
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 

Tel. +962 6 535 5000 | 22888  

1 

  
Dr.-Eng. Zayed Al-Hamamre 

 
 

Fuel and Energy 

Coal 
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Content 

 Formation of Coal (Coalification) 

 Demands  

 Reserves 

 Side effects  

 Utilization and processing 



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 

Tel. +962 6 535 5000 | 22888  

3 

 Accumulation of land plant material 

 Reducing conditions – coastal and inland swamps 

Formation of Coal (Coalification) 

 Organic accumulation is greater than 

destruction (because of reducing conditions) 

 Organic matter builds up to form peat 

 Peat is compressed to form lignite – brown coal 

 Lignite is compressed and volatile compounds 

are lost to form bituminous coal – soft coal 

 Bituminous coal is further compressed and 

heated to form anthracite – hard coal 
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Coal – what is it? 

65-95% C 

2-7% H 

<25% O 

<10% S 

1-2% N 

20-70% Char 

5-15% Ash 

2-20% H2O 

20-45% VM 

 Inhomogeneous organic fuel formed mainly 

from decomposed plant matter. 

 Over 1200 coals have been classified. 

Time, Temperature 

Coal Rank 

 Coalification forms different coal types: 

(Peat) 

Lignite 

Bituminous coal 

Anthracite 

(Graphite) 
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Classifying Coal 

 Coal classification is performed using : Chemical analyses and calorific determination.  

1. The chemical analyses: 

i. The proximate analysis gives the relative amounts of moisture, volatile matter, ash (i.e., 
inorganic material left after all the combustible matter has been burned off), and, 

indirectly, the fixed carbon content of the coal.  

ii. The ultimate analysis gives the amounts of carbon, hydrogen, nitrogen, sulfur, and 

oxygen comprising the coal. 

2. The calorific value, also known as heating value, is a measure of the amount of energy that a 

given quantity of coal will produce when burned. 

 The grade of coal refers to the amount of mineral matter that is present in the coal and is a 

measure of coal quality.  

 Sulfur content, ash fusion temperatures (i.e., measurement of the behavior of ash at high 

temperatures), and the quantity of trace elements in coal are also used to grade coal 
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 Because moisture and mineral 

matter (or ash) are extraneous to the 

coal substance, analytical data can 

be expressed on several different 

bases 

Analytical Data Presentation 
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Rank of Coal 
 The degree of coal maturation is known as the rank of coal and is an indication of the extent of 

metamorphism the coal has undergone. 

  Rank is also a measure of carbon content as the percentage of fixed carbon increases with 

extent of metamorphism 
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Rank of Coal 

Comparison of heating values (on a moist, mineral-matter-free basis) and proximate analyses of coals of 

different ranks. 
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ASTM Coal 

Classification by 

Rank 

Rank of Coal 
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International Classification/Codification Systems 



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 

Tel. +962 6 535 5000 | 22888  

11 

 Fossilized, condensed carbon-rich 

fuel 

 

 10 X  reserves of oil/gas,  

 last 200 years at present rate 

 

Coal 
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Distribution of recoverable coal reserves in the world 
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Coal Sources 

• Coal is the world’s most plentiful fossil fuel. 

• Recoverable world coal reserves are estimated at about 1X1012 tons. 

32%

29%

12%

8%

7%
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United States

Russia

China

Australia

Germany

South Africa

Poland

World Coal Reserves (1989) 
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World Coal Reserves 
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World Coal Reserves 
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World Coal Reserves 
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 We use 109 tonnes of coal per year, so the U.S. supply alone could last as long as 250 (1500) 

years at current rate 

 Using variable rate model, more like 75–100 (400–600) years – especially relevant if oil, gas 

are gone 

 This assumes global warming doesn’t end up banning the use of coal  

 Environmental concerns over extraction also relevant 

When will coal run out? 
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Coal mines 

Surface (strip) mine Underground (shaft) mine, 
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Coal cheaper, but polluting 
 

coal May 
 has high-sulfur content, more 

expensive to mine 
 

 has low-sulfur content, cheaper 
to mine 
 

 But mining in semi-arid area 
more damaging to land. 
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Heat value of coal types 

 Anthracite  

 

 Bituminous 

 

 Subbituminous 

 

 Lignite 

 51% of U.S. use 

in coal 
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Energy lost from coal 
 

 
 
 10% lost on transmission line 

(stray voltage)  

 65% lost in power plants 
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Effects on health 
 

• Black Lung Disease 

    (miners) 

 

• Respiratory  illnesses 

    (public) 
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Effects on land 
 

Coal sludge releases  

Hardpan at strip mines 

Huge water use 
Slurry pipelines Mountaintop removal 
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Effects on air 
  

 Greenhouse gases 
– 3/4 sulfur dioxide, SOx 

– 1/3 nitrogen oxides, NOx 

– 1/2 carbon dioxide, CO2 

 
 

 Toxics, Trace metals 
– Mercury 
– Uranium 

 

 Particulate matter 

 Organic compounds 
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Acid rain 
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Acidity of rain  

 
 

 pH of 6.0 
• Kills insects, crabs 

 
 pH < 5.0 

• Kills fish, trees 
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Sources of Nitrogen Oxides 
 

 
• Nitrogen oxides and sulfur 

dioxide create acid rain 
 

• Tall stacks deposit farther 
 

 

Transport
ation
Electrical
plants
Other

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 

Tel. +962 6 535 5000 | 22888  

28 

Carbon Oxide 

C + O2                   CO2 

 Almost 99% of C in coal is converted to CO2. 

 In order to lower CO2 emission levels, coal power plants will have to 

leave steam-based systems (37% efficiency) and go towards coal 

gasification technology (60% efficiency). 

 Meanwhile, CO2 sequestration is being tested. 

C + ½O2                   CO 

 CO is minimized by control of the combustion process (air/fuel ratio, 

residence time, temperature or turbulence). 
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Particulate Matter 

 PM composition and emission levels are a complex function of: 

1.  Coal properties, 

2.  Boiler firing configuration, 

3.  Boiler operation, 

4.  Pollution control equipment.  

Bottom Ash Fly Ash 

 In PC power plants, since combustion is almost complete, the emitted PM is primarily 

composed of inorganic ash residues. 

Particulate Matter 

is a fine powder made up of hollow 

ferroaluminosilicate particles enriched with 

Ca, K and Na,  
is uncombusted granular material, similar to 

concrete sand, that settles to the bottom of the 

boiler.  
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PM controls (AP-42, EPA) 

Mainly post combustion methods: 

 

 Electrostatic precipitator 
(ESP) 

99% (for 0.1>d(m)>10) 
<99% (for 0.1<d (m)<10) 

Fabric filter (or 
baghouse) 

As high as 99.9% 

Wet scrubber 95-99% 

Cyclone 90-95% (d(m)>10) 
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Trace metals 

Class 1 

Elements that are 

approximately equally 

concentrated in the fly 

ash and bottom ash (Mn, 

Be, Co, Cr) 

Class 2 

Elements that are 

enriched in fly ash 

relative to bottom ash 

(Ar, Cd, Pb, An) 

Class 3 

Elements which are 

emitted in the gas phase 

(mainly Hg). 

Control of total particulate 

matter emissions 

Collection of fine 

particles. 
Sorbents ??? 

CONTROL 

FORMATION 

Concentration of metal in coal, physical and chemical properties of the metal,  

combustion conditions. 
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Organic Compounds 

 Include volatile, semivolatile and condensable organic compounds either present in 

the coal or formed as a product of incomplete combustion. 

 Characterized by hydrocarbon class: alkanes, alkenes, aldehydes, alcohols and 

substituted benzenes. 

 The main groups of environmental concern are: 

1) tetrachloro- through octachloro- dioxins and furnans. 

2) Polycyclic organic matter (POM).  

 Emissions dependent on combustion behavior in the boiler (air/fuel ratio, residence 

time, temperature or turbulence). 
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Sulfur in coal (<10%) 

Organic sulfur (40%) 

 Chemically bonded to the hydrocarbon matrix in the forms of thiophene, thiopyrone, 

sulfides and thiol.  

Inorganic sulfur (60%) 

 Imbedded in the coal, as loose pyrite - FeS2 or marcasite, and calcium/iron/barium 

sulfates.  

 Sources of sulfur in coal: Seawater sulfates, Limestone 
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Coal-S (CS, S2, S, SH) 

char 

COS, CS2 H2S 

SO SO2 SO3 

O2, M 

-SO4 

SO2 molecule 

radicals 

SOx Formation 
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SOx reduction 

 Pre combustion removal: 
– Physical cleaning (30-50% removal inorganic sulfur) 
– Chemical and biological cleaning (90% removal organic sulfur) 

 Combustion configuration: 
– No benign sulfur species! 
– gasification combined-cycle systems (IGCC systems) 

 Post-combustion removal: 
– Wet Flue Gas Desulfurization (FGD) (80-98%) 

 In situ sulfur capture: 
– Dry Sorbent Injection (DSI) (50%) 
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Nitrogen in Coal (1-2%) 

Name Structure ~ Relative 
amount 

Stability 

Pyridine1 15-40% 
 

More stable 

Pyrrole1 60% Less stable 

Aromatic 
amines 

6-10% Stable 

N

N
H

NH2
·· 

·· 

 1Including structures made up of 2-5 fused aromatic rings. 
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Main NO Mechanisms 

1. Thermal NO 

2. Prompt NO 

3. Fuel NO: volatiles-NO and char-NO 

Thermal NO (Zeldovich mechanism)  

N2 + O  NO + N  

N + O2  NO + O  

 Strong temperature-dependence: >1300-1500°C 

 Not a major source of NO in coal utility boilers. 
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Prompt NO 
N2 + CHx  HCN + N + …  

N + OH  NO + H  

 Prevalent only in fuel-rich systems. 

 Not a major source of NO in coal utility boilers. 

Main NO Mechanisms 

Fuel NO (-N in volatiles) 

Fuel-N   HCN/NH3  
volatiles 

(formation) 

(destruction) 

HCN/NH3 + O2 

N2 

NO 

NO + HCN/NH3 

 The major source of NO in coal utility boilers (>80%). 
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Char NO (-N in the char) 

Char-N + ½O2  NO 

Char-C + NO  ½N2 + Char(O) 

(formation) 

(destruction) 

[char-NO = ~25%] < [volatiles-NO = ~75%] 

Main NO Mechanisms 

Combustion controls: 
1. Modification of combustion configuration: 
 Reburning 
 Staged Combustion (air/fuel) 

Post combustion controls: 
1. Injection of reduction agents in flue gas. 
2. Post-combustion denitrification processes. 

NO Reduction 
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Reburning 

devolatilization 

volatiles 

char 

homogeneous 

combustion 

heterogeneous 

combustion 

CO2, H2O, NO… 

Excess air 

CO2, H2O, NO… 

CO2, H2O, N2… 

CHi· 

CHi· + NO  HCN 

HCN + NO  N2 + … 
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Staged Combustion 

devolatilization 

volatiles 

char 

homogeneous 

combustion 

heterogeneous 

combustion 

CO, CO2, H2O, N2… 

Fuel Rich 

CO, CO2, H2O, N2… 

CO2, H2O, N2… 

O2 
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NOx control options(from AP-42, EPA) 

Control Technique NO Reduction Potential(%) 
Overfire air (OFA) 20-30 
Low Nox Burners (LNB) 35-55 
LNB + OFA 40-60 
Reburn 50-60 
SNCR 30-60 
SCR 75-85 
LNB with SCR 50-80 
LNB with OFA and SCR 85-95 

(Selective Non Catalytic Reduction) 

(Selective Catalytic Reduction) 
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Coal scrubbers 
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Coal scrubbers 
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Carlyle 
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Gasification Activities 
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Simplified Schematic of Gas Path Systems 
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What is Coal Gasification ? 

 The process of gasification is the conversion of carbonaceous fuels into gaseous product that 

has a useable heating value 

 Gasification is NOT combustion as the gas released from combustion has no useable heating 

value 

 The definition includes the processes of pyrolysis and substochiometric partial oxidation 

 Can be applied to solid, liquid and gaseous feedstocks 
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What is Coal Gasification ? 

HHV ~13,000 Btu/lb 

 Starting point: Coal 
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What is Coal Gasification ? 

 Product: Combustible Gas (Syngas) 



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 

Tel. +962 6 535 5000 | 22888  

51 

 Products: 

Why is Coal Gasification Important ? 
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Why is Coal Gasification Important ? 
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Status for Gasification 


