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Appendices 
 

Appendix A: Stacking Sequence Determination 

Polishing Procedure 
 

1. In order to apply pressure to the specimen when polishing it is first necessary 
to polish the top surface to create a flat surface. 

2. Once a flat surface has been created, it is necessary to mark the top ‘T’. 
3. Apply appropriate paper to the platen. 
4. Run polishing cycle with the relevant parameters. 
5. Check polished surface, if happy, dry and place in the ultrasonic bath for 5 

minute to remove any residual dust particles which may scratch the surface. 
6. Rinse ultrasonic bath cup and repeat steps 3-5 until desired surface finish has 

been achieved.  

Polishing Sequence 
Table 1 - Polishing Sequence 

Paper/ Surface Duration 

(min) 

Force 

(N) 

Platen 

Speed 

(RPM) 

Head 

Speed 

(RPM) 

Direction 

P320 Grit (46μm) 2 20 200 50 Complimentary 

P500 Grit (30μm) 2 20 200 50 Complimentary 

P800 Grit (22μm) 2 20 200 50 Complimentary 

P1200 Grit 

(15μm) 

2 25 200 50 Complimentary 

P2500 Grit (8μm) 5 25 200 50 Complimentary 

6μm Spray 5 35 250 50 Contradictory 

1μm Spray 5 35 250 50 Contradictory 

Colloidal Spray 2 35 250 50 Contradictory 
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Appendix B: Fibre Recovery  

Experimental Procedure 
1. Set furnace to desired test temperature. 
2. Record time it takes to reach desired temperature. 
3. Place specimens within furnace and note their configuration. 
4. Remove specimens after specified burn-off time and allow to cool. 
5. Record room conditions (temperature, humidity and pressure). 
6. ≈ 5 minutes after removal, weigh specimens using the Avery-Berkel WA205 

Analytical Balance scales and record. 
7. Place the specimen back into the furnace, repeating steps 3-7 until constant 

mass is achieved. 
8. Turn off furnace. 
9. Record total burn-off time. 
10. Record all energy consumption recordings: 

a. Furnace run time 
b. Minimum energy usage (W) 
c. Maximum energy usage (W) 
d. KgCO2 
e. kWh 
f. Tariff (£/hour) 
g. Cost (£) 

 

Appendix C: Experimental Specimen Sizes 
 

Table 2 - Experimental Specimen Sizes 

Specimen Length (m) Width (m) Weight (kg) Area (m2) Thickness (m) Vf 

EXP 1 0.02768 0.01916 0.00899 0.000530 0.00861 0.63 

EXP 3 0.02800 0.01936 0.00918 0.000542 0.00862 0.63 

 

Appendix D: Recovered Fibres 

                             

Figure 1 - Specimen 1H Recovered                Figure 2 - Specimen 2H Recovered  

Fibres                    Fibres  
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Figure 3 - Specimen 3H Recovered                Figure 4 - Specimen 4H Recovered 

Fibres                   Fibres 

                                   

Figure 5 - Specimen 5H Recovered      Figure 6 - Specimen 6H Recovered 

Fibres                    Fibres 

Scanning Electron Microscope Images 

                             

Figure 7 - Recovered Fibres (400°C) (1) Figure 8 - Recovered Fibres (400°C) (2) 
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Figure 9 - Recovered Fibres (400°C) (3) Figure 10 - Recovered Fibres (400°C) (4) 

             

Figure 11 - Recovered Fibres (425°C) (1) Figure 12 - Recovered Fibres (425°C) (2) 

                             

Figure 13 - Recovered Fibres (425°C) (3) Figure 14 - Recovered Fibres (425°C) (4) 

                             

Figure 15 - Recovered Fibres (450°C) (1) Figure 16 - Recovered Fibres (450°C) (2) 
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Figure 17 - Recovered Fibres (450°C) (3) Figure 18 - Recovered Fibres (450°C) (4) 

                             

Figure 19 - Recovered Fibres (475°C) (1) Figure 20 - Recovered Fibres (475°C) (2) 

                             

Figure 21 - Recovered Fibres (475°C) (3) Figure 22 - Recovered Fibres (475°C) (4) 

                             

Figure 23 - Recovered Fibres (500°C) (1) Figure 24 - Recovered Fibres (500°C) (2) 
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Figure 25 - Recovered Fibres (500°C) (3) 

                             

Figure 26 - Recovered Fibres (600°C) (1) Figure 27 - Recovered Fibres (600°C) (2) 

                                
 

Figure 28 - Recovered Fibres (600°C) (3) Figure 29 - Recovered Fibres (600°C) (4) 

 

Appendix E: Test Specimen Details 
 

Table 3 - Specimen Group C Details 

Specimen Length (m) Width (m) Weight (kg) Area (m
2
) Thickness (m) Vf 

1C 0.0294 0.0292 0.0145 0.000861 0.00853 0.610 

2C 0.0294 0.0293 0.0147 0.000862 0.00859 0.606 

3C 0.0294 0.0293 0.0147 0.000862 0.00864 0.602 

4C 0.0294 0.0295 0.0146 0.000864 0.00857 0.607 

5C 0.0294 0.0293 0.0145 0.000861 0.00864 0.602 
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Mean 0.0294 0.0293 0.0146 0.000862 0.0086 0.605 

St Dev  3.6E-05 7.22E-05 7.97E-05 1.27E-06 4.22E-05 0.003 

 

Table 4 - Specimen Group D Details 

Specimen Length (m) Width (m) Weight (kg) Area (m2) Thickness (m) Vf 

1D 0.0293 0.0295 0.0147 0.000864 0.00864 0.602 

2D 0.0293 0.0293 0.0146 0.000858 0.00861 0.604 

3D 0.0292 0.0294 0.0146 0.000856 0.00867 0.600 

4D 0.0291 0.0294 0.0146 0.000856 0.00877 0.593 

5D 0.0293 0.0294 0.0145 0.000861 0.00856 0.608 

Mean 0.0292 0.0294 0.0146 0.000859 0.0087 0.602 

St Dev  6.88E-05 5.19E-05 5.23E-05 2.94E-06 7.01E-05 0.005 

 

Table 5 - Specimen Group E Details 

Specimen Length (m) Width (m) Weight (kg) Area (m2) Thickness (m) Vf 

1E 0.0294 0.0293 0.0146 0.000860 0.00862 0.604 

2E 0.0293 0.0294 0.0147 0.000861 0.00861 0.604 

3E 0.0294 0.0291 0.0146 0.000856 0.00866 0.601 

4E 0.0292 0.0294 0.0144 0.000858 0.00859 0.606 

5E 0.0293 0.0294 0.0146 0.000861 0.00855 0.609 

Mean 0.0293 0.0293 0.0146 0.000859 0.00861 0.605 

St Dev  8.43E-05 1.03E-04 9.85E-05 1.96E-06 3.61E-05 0.00254 

 

Table 6 - Specimen Group F Details 

Specimen Length (m) Width (m) Weight (kg) Area (m2) Thickness (m) Vf 

1F 0.0294 0.0293 0.0145 0.000862 0.00854 0.609 

2F 0.0292 0.0294 0.0146 0.000857 0.00862 0.604 

3F 0.0293 0.0293 0.0146 0.000859 0.00866 0.601 

4F 0.0292 0.0293 0.0146 0.000858 0.00863 0.603 

5F 0.0294 0.0291 0.0146 0.000855 0.00867 0.600 
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Mean 0.0293 0.0293 0.0146 0.000858 0.00862 0.603 

St Dev  8.42E-05 8.27E-05 3.54E-05 2.42E-06 4.59E-05 0.00323 

 

 

Table 7 - Specimen Group G Details 

Specimen Length (m) Width (m) Weight (kg) Area (m^2) Thickness (m) Vf 

1G 0.0294 0.0294 0.0147 0.000863 0.00865 0.602 

2G 0.0293 0.0294 0.0146 0.000859 0.00859 0.606 

3G 0.0294 0.0293 0.0147 0.000863 0.00865 0.602 

4G 0.0294 0.0293 0.0146 0.000860 0.00863 0.603 

5G 0.0293 0.0294 0.0147 0.000861 0.00863 0.603 

Mean 0.0294 0.0293 0.0147 0.000861 0.00863 0.603 

St Dev  5.51E-05 3.07E-05 6.22E-05 1.35E-06 2.19E-05 0.002 

 

Table 8 - Specimen Group H Details 

Specimen Length (m) Width (m) Weight (kg) Area (m^2) Thickness (m) Vf 

1H 0.0293 0.0293 0.0147 0.000860 0.00865 0.602 

2H 0.0293 0.0294 0.0145 0.000862 0.00855 0.609 

3H 0.0294 0.0294 0.0146 0.000862 0.00860 0.605 

4H 0.0293 0.0293 0.0146 0.000859 0.00865 0.602 

5H 0.0293 0.0294 0.0146 0.000860 0.00866 0.601 

Mean 0.0293 0.0294 0.0146 0.000861 0.008622 0.603 

St Dev  2.71E-05 2.99E-05 6.34E-05 1.19E-06 4.17E-05 0.003 
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Appendix F: Fibre Recovery 1 Data 
 

Table 9 - Specimen Group C Weights 

Specimen Group C 

  Specimen   

  1C 2C 3C 4C 5C Average Total  

Burn-off Time  

(hours) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

0 39.77 38.61 39.65 40.38 37.47 39.18 195.88 

0.25 37.63 36.39 37.21 37.98 37.30 37.30 186.51 

0.5 36.80 35.60 36.58 37.33 36.51 36.56 182.82 

0.75 36.77 35.59 36.56 37.31 36.48 36.54 182.71 

1 36.75 35.57 36.54 37.28 36.47 36.52 182.61 

1.25 36.73 35.55 36.51 37.26 36.45 36.50 182.51 

1.75 36.68 35.49 36.45 37.20 36.41 36.44 182.21 

2.25 36.61 35.41 36.36 37.12 36.34 36.37 181.84 

3 36.52 35.33 36.27 37.03 36.28 36.29 181.43 

3.75 36.20 36.94 36.19 35.26 36.46 36.21 181.04 

4.5 36.18 36.93 36.16 35.25 36.44 36.19 180.95 

5.25 36.08 36.87 36.11 35.17 36.39 36.12 180.62 

6 36.03 36.84 36.09 35.14 36.35 36.09 180.46 

6.75 35.98 36.82 36.07 35.10 36.31 36.06 180.29 

7.5 35.97 36.81 36.06 35.09 36.30 36.05 180.23 

8.25 35.97 36.81 36.06 35.09 36.29 36.04 180.21 

9 35.98 36.82 36.08 35.11 36.30 36.06 180.28 

9.75 35.97 36.81 36.06 35.09 36.28 36.04 180.21 

10.75 35.96 36.81 36.06 35.09 36.28 36.04 180.21 
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Figure 30 - Specimen Group C (Weight vs. Burn-off Time) 

 

Table 10 - Specimen Group D Weights 

Specimen Group D 

  Specimen   

  1D 2D 3D 4D 5D Average Total 

Burn-off Time  

(hours) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

0 39.99 38.53 39.58 40.37 39.47 39.59 237.52 

0.5 36.81 35.47 36.36 37.21 36.28 36.43 218.55 

1 36.68 35.32 36.22 37.07 36.14 36.29 217.72 

1.75 36.52 35.13 36.08 36.97 36.04 36.15 216.89 

2.75 36.42 35.04 36.01 36.87 35.98 36.06 216.37 

3.75 36.41 35.03 35.99 36.86 35.95 36.05 216.29 

4 36.39 35.01 35.98 36.85 35.94 36.03 216.21 

4.5 36.38 35.00 35.98 36.84 35.94 36.03 216.18 

5 36.37 34.99 35.98 36.84 35.93 36.02 216.13 

5.5 36.37 34.99 35.98 36.84 35.93 36.02 216.13 
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Figure 31 - Specimen Group D (Weight vs. Burn-off Time) 

 

Table 11 - Specimen Group E Weights 

Specimen Group E 

  Specimen    

  1E 2E 3E 4E 5E Average Total 

Burn-off Time  

(hours) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

0 39.59 40.47 39.55 38.39 39.88 39.58 197.88 

0.25 36.30 37.17 36.27 35.19 36.63 36.31 181.57 

0.5 36.16 37.05 36.16 35.09 36.51 36.19 180.96 

1 36.03 36.90 36.01 34.94 36.39 36.05 180.26 

1.75 36.00 36.88 35.98 34.91 36.34 36.02 180.12 

2.25 35.99 36.87 35.98 34.90 36.34 36.01 180.07 

2.75 35.99 36.87 35.98 34.90 36.34 36.01 180.07 
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Figure 32 - Specimen Group E (Weight vs. Burn-off Time) 

 

Table 12 - Specimen Group F Weights 

Specimen Group F 

  Specimen   

  1F 2F 3F 4F 5F Average Total 

Burn-off Time  

(hours) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

0 39.83 38.57 39.60 40.32 39.54 39.57 197.87 

0.25 36.42 35.14 36.03 36.87 35.99 36.09 180.44 

0.5 36.36 35.06 36.00 36.81 35.98 36.04 180.21 

0.75 36.34 35.03 35.99 36.77 35.98 36.02 180.10 

1 36.33 35.02 35.99 36.76 35.98 36.01 180.07 

1.25 36.32 35.01 35.98 36.75 35.98 36.01 180.03 

1.5 36.32 35.01 35.98 36.75 35.98 36.01 180.03 
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Figure 33 - Specimen Group F (Weight vs. Burn-off Time) 

Table 13 - Specimen Group G Weights 

Specimen Group G 

   Specimen    

  1G 2G 3G 4G 5G Average Total 

Burn-off Time  

(hours) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

weight 

(g) 

0 40.04 38.55 39.72 40.37 39.61 39.66 198.29 

0.25 36.18 36.81 36.15 35.03 36.38 36.11 180.55 

0.5 36.11 36.76 36.12 35.02 36.39 36.08 180.40 

0.75 36.09 36.75 36.11 35.00 36.38 36.07 180.34 

1 36.09 36.75 36.11 35.00 36.39 36.07 180.34 
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Figure 34 - Specimen Group G (Weight vs. Burn-off Time) 

 

Appendix G: Bomb Calorimetry 

Experimental Procedure 
1. Weight sample to get specified weight (±0.02g) 
2. Fill water jacket with 2000g of distilled water (±0.5g) 
3. Cut fuse wire to 100mm 
4. Clip fuse wire across electrodes to close the circuit 
5. Place crucible, with sample, into the bomb head 
6. Place fuse wire into crucible ensuring it is in contact with the sample 
7. Check that electrical connections are intact using the digital multimeter 

(readings should be at least 6 using 200Ω setting) 
8. Fill bomb with 1g of distilled water 
9. Gently lower bomb head into the bomb cylinder taking care not to disturb 

sample and fuse wire 
10. Screw down cylinder head cap until tight (N.B. do not force the screw down, 

check it is not cross threaded) 
11. Endure pressure relief valve is screwed shut 

Filling the bomb with oxygen 

12. Connect the oxygen pipe onto oxygen inlet valve 
13. Select ‘O2’ key on keypad 
14. Disconnect the oxygen pipe when complete 

Setup procedure 

15. Place the water jacket into the calorimeter – ensuring dimples are aligned 
16. Attach lifting handle to the bomb 
17. Partially lower the bomb into the water 
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18. Push the two ignition lead wires into the terminal sockets on the bomb head 
19. Lower the bomb completely into the water – ensuring the bomb base spans 

the circular boss in the bottom of the bucket 
20. Remove lifting handle, shaking off any water droplets back into the bucket 
21. Check for air bubbles escaping from bomb (if so do not commence) 
22. Close the firing cover – ensuring electrode wires do not get pinched or either 

of the probes get caught on the bomb 

To fire the bomb  

23. ‘Start’ – ‘Enter’ – ‘Enter’ – Input sample weight – ‘Enter’ 

 

Appendix H: TRL Figure 

 

Figure 35 - TRL EOL Composites (What shall we do with the End-of-Life vessel, 2015) 
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Figure 36 - Technology Readiness Levels (Mai, 2015) 

 

Appendix I: Calculations 
 

Table 14 - Cost Percentage Difference between Fibre Recovery 1 and Fibre Recovery 2 

 Test Temperature Cost (£)  

Fibre 

Recovery 

400 425 450 475 500 600 

1 0.664 0.181 0.262 0.197 0.154 / 

2 0.408 0.305 0.200 0.128 0.111 0.100 Mean 

% Difference 47.76 51.03 26.84 42.46 32.45 / 40.1 

 

𝑉𝑓 =  
𝑛 ∗ 𝐴𝑊

𝜌𝑓 ∗ 𝑡
 

Equation 1 - Laminate Thickness 

Where; 

 n = Number of plies 

 AW = Areal weight of GFRP (g/m2) 

 ρf = Fibre density (kg/m3) 

 t = Laminate thickness (mm) 

 Vf = Fibre Volume Fraction 

𝐶𝑝𝑐
=  (𝑉𝑓 ∗ 𝐶𝑝𝑓

) + ((1 − 𝑉𝑓) ∗ 𝐶𝑝𝑚
 

Equation 2 - Specific Heat 

Where; 

 Cpc = Composite specific heat 

 Vf = Fibre Volume Fraction 

 Cpf = Fibre specific heat 

 Cpm = Matrix specific heat 

 

𝑊𝑒𝑡 𝑠𝑎𝑤 𝑐𝑢𝑡𝑡𝑖𝑛𝑔 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑙𝑒𝑛𝑔𝑡ℎ =  𝜇𝑑 

= 0.393𝑚 

Where; 

 d = diameter = 125mm 
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𝐶𝑢𝑡 𝑙𝑒𝑛𝑔𝑡ℎ 𝑅𝑎𝑡𝑖𝑜 =  
𝑊𝑒𝑡 𝑠𝑎𝑤 

𝐽𝑖𝑔𝑠𝑎𝑤
 

Equation 3 - Cut Length Ratio 

=  
0.393

0.05
 

= 7.86 

 

 

Appendix J: Risk Assessments/ COSHH Sheets 

Diamond Slitting Saw 

 

Figure 37 - Diamond Slitting Saw Risk Assessment 

Jigsaw 

 

Figure 38 - Jigsaw Risk Assessment 

Fine Powders 
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  Figure 39 - Fine Powders Risk Assessment 

Furnace 

 

Figure 40 - Furnace Risk Assessment 

Bomb Calorimeter 

 

  Figure 41 - Bomb Calorimeter Risk Assessment 

Optical Microscope 

 

Figure 42 - Optical Microscope Risk Assessment 
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Scanning Electron Microscope 

 

Figure 43 - Scanning Electron Microscope Risk Assessment 

Mixing Resins  

 

Figure 44 - Mixing Resins Risk Assessment 

 

Figure 45 - Risk Rating, Severity and Likelihood 
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Appendix K: Energenie ENER007 
 

 

Figure 46 - Energenie ENER007 User Guide Part 1 

 

Figure 47 - Energenie ENER007 User Guide Part 2 

 


