CACHE Modules on Energy in the Curriculum

Hydrogen as a Fuel
Module Title: Energy Value of Fuels
Module Author: Dr. Daniel A. Crowl
Author Affiliation: Michigan Technological University

Course: Stoichiometry, process design, energy units
Text Reference: Felder and Rousseau, Elementary Principles of Chemical Processes, 3rd ed., New York:  John Wiley and Sons, 2005.
Concepts: Cost of energy and cost of fuel.

Problem Motivation:

The purpose of a fuel is to provide a source of energy.  The cost of the fuel depends on a number of factors.  This includes:  energy content, energy density, availability, ease of use, safety,  transportation costs, compatibility with equipment, to name a few.

This module will compare the price for alternative fuels based on the energy content.  Gasoline will be used as the primary fuel since most people are familiar with its cost and energy content.

Basic Definitions:

· Lower Heating Value (LHV) of a fuel

The enthalpy of combustion of a fuel based on water vapor as a product.

· Upper Heating Value (UHV) of a fuel

The enthalpy of combustion of a fuel based on liquid water as a product.

· Law of Substitution
A customer will not pay any more for a product than an equivalent cost for a substitute product.

Problem Information

Example Problem Statement:

If gasoline costs $2.80 per gallon, how much would a kg of hydrogen cost to deliver the same amount of energy?

Data:  
Gasoline energy content:


44.4 MJ/kg



Density of gasoline:



720 kg/m3


Hydrogen enthalpy of combustion (LHV):
-241.8 kJ/mole

Example Problem Solution:

If gasoline costs $2.80 per gallon, how much would a kg of hydrogen cost to deliver the same amount of energy?

Data:  
Gasoline energy content:


44.4 MJ/kg



Density of gasoline:



720 kg/m3


Hydrogen enthalpy of combustion (LHV):
-241.8 kJ/mole

Example Problem Solution:

Gallons are a volumetric unit.  Convert one gallon of gasoline to an equivalent volume:


[image: image1.wmf]33

33

3.78510 m

(1 gallon)3.78510 m

gallon

-

-

æö

´

=´

ç÷

èø


Next, use the density of gasoline to convert to mass:
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The total energy content of this gasoline is:
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The equivalent amount of hydrogen to provide the same amount of energy is:
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In terms of hydrogen mass,
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Thus, the price for hydrogen, based on an equivalent amount of gasoline energy, is $2.80 per kg of hydrogen.  It is interesting – and coincidental – that 1 gallon of gasoline is equivalent to 1 kg of hydrogen.
Based on the Law of Substitution, a customer would be reluctant to pay more than $2.80/kg for hydrogen to replace gasoline.  A quick search of the internet will show that hydrogen gas costs more than this, typically $4/kg.
Home Problem Statement: 
Estimate the equivalent gasoline price for the following fuels.  Compare to the current price.
	Energy Source, unit
	kJ/unit
	Density 

kg/m3
	Price per unit

6/2010

	a. Natural gas, 1000 SCF @60oF, 1 atm
	1.05 MM
	Ideal gas
	$4.90

	b. Bituminous coal, broken, short ton
	25.3 MM
	833
	$64

	c. Electricity, kWh
	3600
	-
	$0.088

	d. Ethanol,  kg
	26,800
	789
	$1.70 /gallon


2nd Draft
D. A. Crowl
June 25, 2010

Page 3

_1339240830.unknown

_1339240832.unknown

_1339240833.unknown

_1339240831.unknown

_1339240829.unknown

