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Appendix 1 – cEGR Calculations and Technical Drawings 
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1. Calculation of the exhaust gases flow  
 

a. Assumptions / Input data 
 
Engine running at 75% load: 

ܲ ൌ 600ሾܹ݇ሿ  

Fuel consumption at 75% load:  

ሶ݉ ݈݁ݑ݂ ൌ 145 ሾkg/hሿ ሺdieselሻ 

Stoichiometric Air/Fuel Ratio: 

൬
ܣ

ܨ
൰
௦௧௢௜௖

ൌ 14.5 ቎
݇݃௔௜௥

݇݃௙௨௘௟
൘ ቏ 

 Average temperature at the proposed EGR recirculation tee (measured): 

݄ݔ݁ܶ ൌ 395ሾ°ܥሿ 

 

b. Using empirical formula based on the engine power output : 

ሶ݉ ݄ݔ݁ ൌ 1.976 ∙ ܲ  ൥
݇݃

݄
ൗ ൩ 

:݁ݎ݄݁ݓ ܲ െ  ሾܹ݇ሿ ݎ݁ݓ݋݌ ݁݊݅݃݊݁

ሶ݉ ݄ݔ݁ ൌ 1.976 ∙ ܲ ൌ 1.976 ∙ 600 ൎ 1185 ൥
݇݃

݄
ൗ ൩ 

Calculation of the volumetric flow (reference conditions): 

ሶܸ
ܰ ݄ݔ݁ ൌ

ሶ݉ ݄ݔ݁
ܰ ݄ݔ݁ߩ

ൌ
1185

1.29
ൎ 920  ቂܰ݉

3

݄
ൗ ቃ 

Calculation of the volumetric flow at temperature: 

ሶܸ
ܶ ݄ݔ݁ ൌ ሶܸ

 ܰ ݄ݔ݁ ∙
ܶܰ ൅ ݄ݔ݁ܶ

ܶܰ
ൌ 920 ∙

273 ൅ 395

273
ൎ 2250 ቂ݉

3

݄
ൗ ቃ 
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c. Air flow based on fuel consumption  

ሶ݉ ݎ݅ܽ ൌ ሶ݉ ݈݁ݑ݂ ∙ ݔ ൌ 145 ∙ 14.5 ൎ 2100  ൥
݇݃

݄
ൗ ൩ 

Calculation of the volumetric flow (reference conditions): 

ሶܸ
ܰ ݎ݅ܽ ൌ

ሶ݉ ݎ݅ܽ
ߩ
ܰ ݎ݅ܽ

ൌ
2100

1.2
ൎ 1750  ቂܰ݉

3

݄
ൗ ቃ 

 

d. Actual reading taken at the exhaust stack – at the temperature of 300 °C 

ሶܸ
300 ݄ݔ݁ ൌ 1950  ቂ݉

3

݄
ൗ ቃ 

After normalisation to the temperature at recirculation tee: 

ሶܸ
395 ݄ݔ݁ ൌ 2275  ቂ݉

3

݄
ൗ ቃ  ሶ݉ ݄ݔ݁ ൌ 1200 ൥

݇݃
݄
ൗ ൩ 

 

2. Calculation of water requirement 
 

a. Assumptions/Input data 
 
Assumed max recirculation rate: 

݊ாீோ ൌ 40 ሾ%ሿ 

Desired exhaust temperature: 

௖ܶ ௘௛௫ ൌ 100 ሾԨሿ 

Specific heat of exhaust: 

ܿ௣ ௘௫௛  ൌ 1089 ൥
ܬ
݇݃ ∙ ൗܭ ൩ 

Specific heat of water: 

ܿ௣ ுଶ଴ ൌ 4190 ൥
ܬ
݇݃ ∙ ൗܭ ൩ 
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b. Capacity required to cool specified mass of exhaust gases 
 
ܳ ൌ ݊ ∙ ሶ݉ ௘௫௛ ∙ ܿ௣ ௘௫௛  ∙ ∆ܶ 

ܳ ൌ ݊ ∙ ሶ݉ ௘௫௛ ∙ ܿ௣ ௘௫௛  ∙ ሺ ௘ܶ௛௫ െ ௖ܶ ௘௛௫ሻ 

ܳ ൌ 0.4 ∙ 1200 ∙ 1089 ∙ ሺ395 െ 100ሻ ൌ 154202400  ൥
ܬ
݄ൗ ൩ 

 
c. Calculation of water requirement 

 
ܳுଶ଴ ൌ ሶ݉ 2ܱܪ ∙ ܿ௣ ுଶை  ∙ ∆ܶ, heat of evaporation is disregarded in this 

calculation, 

ሶ݉ ுଶை ൌ
20ܪܳ

 2ܱܪ ݌ܿ ∙ ∆ܶ
ൌ

20ܪܳ
 2ܱܪ ݌ܿ ∙ ሺܶܿ ݄݁ݔ െ ܾܶܽ݉ሻ

 

ሶ݉ ுଶை ൌ
154202400

4190  ∙ ሺ100 െ 20ሻ
ൌ 460 ൥

݇݃
݄
ൗ ൩ ൎ 460 ቂ݈ ݄ൗ ቃ 

 
 

3. Selection of the water nozzle 
 

BIM 11 1/8’’ nozzles manufactured by Delavan were selected for the cooling system trial. 

The system should be capable of delivering at least 7.7 litres of water per minute. Nozzle 

data are given in the attached table. 

 

4. Nozzle testing  
 

Selected nozzles were tested at the rig consisting of the water pump and manifold enabling 

installation of up to four nozzles. The pump was supplying water at a pressure of 0.8 barG. 

Test results are presented in the table below. 

No of nozzles Flow recorded [l/min] 
1 2.65 
2 4.67 
3 6.67 
4 8.71 
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5. Selection of the solution 
 

From the calculations and test presented above it can be concluded that an injection system 

consisting of four injection nozzles should be capable of providing a sufficient amount of 

water to cool down the required proportion of exhaust gases to 100°C. To ensure additional 

capacity and also employ a scrubbing effect of water injection it was decided to install four 

injection nozzles. 

 

6. Achieved results 
 

The designed system enabled the cooling of exhaust gases down to 120 °C at the 

recirculation rate of 25%. 
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Appendix 2 – Feasibility price estimates for FFA removal systems 

including Artisan Rototherm® E evaporators. 
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Appendix 3 – Certificates of Analysis 
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Appendix 4 – Summary of the KTP Project 
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The host company – John Pointon & Sons Ltd. have acquired the following knowledge and 

capabilities as a result of the KTP project: 

- Electrical generation on-site. 

o Understanding Electrical Protection Systems (HV protection) 

o Trained as Senior Authorised Person to issue documentation i.e. High 

Voltage Permit to Work, Sanction for Test etc. 

o Maintenance of a diesel engine and generator. 

o Condition monitoring of fuel systems, combustion, cooling system, cylinder 

pressures (high speed pressure transducers + computer interfaces) 

- Economic variables. 

o Assessing tallow price fluctuations as a tradable commodity (economic 

feasibility of tallow as a fuel) 

o Maintenance costs (oil usage, man power requirements, maintenance 

frequency) 

o Repair costs and evaluation of failures to find route causes. 

- Environmental  

o Monitoring/recording of exhaust emissions at all stages of the project. 

o Modifying the design of the exhaust path to reduce various chemical 

components in the exhaust gases.   

 

Although the project had its mechanical problems i.e. piston failures due to possible 

inherent piston design - the overall testing suggested that tallow was a viable fuel and with 

modifications to the fundamental engine configuration i.e. EGR (Exhaust Gas 

Recirculation) fitted with cooling, helped to improve some of the emission levels. It was an 
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encouraging experiment which the company feels will be useful for any future 

developments in the generation of electricity using tallow as the prime source of fuel. 

Additionally, during the analysis of tallow’s properties, it was identified as having 

extremely good lubricating characteristics - this observation could be developed in the 

future, as a possible additive in other novel fuels. 

 

Electricity consumption was reduced from the supplier by approx £76,000 over the 

generation period. 

 

The KTP has sadly had to be shortened due to the financial circumstances of John Pointon 

and Sons i.e. the company had to make several redundancies and halt all capital projects 

during the final year of the KTP.  

 

Other than the financial circumstances, the KTP worked extremely effectively and the 

company would like to thank all those involved (147). 

 




