CACHE Modules on Energy in the Curriculum

Hydrogen as a Fuel
Module Title: Hydrogen Production Cost
Module Author: Dr. Daniel A. Crowl
Author Affiliation: Michigan Technological University

Course: Stoichiometry, process design
Text Reference: Felder and Rousseau, Elementary Principles of Chemical Processes, 3rd ed., New York:  John Wiley and Sons, 2005.
Concepts: Production of hydrogen by steam reforming

Problem Motivation:  

If hydrogen is to be successful as a replacement fuel, it must be produced economically.  Unfortunately, we do not have a natural source of hydrogen – it must be produced from another natural resource.  One approach is to produce hydrogen from natural gas, which is mostly methane.

A simple screening method to estimate a minimum cost of a product is to consider the cost based entirely on the cost of the raw materials.  Of course, there are a lot of other costs, including the capital costs for the process, the utility costs, and indirect costs for labor, infrastructure, etc.  However, if the price of the product based on the raw materials is too high, then the approach selected will not be economical.

This problem will examine the production of hydrogen by the water gas shift reaction.  The cost of the hydrogen will be based on the cost of the single raw material, in this case natural gas.
Basic Definitions:
· Law of Substitution
A customer will not pay any more for a product than an equivalent cost for a substitute product.
· Profit Margin
Difference in cost between the price of a product and the price of the raw materials.
Problem Information

Example Problem Statement:

Hydrogen can be produced by the water gas shift reaction with the overall reaction shown below:

CH4 + 2 H2O ↔ 4 H2 + CO2

If natural gas is available for $4.90 per 1000 SCF (60oF, 1 atm), what is the price of the hydrogen based on the cost of natural gas alone?  Search the internet for a current price for hydrogen gas and compare to this price.  What other costs must be factored into the cost for the hydrogen?

Example Problem Solution:

Hydrogen can be produced by the water gas shift reaction with the overall reaction shown below:

CH4 + 2 H2O ↔ 4 H2 + CO2
If natural gas is available for $4.90 per 1000 SCF (60oF, 1 atm), what is the price of the hydrogen ($/kg) based on the cost of natural gas alone?  Search the internet for a current price for hydrogen gas and compare to this price.  What other costs must be factored into the cost for the hydrogen?

Example Problem Solution:

First, calculate the number of moles of methane in 1000 SCF of natural gas.
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By the stoichiometric equation provided, four moles of hydrogen are produced per mole of methane consumed.  Thus, the total hydrogen produced is (4)(2.64 lb-mole) = 10.5 lb-moles.

Convert to kg.
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The unit price is then,
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Bulk pricing for hydrogen gas is about $4 per kg of hydrogen, so the margin looks large enough to produce hydrogen by this method.

Some of the other costs were already mentioned.  Additional costs include waste disposal, maintenance, research, engineering support, administrative costs, labor and benefits costs, insurance, to name a few others.
Home Problem Statement: 
Consider the production of hydrogen from coal.  In this case the overall reaction is:

C + 2H2O (2H2 + CO2
If coal can be purchased at $64 per short ton (1 short ton = 2,000 lbm ), what is the cost of producing a kg of hydrogen?  Assume that the coal is 80 weight % carbon with a coal density of 833 kg/m3.  Coal also contains a few weight percent hydrogen – but we will not consider this in our calculation.
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