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Thesis Summary  
 

     The objective of this study utilizes the residues of palm midrib to produce 
charcoal with satisfactory environmental, medical, and industrial applications. 
Choosing the palm midrib residues is based on its distribution all over Egypt and 
availability for Egyptian farmers. The study objective was achieved by passing with 
some steps. The first step prepared the samples, where used the two types of palm 
midrib samples Baladi and Siwei, then divided the palm midrib into five parts (top, 
middle, base, knee, and end), according to the dimension of the inner reactor. 

 

     The second step is to design and manufactures a pyrolysis reactor( test rig) to 
produce charcoal. The third step is carbonization cycle process for the samples of 
palm midrib ten parts with quantity for all part, where the carbonization cycle 
process steps according to food and agriculture organization (FAO) standard. 

        

    The four-step is experimental analysis for twenty samples of palm midrib ten 
parts (row material before carbonization) and palm midrib ten parts (after 
carbonization) in labs according to American society for testing and materials 
(ASTM) standards. The experimental analysis divided into proximate analysis such 
as (moisture content, ash content, volatility matter content, and fixed carbon 
content), ultimate analysis such as sulfur, and calorific value(also known as heating 
value or a specific value).  

     Finally, After comparing the results of the experimental analysis for samples of 
Baladi and Siwei palm midrib parts (after carbonization) to FAO standard values. 
The potentiality of production of charcoal from Baladi and Siwei palm midribs with 
satisfactory properties has been proven. The procedure charcoal is suitable for 
environmental, medical, and industrial applications. According to FAO, the best 
samples are the middle part of palm midrib in Baladi, followed by the top, base, 
knee, and end. According to FAO, the best samples are the top part of palm midrib 
in Siwei, followed by the base, middle, knee, and end. The whole Baladi palm midrib 
could be utilized realizing the calorific value is 86% of the FAO standard. The whole 
Siwei palm midrib could be utilized realizing the calorific value 88% of the FAO 
standard. The designed reactor in this work could serve as a model for the 
production of charcoal from palm midribs in the village conditions. 
 



 

i 
 

 

Table of Contents 

Table of Contents………………………………………………………………………………………………i 

Nomenclature…………………………………………………………………………………………………..ii 

List of Figures…………………………………………………………………………………………………..iv 

List of Tables…………………………………………………………………………………………………….vi 

1. Introduction……………………………………………………………………………………………1 
2. Literature Review……………………………………………………………………………………3 

2.1. Biofuel Production from Palm Residues……………………………………………3 
2.2. Small-scale of the charcoal production technologies………………………..4 
2.3. The Analysis of Sustainable charcoal Production………………………………6 
2.4. Estimating of the Potential Charcoal Production………………………………6 
2.5. Charcoal in North American Boreal Forests Implications for Carbon 

Storage and Management……………………………………………………………………..7 
2.6. Techno-economic assessment of charcoal production for carbon 

sequestration………………………………………………………………………………………..7 
3. Experimental Procedure………………………………………………………………………….8 

3.1.  Parts of Palm Midrib Materials………………………………………………………..8 
3.1.1. General Conditions of Procurement of Samples…………………………..9 

3.2. Carbonization Cycle Method…………………………………………………………..10 
3.2.1. Pyrolysis Process……………………………………………………………………….10 
3.2.2. Types of Heating Rates………………………………………………………………10 
3.2.3. Types of Heating Methods…………………………………………………………10 
3.2.4. Stages of Carbonization Cycle……………………………………………………11 

3.3.  Test Rig (Pyrolysis Reactor)……………………………………………………………11 
3.4.  Carbonization Cycle Results……………………………………………………………17 
3.5.  Experimental Analysis Methods…………………………………………………….19 

4.  Results and Discussions………………………………………………………………………..21 
4.1.  FAO Standard Values for Charcoal…………………………………………………21 
4.2. Results of Experimental Analysis for Baladi Palm Midrib Parts………..21 
4.3. Results of Experimental Analysis for Siwei Palm Midrib Parts………...29 

5. Conclusions……………………………………………………………………………………………39 
6. Recommendations…………………………………………………………………………………40 
References…………………………………………………………………………………………………41 



ii 
 

Nomenclature 

ASTM American Society for Tooling and Materials 

FAO Food and Agriculture Organization 

ARC Agriculture Research Center 

GHG Greenhouse gas  

CV Calorific Value 

FC Fixed Carbon 

VM Volatile Matter  

AC Ash Content 

SC Sulfur Content  

MC Moisture Content 

KJ/Kg Kilo Joules per Kilogram  

g gram 

Temp. Temperature 

min. Minute  

N2 Nitrogen 

CO2 Carbon dioxide 

CO Carbon Monoxide 

H2 Hydrogen 

3D Isometric 

A Weight of the used sample 

B Weight of the sample after heating 

C Weight loss 

D Moisture content 

X Weight of the capsule, cover and ash residue 

Y Weight of the capsule and cover 

Z Weight of the sample to be analyzed 

BaSO4 Barium sulfate 



iii 
 

M BaSO4 precipitated 

N BaSO4 correction 

O Tested sample weight 

13.738  The percentage of sulfur atomic weight the molecular weight of barium 
sulfate. 

cm Centimeter 

L Liter   

ha hectare 

Yr. Year 

t Tonnes 

 



iv 
 

List of Figures 

Figure 2-1 Schematic of the Batch Unit [35]………………………………………….................5 

Figure 3-1 Palm midrib parts……………………………………………………………………….........10 

Figure 3-2 The pictures of the samples raw material, and charcoal procedure for 
Baladi and Siwei palm midrib parts………………………………………………………………………..9 

Figure 3-3 Types of pyrolysis technologies according to the heating method [10]…11 

Figure 3-4 Pyrolysis scheme for the production of charcoal and heat, bio-oil and 

gases [10]……………………………………………………………………………………………………………12 

Figure 3-5 A Sketch of the pyrolysis reactor used in the current work……………………12 

Figure 3-6 Main assembly for pyrolysis reactor…………………………………………………….13 

Figure 3-7 Pyrolysis reactor frame assembly………………………………………………………..14 

Figure 3-8 Pyrolysis reactor three heaters positions……………………………………………15 

Figure 3-9 Pyrolysis reactor condenser unit…………………………………………………………16 

Figure 3-10 Carbonization cycle of Baladi palm midrib parts…………………………………17 

Figure 3-11 Carbonization cycle of Siwei palm midrib parts…………………………………18 

Figure 4-1 Calorific value and fixed carbon for Baladi palm midrib parts after 

carbonization……………………………………………………………………………………………………..23 

Figure 4-2 Volatile matter and ash content for Baladi palm midrib parts after 

carbonization……………………………………………………………………………………………………..24 

Figure 4-3 Sulfur content and moisture content for Baladi palm midrib after 

carbonization……………………………………………………………………………………………………..24 

Figure 4-4 Calorific value for Baladi palm midrib parts raw material moreover, after 

carbonization……………………………………..………………………………………………………………25 

Figure 4-5 Fixed carbon for Baladi palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..26 

Figure 4-6 Volatile matter for Baladi palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..27 



v 
 

Figure 4-7 Ash content for Baladi palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..27 

Figure 4-8 Sulfur content for Baladi palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..28 

Figure 4-9 Moisture content for Baladi palm midrib parts raw material moreover, 

after carbonization……………………………………………………………………………………………..28 

Figure 4-10 Calorific value and fixed carbon for Siwei palm midrib parts after 

carbonization……………………………………………………………………………………………………..30 

Figure 4-11 Volatile matter and ash content for Siwei palm midrib parts after 

carbonization……………………………………………………………………………………………………..31 

Figure 4-12 Sulfur content and moisture content for Siwei palm midrib after 

carbonization……………………………………………………………………………………………………..32 

Figure 4-13 Calorific value for Siwei palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..33 

Figure 4-14 Fixed carbon for Siwei palm midrib parts for raw material moreover, 

after carbonization……………………………………………………………………………………………..34 

Figure 4-15 Volatile matter for Siwei palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..34 

Figure 4-16 Ash content for Siwei palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..35 

Figure 4-17 Sulfur content for Siwei palm midrib parts raw material moreover, after 

carbonization……………………………………………………………………………………………………..35 

Figure 4-18 Moisture content for Siwei palm midrib parts raw material moreover, 

after carbonization……………………………………………………………………………………………..36 

Figure 4-19 Calorific value for different wood species………………………………………….37 

Figure 4-20 Fixed carbon and volatile matter for different wood species………………37 

Figure 4-21 Ash content and moisture content for different wood species……………38 

 



vi 
 

List of Tables 

Table 2-1 Annual per-hectare production, uses, and sustainable availability of oil 

palm residues in Indonesia [32]…………………………………………………………………………….3 

Table 3-1 Quantity of Baladi and Siwei of palm midrib specimens………………………….8 

Table 3-2 Carbonization cycle of Baladi palm midrib parts……………………………………17 

Table 3-3 Carbonization cycle of Siwei palm midrib parts……………………………………18 

Table 4-1 FAO standard value for chemical and physical composition of charcoal 

[7]………………………………………………………………………………………………………………………21 

Table 4-2 Results of analysis for Baladi palm midrib parts after carbonization………22 

Table 4-3 Results of analysis for Baladi palm midrib parts (raw material)……………..22 

Table 4-4 Baladi palm midrib and charcoal procedure regarding energy………………26 

Table 4-5 Results of analysis for Siwei palm midrib parts after carbonization……….29 

Table 4-6 Results of analysis for Siwei palm midrib parts (raw material)……………….29 

Table 4-7 Siwei palm midrib and charcoal procedure regarding energy………………33 

Table 4-8 Some typical charcoal experimental analysis results [7]……………………….36 

 



Introduction 
 

1 
 

Chapter 1 

Introduction 

The charcoal is the black carbon and ash residues, which come from animal or 

vegetation substances by removing water and volatile matter during slow heating 

in the absence of oxygen by pyrolysis process. 

Charcoal marketing shapes, the first lump charcoal is low ash, high calorific value, 

and ability to be used in many applications, the other briquette charcoal is high ash, 

medium calorific value, and ability to used in low energy applications. 

The charcoal applications are environmental, medical and industrial. The 

environmental applications are using the charcoal in soil amendment is 

considerably required, because it increases the carbon concentration in soil and 

reduces the emissions of green carbon gases. 

The medical applications with activated carbon mean that the carbon structure of 

the charcoal has a pore in low volume to do absorption of chemical substances. It 

acts as filters and has excellent health and medical benefits. 

The industrial applications have required the sulfur at low levels as much as 

possible to avoid environmental effects, the ash content at high to realize the most 

significant energy consumption, the stable pore structure, and chemical 

compatibility. Almost smokeless, because of its low ash content and chemical 

stability. 
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