
Fossil, Biomass, and Synthetic Fuels



Why do we care about heat engines?



Fuel (Thermal) Efficiencies of Current 
Power Technologies

Type Efficiency (%)

Steam electric power plant

Steam at 62 bar, 480oC 30

Steam at 310 bar, 560oC 42

Nuclear Power plant

Steam at 70 bar, 286oC 33

Automotive gasoline engine 25

Automotive diesel engine 35

Gas turbine electric power 
plant

30

Combined cycle electric power 
plant

43

Fuel cell electric power 45

Waste heat

U. S. electricity generation = 1.3 x 1019J/y

Assuming 40% efficiency = 8 x 1018J/y 
waste heat

Volume Lake Superior = 12,100 km3

T = ∆H/cm = 8 x 1018/(1.2 x 1016)(4.2 x 103)

= 0.16 oC



Location of World Coal Reserves



World Coal Production



Coal reserves for select countries. 
Relationship between industrialization, 
politics, and coal.



Formation of coal
• Time
• Temperature
• Pressure



Higher rank coals have higher heating value – more carbon, less water



Various coal mining methods and environmental impacts





















Hubbert curve

The prototypical Hubbert curve is a probability density function of a logistic distribution curve. It is not a 
gaussian function (which is used to plot normal distributions), but the two have a similar appearance. The 
density of a Hubbert curve approaches zero more slowly than a gaussian function.

The graph of a Hubbert curve consists of three key elements:
1.a gradual rise from zero resource production that then increases quickly 
2.a "Hubbert peak", representing the maximum production level 
3.a drop from the peak that then follows a steep production decline. 
The actual shape of a graph of real world production trends is determined by various factors, such as 
development of enhanced production techniques, availability of competing resources, and government 
regulations on production or consumption. Because of such factors, real world Hubbert curves are often not 
symmetrical.

https://en.wikipedia.org/wiki/Probability_density_function
https://en.wikipedia.org/wiki/Logistic_distribution
https://en.wikipedia.org/wiki/Gaussian_function
https://en.wikipedia.org/wiki/Normal_distribution
https://en.wikipedia.org/wiki/Hubbert_peak_theory




Formation of petroleum
• Source rock
• Reservoir rock
• Trap



Drilling oil wells



Oil refining













Oil shale reserves



Oil shale – extraction (mining or wells) and 
processing







Combustion Stoichiometry

• Coal: CH + 1.25O2 + 4.64N2 → CO2 + 0.5H2O + 4.64N2

• Oil: CH2 + 1.5O2 + 5.565N2 → CO2 + 1.5H2O + 5.565N2

• Gas: CH4 + 2O2 + 7.42N2 → CO2 + 2H2O + 7.42N2

Combustion of typical coal in 20% excess air:

CHS0.02N0.01 + 1.536O2 + 5.698N2 → CO2 + 0.5H2O + 0.02SO2 + 0.01NO2 + 5.698N2 + 0.307O2

Total number of moles of flue gas from the above reaction = 7.535

Volume fraction (mole) of 
the individual flue gas

N2 75.6%

O2 4.1%

CO2 13.3%

SO2 2654 ppmv

NO2 1327 ppmv



Rankine cycle – external combustion system that generates steam to drive a turbine.

Steps in Rankine cycle
1. Ambient temperature water pumped to high 

pressure and injected into a boiler
2. Water heated to boiling point
3. Water completely turned into steam
4. Heated further to a higher temperature
5. Steam flows through a turbine and generates 

mechanical power. There is a reduction in pressure
6. The low pressure steam leaving the turbine is 

cooled to an ambient temperature liquid.
7. Pumped back into boiler completing the cycle

Wt = H1 – H2 = ∆H = V∆P

A high-pressure high-temperature 
steam cycle is one in which steam T 
and P exceed the critical point of 
water. One can also superheat the 
steam to increase the efficiency. 
The thermodynamic efficiency for 
the Rankine cycle is between 30 –
45%



Otto Cycle – closed cycle versus the open 
Rankine cycle. Energy is generated internally 
through the combustion of a fuel. The process is 
considered to be adiabatic.

𝑛𝑡ℎ = 1 −
1

(𝑣𝑒/𝑣𝑐)
𝑐𝑝
𝑐𝑣
−1

vc = volume after compression stroke and ve = 
volume after expansion. 

Ideal 
efficiency ≈ 
44%
Real efficiency 
≈28%
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ሶ𝑚𝑓 =
𝑃

η𝑓(𝐹𝐻𝑉)

ሶ𝑚f = fuel mass consumption rate 
of an engine.

P = power output

ηf = fuel efficiency = ratio of the 
work produced to the heating 
value of the fuel consumed.


