

 

The mass balance of a typical wet digestion process looks like this: 

https://www.biogasworld.com/product-category/anaerobic-digestion/liquid-digestion-system
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For example, 100 tons of solid municipal residential source separated organics 

(SSO) arrives at the biogas plant using wet digestion (complete mix). This feedstock 

needs to be pretreated to remove potential contaminants (plastics, metal, sands, 

etc.). Approximately 10 tons will be removed as contaminants and will probably be 

landfilled. 

In order to be pumpable (10% TS), the feedstock will be diluted with water that 

may come from a fresh source or from a mixed of fresh and recycled water from the 

wastewater portion of the biogas plant. The liquid feedstock going to the digester 

will be approximately 250 tons. 

In the digesters, the bacteria will consume the majority of the volatile solids in 

the feedstock and will convert them into biogas. Approximately 10 tons of gas will 

come out of the digesters. The more liquid digestate will represent approximately 

240 tons. 

At this point, the digestate may be applied to land directly. Please note that 

100 tons of solid material turned into 240 tons of liquid and land applying the 

digestate in this form will present significant transportation costs. 

The digestate may also be separated into a solid fraction (45 tons) to be land 

applied (or composted down to 35 tons) and a liquid fraction (195 tons) to be 

returned the sanitary sewage or directly back to nature. 
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One may be tempted to use the treated wastewater as dilution water for the 

input feedstock and limit the amount of water consumed and rejected by the 

process. It is possible only if the wastewater plant removes almost all nutrients (salts 

and ammonia/ammonium) in the water. Without this removal, there will be a rapid 

buildup of nutrients in the water and this will inhibit and/or kill the anaerobic 

digestion process. 

The digester must meet the following requirements: 
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The following aspects must be taken into account in terms of design and operation (  يجب مراعاة الجوانب التالية فيما يتعلق بالتصميم

 (والتشغيل

 

 

 

 

 

 

 

 

 

1.5. System concept / system design 

1) Raw materials for biogas production 

Although, cattle dung has been recognized as the chief raw material for bio-

gas plants, other materials like night-soil, poultry litter and agricultural wastes can 

also be used. 

2) Advantages of biogas production 

- It is a eco-friendly fuel. 

- The required raw materials for biogas production are available abundantly in 

villages. 

- It not only produces biogas, but also gives us nutrient rich slurry that can be 

used for crop production. 

- It prevents the health hazards of smoke in poorly ventilated rural households 

that use dung cake and fire-wood for cooking. 

- It helps to keep the environment clean, as there would be no open heap of 

dung or other waste materials that attract flies, insects and infections 

- Availability of biogas would reduce the use of firewood and hence trees could 

be saved. 

 

1) Components of biogas plants 

- Mixing tank - The feed material (dung) is collected in the mixing tank. Sufficient 

water is added and the material is thoroughly mixed till a homogeneous slurry 

is formed. 
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- Inlet pipe - The substrate is discharged into the digester through the inlet 

pipe/tank. 

- Digester - The slurry is fermented inside the digester and biogas is produced 

through bacterial action. 

- Gas holder or gas storage dome - The biogas gets collected in the gas holder, 

which holds the gas until the time of consumption. 

- Outlet pipe - The digested slurry is discharged into the outlet tank either through 

the outlet pipe or the opening provided in the digester. 

- Gas pipeline - The gas pipeline carries the gas to the point of utilization, such as 

a stove or lamp. 

 

2) Points to be considered for construction of a biogas plant 

a) Site selection 

- While selecting a site for a biogas plant, following aspects should be 

considered 

- The land should be levelled and at a higher elevation than the surroundings 

to avoid water stagnation 

- Soil should not be too loose and should have a bearing strength of 2 kg/cm2 

- It should be nearer to the intended place of gas use (eg. home or farm). 

- It should also be nearer to the cattle shed/ stable for easy handling of raw 

materials. 

- The water table should not be very high. 

- Adequate supply of water should be there at the plant site. The plant should 

get clear sunshine during most part of the day. 

- The plant site should be well ventilated. 

- A minimum distance of 1.5m should be kept between the plant and any wall 

or foundation. 

- It should be away from any tree to prevent root interference. 

- It should be at least 15m away from any well used for drinking water purpose. 

 

 

b) Availability of raw materials 

The size of the biogas plant is to be decided based on availability of raw 

material. 

1.6. 18.10.2022 – Proposal FreeCAD design 
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18102022_Biogas 

plant prototype design.FCStd
 

 

 

 

 

1.7. Design notes  
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1.8. Update design - Version 11-12.11.22 
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1.9. Mechanical Realization 

1) Main Fermenter 
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2) Outlet 
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3) Flanges 
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1.10. Real design 

The final design of the biogas prototype  
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- With sensors holes: 

30122022_Bio Gas 

FreeCAD design.FCStd 
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1.11. What’s next 

In this project, after completing the installation of the sensors, we 

will start with the necessary procedures for operation.
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2 Project 22/6: Gas Turbine for Methane gas (ICPT – GTM) (to be put into 
NLAP-WEDC Final Report 21-24) 

6.1. Position of Gas turbine project 

This project is divided into two parts: the fuel burner and the gas turbine. Work 

has been done on the fuel burner section in the past years, this year the stand was 

manufactured for the burner only. While the focus was on the gas turbine, the 

project was studied theoretically, and a preliminary design of the gas turbine was 

developed. 

 

6.2. Relationship between gas turbine and fuel burner  

The burner burns gases (hydrogen, natural gas, ...) with oxygen. At the exit of 

the burner, a gas turbine will be installed in order to adjust the path of the flame 

formed as a result of combustion. The gas turbine also seeks to regulate combustion 

and thus regulate the flame. 

 

6.3. Fuel Burner Testrig 

1) FreeCAD design of fuel burner stand 

21112022_FB - 

stand.FCStd
 

 
 

2) Design of fuel burner stand 

Fuel burner stand – Design and sizing (.pptx) 



 

26112022_Sizing - 

Fuel Burner with Stand.pptx
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6.4. Gas turbine pieces 
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1) Moving blade piece 

 
 

2) Stator blade piece 

 

3) Moving blade holder 



 

 
 

4) Stator blade holder 

 
 

5) Spacer ring 
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6) Cover 

 
 

7) Bridge 



 

 
 

8) Gas turbine integrated with fuel burner 

 
 

 

6.5. Gas turbine pieces - FreeCAD design 
1) Stator 
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02102022stator.FCS

td
 

 
 

2) Turbine cover A 

02102022tb cover 

a.FCStd
 

 

 
 



 

 
 

3) Turbine cover B 

02102022turbine 

cover b.FCStd
 

 
4) Turbine 
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03102022turbine.FC

Std
 

 
 

5) Complete turbine 

04102022complete-

turbine.FCStd
 

 
 



 

6) Complete turbine expanded 

04102022complete-

turbine-expanded.FCStd
 

 

 
 

7) Assembly 

05102022assembly.

FCStd
 

 
 

8) Assembly expanded  
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05102022assembly-

expanded.FCStd
 

 
 

6.6. Gas turbine compressor 
1) Compressor impeller 

compressor.FCStd

 

 
 

 

2) Compressor diffuser 



 

diffuser.FCStd

 

 
 

6.7. Combustion chamber parts With FreeCAD design 

1) Cap 

combustuon 

cap.FCStd  

 
 

2) Primary zone 
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combustion primary 

zone.FCStd  

 
 

3) Intermediate zone  

combustion 

intermidiate zone.FCStd
 

 
 

4) Dilution zone 



 

conbustion 

dilution.FCStd  

 
 

5) Combustion chamber 

comb-chamb.FCStd

 

 
 

6) Alternative Fuel burner combustion chamber 
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6.8.   What’s next 
To complete this project, we must select the type of metals and sensors 

suitable for the model, after that we can start manufacturing the turbine. 





 



 

3 Project 22/7: Ashes Recycling (ICPT – AR) (to be put into NLAP-WEDC 
Final Report 21-24) 

 

3.1 7.1.   Position of Ashes recycling project 

Work on this project began in the past years. In this year (2022), the focus 

was on the control, as the PLC was added and operated on the project. 
 

3.2 7.2.   Ashes Recycling PCS Implementation 

1) The process control system for the Ashes Recycling system 

 
 

2) The Ashes Recycling system  
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3) The Material Used 



 

1-Proportional 2 way valve A20-M25-B2-C and Proportional 3 way valve A20-M25-

B3-C (24VDC; input 0 to 10v) [1][2] 

 

2-Motorize Valve A20-T25-B2-C (24VDC; CR301) [3][4] 

 

3- Delta PLC DVP20SX211R [5] 
 

4-Delta Module DVP04DA-S [6] 
 

5- Water Flow Sensor USS-HS43TB (2-45L/M G3/4") [7] 

 

4) PLC Panel 

 
 

5) Terminal Block of Panel 
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6) Control Panel Wiring 

200822Ashes 

Recycling - Control Panel Wiring Diagram.eddx
 

 
 7) Operating steps 
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1. In the mixture put 338 Kg of Ashes with 1690 L 0f acid of 15.8 mol/l of 

concentration 

2. Turn on the mixer (M1) 

3. Open the Valve 2 and ON the pump (P2) to reach the column to the level 

(a) of ash mixed with nitric acid 

4. When thelevel of liquid in the column reaches the top left nozzle (a), Turn 

Off the Pump (P2) and Close the Valve 2. 

5. Turn on the mixer (M2) 

6. Open the Valve 1 and Turn on the pump (P1) to put the solvent (LIX : 

LIX® 984N ) 

7. When the level of liquid reahes the top lef nozzle (b), Turn Off the Pump and 

Close the Valve 1. 

8. Wait Time ... min. Allow the interface to form between the top mesh (a) and 

the top left nozzle (b). The interface appears as an immiscible layer between 

acid   and extractant with droplets 

9. Turn On the Pump (P1) and Open the valves (V1) and (V4) to set the 

extractant (Solvent) flow rate (equal between the inputs and the output). 

10. Turn On the Pump (P2) and Open the valves (V2) and (V3) to set the 

aqueous phase flow rate (equal between the inputs and the output). 

  

3.2.1 8)_Algorithm 

030922Ashes 

Recycling_PCS_Algorithm.eddx
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9) Graphical user interface 

- PLC code : 

021222_ICPT-Ashes 

Recycling_PCS_PLC Code.dvp
 

 

- Graphical User Interface code (C#) : 

ICPT-Ashes 

Recycling_PCS_GUI_021222.rar
 

 

- PLC Modbus Addresses : 

090922_ICPT-Ashes 

Recycling_PCS_PLC Modbus addresses.xlsx
 

http://aecenar.com/index.php/downloads/send/18-icpt-intitute/1069-icpt-ashes-recycling-pcs-gui-code
http://aecenar.com/index.php/downloads/send/18-icpt-intitute/1056-icpt-ashes-recycling-pcs-plc-modbus-addresses
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3.3 7.3.   Ashes Recycling System Test Specifications 

ICPT_WEDC-Testrigs_PCS2021_190122.zip
 

1) Before using 

• All valves are turned off 

• The motor is turned off 

 
2) Follow these steps 

1. Turn on the motor (M1) 

2. In the mixture put 338 Kg of Ashes with 1690 L 0f acid of 15.8 mol/l of 

concentration 

3. Turn on the motor (M2) 

4. Open the pump (P2) to reach the column with 44 l of ash mixed with nitric 

acid 

5. When the level of liquid in the column reaches the top left nozzle (a) . Turn 

on the valve (V2) to set the flow rate of the mixture 

6. Turn on the pump (P1) to put the LIX (LIX® 984N ) 

7. When the level of liquid reaches the top left nozzle (b). Turn on the valve 

(V1) to set the extractant flowrate 

8. Allow the interface to form between the top mesh (a) and the top left 

nozzle (b). The interface appears as an immiscible layer between acid and 

extractant with droplets 

9. Once the interface is formed in the desired location, close the valve (V1) 

slowly until there are flowrates out of the column 

10. To keep the flowrates equal between the inputs and the output 2, adjust 

the valve (V3) to set the output flowrate 

 



 

3.4 7.4.   Operation of ashes recycling system 

List of Consumables for one batch run: 

Consumable Quantity Price 

Extractant 10L   

Nitric Acid 44L  

3.5 7.5.   Requirements 

A-Z : system requirements  

1,2,3... : product requirements 

  

A. The column system must be able to transfer the metallic salts from the solution to 

the solvent. 

A.1.  The rotator must be able to mix the two phases well enough to transfer the 

metal ions from the aqueos phase to the organic phase. 

A.2. The solvent used shall be able to extract a specific ion from the solution (e.g. 

LIX® 984N for copper ions). 

B. The mixer must be able to dissolve all solubles in the ash into the acid 

C. The inflows and outflows of the fluids must be able to harmonise with each 

other. 

C.1. The mixer shall rotate in x rpm  
 

3.6 7.6.   What’s next 

After completing the control of the applied model, in the future, this part must be started, 

and accordingly the required mixture – purchase or manufacture – must be provided to 

operate the model. 


