Chapter 9.  ECONOMIC

The purpose of the economic analysis of a project is to determine whether the project should be carried out, from a financial perspective.  Of course other questions relating to sustainability, health and safety, environmental impact and others must also be considered before a final decision is reached.  In this chapter we restrict our attention to the financial issues.  We will be looking for a way to decide what it costs to produce a product, so that we can determine whether we can sell the product at an acceptable price.

This chapter addresses three area.

· The cost of making a product

· The cost of ownership

· An example – electric power generation

· The user’s perspective

· Another example – power from the sun

9.1 The Cost of Making a Product

Let’s start by considering some typical products, and how they come to be.  

Let’s build an automobile.  We start by building a manufacturing plant.  We then hire a number of employees, purchase raw or processed materials, and have the people put the pieces together to create the car.

Or, how about some electric power?  We build a gas-fired power plant, hire some people, and purchase fuel to run the plant.

Perhaps our product is a service, such as computer repair consulting.  We rent a building, hire some smart computer consultants, get in some telephone lines, and wait for the phone calls.

What does it cost to do these things, and what must we charge our customers in order to stay in business.  We need a way to think about costs.  Here is a start.

The cost of a product can be divided into fixed costs and variable costs.  Fixed costs are those associated with being in business, with being available to produce a product.  Variable costs are those that depend on how much product we produce.  Let’s use the power plant for an example.  The first thing we must do is to build the plant.  We then have the capacity to produce electric power.  But suppose that demand goes dry, and nobody needs electric power.  We still pay the price of owning the plant, including a skeleton crew to keep things healthy.  But now suppose that demand picks up.  Then we must purchase natural gas to run the power plant.  The amount of gas we use and pay for will depend on the amount of electric energy we sell, and are paid for by our customers.  The total cost of the gas varies, depending on demand or sales.  The cost of the gas plus any other costs that depend on usage, such as more employees perhaps, are variable costs.  The total cost of our product is the sum of the fixed and the variable costs.

The next question is this.  What does it cost to own something, to build and own that power plant, for example?

9.2 The Cost of Ownership

Power plants are expensive things.  (So are houses, manufacturing plants, skyscrapers, cruise ships, railroads, and so on.)  It may cost hundreds of millions of dollars to build that plant.  There is the concrete, steel, gas turbines, electric generators, cooling systems, pipes, vents, carpenters, laborers, accountants, lawyers, and on and on.  The vendors and the workers all want to be paid now.  So if you are to build this plant you will have to come up with those hundreds of millions of dollars.  A naïve argument might suggest that the power company is rich, they probably have the money in the bank.  Well, that may or may not be true, but it makes little difference.  Money is a very valuable thing, and it would be absurd not to account for its value.  A rather common approach to the matter is for the power company to go to a lender, and borrow the money, agreeing to pay back what it has borrowed with interest.  (This is exactly what you do when you buy a house with a mortgage.  The mortgager provides the money for the building of the house, and then you pay the mortgager back over time.)   If the power company happens to have a few hundred million in the bank it might well use that money to build the plant, but if it does not account for the value of the money in determining the cost of the electricity, then it has failed to charge the true price of the electricity.  A logical way for the power company to act would be to pay itself back with interest, just as it would have paid the mortgager.  Then, at the end of the life of the plant it would have its few hundred million back in the bank, and would have charged the customer an amount that took into account the monthly payments into its account, that is, that took account of the value of that work that it took to build the plant.

So, what is the value of money?  Again, this is like buying a house.  You borrow enough to acquire the house.  Then you spend perhaps 20 or 30 years making payments to the mortgager that includes interest on the loan and payments on the principle.  At the end of the term of the mortgage you have paid back all of the amount that you borrowed, plus the interest, and you own the house “free and clear”.  Suppose that you buy a house for $500,000.  Your monthly payments might be around $3,500 or so, depending on the interest rate, and the length of the load.  The $3,500 per month is your payment for the right to live in this house, to own it.  It’s your way of paying back all of those carpenters, bricklayers, painters, etc.

Let’s get down to hard numbers.  Just exactly how much must my power company or I pay back to the lender if the annual interest rate is i, expressed as a fraction (8% is i = 0.08), and the principle, the amount we borrow, is P.  Then, at the end of one year we owe the lender

     P + iP = P(1+i)

Now if we wish to pay the loan off in one year then we given the lender this amount.  But if we wish to pay off the loan over n years then we make an annual payment R that is just the right amount to pay off the interest and the principle in n years.  It is not difficult to show that the annual payment rate for any principle P and interest i is given by:
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As an example let’s see what would be your yearly and monthly mortgage payments on that $500,000 house for some different interest rates, assuming a 30 year mortgage.  

                            i                            R                               Rm

                         5 %              $32,500 per year        $2,710 per month

                         7                    40,300                        3,360

                       10                    53,000                        4,420

It is always nice to buy a house when interests rates are low, because it makes a great difference in that monthly mortgage rate.  Now, we must say here that the way of arriving at Equation 9.1 is not exactly the way that lenders do the math, but the differences are small, so that this equation gives quite accurate results.  (We hope that your natural curiosity led you to check our results or perhaps to try some other combinations.  Did you perhaps wonder how much your monthly payment goes down if you take out a 100 year mortgage?  Is that a good idea?  Hmmm!)

9.3 An Example – Electric Power Generation

How much does it cost to generate one kilowatt hour (KWH) of electric energy?  How much should you have to pay to run your toaster for an hour, or your TV for 3 hours, or that 100 watt light bulb for 10 hours?  This is an interesting example for a number of reasons.  First, it illustrates the economic analysis idea quite well.  Second, as new forms of power are proposed, such as wind and solar, for example, this gives us a way of comparing their costs with conventional systems.  Third, understanding this cost analysis will help you understand the highly complex societal debate that is going on today over how we generate and distribute electric power.  You will be a more informed citizen.

Before we start let’s be sure that you understand the difference between electric power and electric energy.  Power is the capacity to do work.  It does not imply that work is being done.  It is the same as with your car.  If you buy a 300 horsepower car, you have a vehicle with a great deal of power, a great potential for doing a lot of work in a short amount of time.  If you wish to accelarate from 0 to 60 miles per hour in 4 seconds, you will have to have a very powerful car.  But you do not do any work until you drive the car.  If it sits in the car it still is a powerful car but it isn’t doing any work, using any energy.

The power plant is the same way.  If you build a 100 megawatt (MW) plant, you have a powerful plant, but as long as it is not running, no energy is delivered to the customer.  It costs you money to own the plant, as it costs you money to own that car.  Those are fixed costs.  When you decide to run the car or the plant you must provide fuel to it.  Then it will deliver energy, and you will need to pay the variable costs of the fuel. 

Let’s use that gas-fired power plant to generate 100 MW of power.  The architects have designed the plant, and the low bid has come in at $340,000,000.  That’s $340 per KW.   The lender is willing to loan you the money at 6% over 40 years.  From Equation 9.1 it is seen that you will need to pay back the lender $22,800,000 per year.  We had better take out some insurance, and since this is a private plant we will have to pay taxes.  Maybe that adds $5,000,000 per year.  So, your total cost of owning this plant for one year is $27,800,000.  You are going to have to get your customers to pay for that.  Let’s see how much they will have to pay per kilowatt hour (KWH) just to cover the cost of owning the plant.

Let’s assume that there the plant has a duty cycle of 0.7.  That means that it runs 70% of the time on the average.  Since there are 8760 hours in a year, this plant runs for 6130 hours each year.  So, with a power of 100 MW or 100,000 KW the energy generated per year is power times time or 613,000,000 KWH.  Hence the cost per KWH due only to plant ownership is:

      $22,800,000/613,000,000 = $0.037/KWH = 37 mills/KWH

A mill is $0.001 or one tenth of one cent.  (Don’t confuse it with a mil.  That’s 0.001 inches, a thousanth of an inch.)

In addition to paying for ownership of the plant we also have to pay for the natural gas that is burned to produce each KWH of energy.   This is a variable cost.  Our accountants have determined that the average cost for fuel is 21 mills.  Hence the total cost for each KWH of energy is 58 mills or 5.8 cents.  We’ve left out a lot in this simplified example.  There are also costs of operation and maintenance, office costs, and a number of other things that we might have considered.  But these two factors are enough to give you the idea.

9.4 The User’s Perspective

We consumers also have fixed and variable costs for many of the things that we buy and use.  Let’s start with an automobile.  What does it cost you per mile?  Let’s assume that you buy a new car for $25,000, finance it at 4% over 5 years, and that you drive it 10,000 miles per year, for ten years, and then junk it.  From Table 9.1 the payment for each of the five years is 0.225x$25,000 = $5,625 for a total cost of $28,125.  If we spread this over ten years it costs us $2,812 per year to own this car.  Let’s assume that insurance costs $800 per year.  Thus the total fixed costs are $3,612 per year.  Since we drive 10,000 per year, the fixed cost per mile for ownership alone is $0.36 or 36 cents.  The government estimates today that the fuel and maintenance costs are 34 cents per mile, a variable cost.  Hence the total cost of driving the car for each mile is 70 cents.

Here’s another example.  Suppose that you buy a fan for those few really hot days each year.  Let’s assume a duty factor of 1%.  You pay $50 cash for it, and expect it to last for 20 years.  (Just out of curiosity, what would be the total cost of the fan if you put it on your credit card at 18%, and let the bill ride for three years?  Ouch!)  If we pay cash, and do not wish to account for the value of the cash, then it costs $2.50 per year to own this fan.  With a duty cycle of 1% we are using this fan about 88 hours per year.  Hence each hour of operation costs us 2.84 cents.  This fan draws 120 watts and so in one hour of operation the electric energy used is 0.12 KWH.  If the power company charges us 10 cents per KWH, the energy cost is 1.2 cents.  So the total cost of owning and running this fan is 4.04 cents per hour.

9.5 Another Example – Power From the Sun

With a bit of discussion of fixed and variable costs we are in a position to answer a question that one often hears.  Why don’t they just harness the free energy of the sun,  or the winds, or water, or tides, or geothermal steam, or ocean waves?  Well, actually we do.  We have lots of hydroelectric power, and a bit of each of the others.  But none of it is free because of the capital costs of the dams, the generators, the solar panels, geothermal steam processors, wind generators, etc.  These costs are not trivial.  It can be very expensive to own such plants, and that cost of ownership must be spread over the energy generated to determine the total cost of energy, exactly as we have done above.  Let’s walk through an example for a solar power system to go on the roof of your house.

The peak solar power incident on the surface of the earth (it is called insolation) is about 1,000 watts per square meter.  Solar cells today have an efficiency of around 15%.  So the electric power available is about 150 watts per square meter.  If you wish to generate 3,000 watts (3 KW) peak, you will need about 20 square meters, which is an area of about 12 feet by 15 feet.  This may well fit on your roof or in a good-sized backyard.  The installed cost of solar panels runs about $10 per watt (2003), or $30,000 for our 3,000 watt system.  This system does not have too high a duty cycle since it obviously does not operate at night, or on cloudy days, or when the sun is very low in the sky.  Let’s assume an average duty cycle of about 30%.  Hence the system operates about 2600 hours per year, producing a total of about 8,000 KWH.  If we borrow money to purchase the system at 5% interest over 10 years, making the assumption that this is the life of the system, we must pay the lender $3,900 per year.  This gives us a cost of 49 cents per KWH.  

This is quite a bit higher than the cost of energy from hydroelectric, fossil or nuclear plants.  So, while we are not using up nonrenewable resources, the cost of solar electric energy is higher than these competitors.  However, this does not suggest that it will continue to be higher.  There is every reason to believe that the cost of solar panels will come down, and the efficiency will go up.   At the same time the cost of nonrenewable fuels will no doubt go up, so that eventually solar power costs will be competitive with that of conventional sources.

There are many more issues that we could address here.  Let’s look at some of them briefly, leaving a more detailed analysis to your own studies.  The above analysis applies to solar power.  But the same kind of analysis might easily be applied to other forms of renewable energy forms, such as the wind, which has seen significant interest in recent years.  A problem that applies to both wind and sun is what one does when the sun does not shine or the wind does not blow.  One answer is to develop a storage system.  Another is to switch to a conventional source when the renewable is down.  Still another question is whether we apply an “environmental cost” to nonrenewables.  For example, suppose that someone who has a strong interest in the environment decides to install a solar power system even though it costs more then the conventional sources.  Such a person is essentially applying a cost to the environmental damage done by conventional plants, and is willing to pay that cost.
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