

Exercises for Production Theory
1. A product can be manufactured with two different technologies. The first technology needs 5 million dollars of fixed investment while the second technology needs 10 millions of fixed investment.  Suppose the unit price of the product is 1 million. A production facility based on either technology will last for 20 years. The diffusion rate is 50% per annum. The discount rate is 3% per annum. What is the variable cost for each technology? What technology you will recommend to your CEO if she estimates market size to be 20 or 60? Please support your recommendation with calculated rates of return. 

2. Different pay for the same type of job in different kind of companies. Each employee’s performance affects the company’s performance. In general, larger or more established companies have higher fixed assets in tangible or intangible forms. Suppose there are two firms. To each employee, the values of the assets from the two companies are 60,000 dollars and 20,000 dollars respectively per year. Suppose the value of the product is 80,000 per piece and the output is 5 pieces per year. The base diffusion level is 80%. Which company is more willing to raise 10,000 on salary per year to reduce the diffusion level to 60%?  Assume the discount rate to be 3% and duration is 1 year. The gross profit can be calculated as (Value of product – variable cost)* pieces of product per year. 

3. Before cars became popular, the value of shopping is roughly 100,000 dollars per year in one area. After cars became standard transportation tool, the value of shopping becomes 1,000,000 dollars per year. Suppose the fixed cost of a general store is 100,000 dollars and of a supermarket is 1,000,000 dollar. The fixed cost of both general store and supermarket will be amortized over ten years. The diffusion rate is 55% and discount rate is 5%. Calculate the returns of general store and the supermarket when the values of goods are 100,000 and 1,000,000 dollars per year respectively. Explain why in the old days general store is more competitive while today a supermarket is more competitive.  Suppose the town is a resource based town. If the natural resource is depleted and population shrink. The value of shopping is reduced to 100,000 dollars per year again. In this case, which shop is more competitive, general store or supermarket? Explain why the term, competitiveness, is meaningless outside a proper context. 
4. A project will last for a period of time. During that period of time, market condition may change, rendering projects designed for highest return under original estimation of future market condition less profitable. Suppose, for a certain product, the initial estimation of uncertainty is 55% per annum and the total market size is 10. Assume product value to be 1, discount rate to be 8% per annum and the project will last for 10 years. The rate of return can be calculated from the following formula
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Find the level of fixed cost so the project will earn highest rate of return. After the project has been built, however, the new estimation of market uncertainty becomes 50% per annum and the market size becomes 15. With this new estimation, what is the new level of fixed cost for a project to earn the highest rate of return? But should we abandon the existing project and build a new project with higher fixed cost, after considering the sunken fixed cost from the existing project? 

5. The value of energy saving devices. A customer buy air-conditioning machine because she value the cool air. Assume, for simplification, a customer values one hour’s cool air in five years as 1000 dollars. Suppose there are two air-conditioning machines on the market. Each will last for five years. One, which is more energy efficient, is sold for 4000 dollars and the other, which is less energy efficient, sold for 1000 dollars. Assume the cost of energy consumption per hour for five years can be calculated from 
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Where S is the value of one hour’s cool air for five years, which is 1000, K is the cost of buying an air-conditioning machine. Suppose r and σ are 8% and 35% per annum respectively. The level of benefit of two machines can be calculated as
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Where H is the number of hours a family turns on air-conditioning each day. If a family turns on air-conditioning for two hours each day, which air-conditioning machine is more economical? If a family turns on air-conditioning for ten hours each day, which air-conditioning machine is more economical? Why energy efficient systems tend to use more energy instead of saving energy? Discuss the case of car use as well. 

6. The change of commodity prices often changes the amount of production of a certain commodity. Oil prices change dramatically in the last few years, and a lot of new exploration and production of oil is under way. Suppose the old and new unit prices of oil are 20 and 60 respectively. The fixed cost of production is 200, discount rate will be 10% per annum, diffusion rate 45% per annum, the project duration 15 years and the oil field contains 20 unit of oil. By calculating the rates of return at different oil prices, explain why one will not produce oil from the field when oil price was 20 and one will when the oil price is 60. 
7. In medieval days, discount rates were very high and in modern economy, discount rates are generally very low. To maintain low level of discount rates, it takes a lot of credit and legal agencies to inform and enforce, which is very costly. Explain why modern societies, which are of high fixed cost,  are willing to put up the high cost by working out the following calculation:


Assume there are two production systems, one with  fixed cost of 10 and the other with fixed cost of 5. Other parameters with the production systems are the same. Unit value of the product is 1, duration of the projects are 10 years and the level of uncertainty is 60% per annum. Find the variable costs of the two production systems when the discount rates are 0%, 5%, 10%, 15% and 20% respectively. Calculate the ratios of variable costs of two production systems at different levels of discount rates. 

Notes: It has been observed that fertility rates drop as living standard increases. Living standard can be thought as the level of fixed cost. From the theory of discounting, explain why fertility rates moves inversely with the living standard

8. A production system has fixed cost of 22, uncertainty level of 35% per annum. Assume the value of annual output is 1, the discount rate is 4% per annum. The project duration can be 30, 50 or 70 years. Calculate the variable costs and net present values of the project for project durations of 30, 50 and 70 years. Explain why it is unsustainable to increase lifespan indefinitely. 

9. When the size of a company increases and the business expands, the internal coordination and external marketing becomes more complex. This can be modeled with uncertainty, σ, as an increasing function of the volume of the output. Specifically, we can assume
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where σ0 is the base level uncertainty, Q is the volume of output and l > 0 is the coefficient. Assume the product value is 1, fixed cost is 5, discount rate is 10% per annum, duration of project is 10 years. Assume  σ0 is 30% per annum and l is 0.01. Calculate the return from the project when market size is 10, 15, 20, 25 and 30. Show that the project exhibit increasing return initially and then diminishing return. 
10. We try to understand how the cost of processing natural resources affects the structure and size of economic systems. We will model the increase of processing costs for natural resources through the increase of diffusion rate. Specifically,
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where σ0 is the base level of diffusion, which corresponds to the lowest cost in resource processing, Q is the total output of resources and l > 0 is a coefficient. The smaller l represents greater abundance of low cost resources. 

We set S =1, r = 0.05, T =15 and σ0 = 0.3. We will let l take the values of 0.0025, 0.005 and 0.01 to represent different levels of resource abundance. By maximizing net present value with respect to the fixed cost and volume of output at different values of l, we obtain the highest possible NPV from investment projects in different environments. From the above calculation, explain when resources are abundant and cheap, there is an economic incentive to increase fixed cost and market size to fulfil the possibility of a high rate of return. 
11. When the fixed cost of a company increases, the increased fixed cost can often help reduce uncertainty. This can be modeled with uncertainty, σ, as a decreasing function of the fixed cost. Specifically, we can assume
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where σ0 is the base level of uncertainty, K is the fixed cost and l > 0 is a coefficient. Assume the unit product value is 1, discount rate is 5% per annum, duration of project is 10 years. Assume σ0 is 10% per annum and l is 0.15. Calculate the return from the project when fixed cost is 4, 6 and 8. What is the pattern of return when the fixed cost is increased? (Insurance and its limitation)
12.  Assume the value of annual output is 1, the discount rate is 3% per annum. In one environment, the uncertainty level is 30% per annum. In another, the uncertainty level is 60% per annum. Please calculate the fixed cost of the investment and the duration of the investment in each environment that maximize the net present value. What are the resulting net present values? If the uncertainty level in the first environment rises to 60% per annum, what will be the resulting net present value for that project?  What conclusion you may obtain? 

Homework:   1, 4,  8;    9, 10, 11
� EMBED Equation.3  ���
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