Economic Analysis

One of the terms in the crane performance equation is the “present cost” of the crane.  This term is included to introduce you to economic analysis.  

An engineering economic analysis generally includes assessing two kinds of costs: capital costs and operating costs.

Capital costs are one-time start-up expenses.  In the case of a crane, these would include the materials (aluminum and plastic here) used to build the crane and the cost of assembling it.

Operating costs are day-to-day expenses.  In the case of a crane, these would include the electricity and labor required to operate the crane.  Operating costs are usually tabulated as $/yr.

Capital Costs: The capital cost of the crane depends on how much aluminum and plastic you use.  You can start with the specifications in the following table:

	Property
	Value

	Cost of Aluminum
	$1.50 per kilogram

	Density of Aluminum
	2.65 kg/L

	Cost of Plastic
	$ ????????

	Density of Plastic
	0.95 kg/L


First, look at the cost of aluminum.  If you do the conversions you’ll find this means, even if you use the full 75 cubic inches of aluminum, that’s only a few dollars worth of aluminum.  However, when you build something, the raw materials are not the only expense- the process of assembly requires energy and labor.  A common technique in estimating capital costs is to determine the raw material costs, and then multiply by a factor to account for these other costs.  

In this project, you will assume that the purchased cost of the crane is four times the cost of raw materials (plastic and aluminum) used.   

So, in order to compute the capital cost of your crane, you’ll need to determine exactly how much aluminum and plastic you used.  But there’s still one other piece you’re missing- the cost of a kilogram of plastic.  In order to determine this, let’s look a bit at how plastics are made, using the most popular plastic in the world- POLYETHYLENE- as an example.  

This is ethylene:


H    H


 |      |


C = C

   
 |      |


H    H

Polyethylene is basically just what it sounds like- a whole bunch of ethylene molecules strung together.  There are several ways of making polyethylene from ethylene: examples include free radical polymerization, metal oxide catalysts, and coordination catalysts. 

However, when one does an economic or lifecycle analysis of a product, one can’t just focus on the last step in the process.  Polyethylene is not a naturally occurring compound, but neither is ethylene- it’s made by thermal cracking of saturated hydrocarbons like decane (C10H22), so one first has to consider the costs of making ethylene.  

Here are three possible reactions that occur when decane is cracked:


C10H22 (l)( 5 C2H4 (g) + H2 (g)


C10H22 (l)( C3H6 + 3 C2H4 (g) + CH4 (g)

C10H22 (l)( C5H10 (g) + 2 C2H4 (g) + CH4  (g)

(C5H10 is 1-pentene and C3H6 is propylene.)

Assume that when decane is cracked, ALL of the decane is consumed, and that the three reactions listed above each occur equally.  You can then use stoichiometry to calculate how many kilograms of decane must be cracked in order to produce one kilogram of ethylene.  

Thermal cracking of decane is a highly endothermic reaction.  This means energy must be added, and this energy is part of the cost of making ethylene.  (The synthesis of polyethylene from ethylene, on the other hand, is exothermic, so we will assume there is no energy cost associated with that step.)  Find the enthalpy of reaction for each of the three reactions listed above, and use these numbers to determine how many joules of energy are required to produce one kilogram of ethylene.  

Raw materials (decane in this example) and energy are not the only two costs involved in manufacturing plastic, but here we will focus on them.  You will assume that the cost of polyethylene is given by the following formula:


C = (50 cents/kilogram) A + (7 cents/megajoule) B

Where 
A = mass of decane required to make one kilogram of ethylene


B = energy required to make one kilogram of ethylene


C = cost of one kilogram of polyethylene
            

Operating Costs: For the purposes of this project, you will assume that your crane’s operating cost is $50/year, and that its lifetime is 10 years.  (Everyone will use these numbers, regardless of the amount of material used in their design.)  

So, $50 per year, for 10 years, that’s $500 in operating costs, right?  Well, not exactly, because we are going to account for the time value of money.  Simply put, $50 spent five years from now is not worth the same as $50 spent today.  (The reasons for this will be discussed further in class.)  Consequently, in an engineering economic analysis, we typically find the “present worth” of all money spent.  So, for example, if we think $50 in the year 2009 is worth the same as $40 today, then we’d say $40 is the “present worth” of the cost of operating the crane in 2009.  

The formula for present worth is:
P = F(1+i)-n
Where F=the amount of money spent in the future, P=the present worth of that money, i is the interest rate and n is the number of years in the future the money is spent.  For this project, you can assume that the interest rate is 10%, and that you will be spending $50 per year, for 10 years, with the first of the 10 payments coming exactly one year from now.      

The “present cost” of the crane is the capital cost, plus the present worth of the 10 years of operating costs.  

