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COST-BENEFIT ANALYSIS

Economics 437 / Economics 837 
Spring 2005

Instructor: Glenn P. Jenkins
Problem Set 1 


Due May 10 @ 17:00 hrs

Timing and Scale

1.  TIMING

A small firm is considering the feasibility of purchasing a personal computer together with an assortment of software packages. The firm is faced with three different scenarios and is analyzing whether or not to undertake the investment now or later.

In year 0, the capital costs (microcomputer and software) are $21,000 and the learning costs are $14,000.

The benefits of purchasing a computer all come from the time saved. These benefits grow because real wages are expected to grow at 0.03 per year.



Benefits in Year 1



$2,000



Discount rate




 5%

Assume that this computer investment will generate benefits over a sufficiently long time horizon so that the NPV would be positive if the computer investment was undertaken immediately (Year 0).

SCENARIO  I :

The expected growth rate of computer costs (capital costs plus learning costs ) is 0.

SCENARIO II:
This is similar to Scenario I, except that the following parameters change:


Expected annual growth rate of learning costs 

    3%


Annual growth rate of capital costs of hardware 


and software






 -15%

SCENARIO III:
Again, this is like Scenario I, except for the following changes:


Expected annual growth rate of learning costs 

    3%


Annual growth rate of capital costs of hardware          
 
-75%


and software

Questions:
For each of the three different scenarios calculate the followings:

1.
The optimal year in which to undertake the investment;

2.
Change in NPV (if any) if it is implemented in the optimal year rather than in year 0;

3.
Using one graph for each scenario, show the optimal year to start the project.

HINT :

You may want to construct the following two line items in your spreadsheet:

1) The opportunity cost of capital expenditures (r*K(t));

2) Sum of the benefits foregone and the change in capital costs incurred by postponing the project by one year (B(t+1) + [K(t+1) – K(t)].

2. SCALE

The state of Kalali plans to open the new mine of copper in the region of Garam. The discovery of copper in the region will resume and boost the economic growth of the state. The exploitation and the processing of the mine of copper requires a significant amount of electricity which is not currently available.

To provide electricity to the site of new mine, the state of Kalali has considered two options. The first option is to build a thermal plant on the site of the mine. The second option is to connect the new mine of copper to the interconnected grid. 

After evaluation of the two options, the second option was chosen because the cost of own generation exceeds the purchase price of electricity from Pahari Power Corporation (PPC), the electric utility of the state of Kalali. In anticipation of that future demand of electricity PPC is considering the construction of a hydro plant since the state of Kalali has abundant hydroelectric resources.  

The technical division at PPC has been collecting hydrological data on all potential hydroelectric sites since 1965. After a careful geological study of three alternative sites, the department has selected the Garam site as the most suitable, based on its geological and hydrological characteristics. 

The Garam site offers different capacity choices. These choices vary in scale, type of equipment and installation costs. The technical department has conducted detailed engineering and costing studies for several different dam heights to determine the optimal scale for the dam.  As a result of these studies, the technical department has found that the total construction cost is a function of the height of the dam. The relation between the construction cost and the height can be approximated by the following equation:

Total construction cost
(millionRs)=C0+15.28625*H+0.00005775*H3.543         (1)

where parameters C0 = 843.5, and H = Dam Height

The annual total energy generated by the dam can be calculated by equation (2):

Energy generation (in GWHs) = G*Q*H*E*D*PLF/1000000                               (2)

Where,

G = unit weight of water = 9.81 KN (kilonewton)/m3
Q = average water flow = 47.3 m3/sec

H = hydraulic head = 155 meters (this value varies, it is 155 for base case)

E = genset efficiency = 0.86

D = duration = 365 * 24 hours

PLF = plant load factor = 0.6
Notes : 

1 Dam height and hydraulic head are not the same. For simplicity, hydraulic head, which is the difference between head race and tail race levels is taken equal to dam height in this exercise.

2 The relationship between unit of energy and Kw is :


1 KW = 1 kilonewton meter / sec

Peak Power Ratio (PPR):  PPC has two different electricity prices. The electricity price during peak hours is 4.2 Rs per kwh, while the off-peak power price is 1.75 Rs per kwh.  Because hydro generation is flexible when the flow of water is adequate, hydro power plants can be used during peak and off-peak hours. Hence, the higher the peak power ratio, the higher the sales revenue from hydro generation. The energy generated is constrained by the season, the type of the dam (run-of-river versus storage), the operation requirement, the capacity installed, and therefore the PPR value can be modified within certain technical limits.
   The following equation calculates the value of one kilowatt hour of electricity generated by a hydro plant 

(PPR) * (peak power price/kwh) + (1-PPR) * (off-peak power price/kwh).

Other parameters:


Discount rate :  


            
12%


Operating & maintenance per year:            0.5 % of capacity cost


Residual value of assets:


no residual value at the end of project.

Questions

Different approaches were used to find the optimal scale (height of the dam) of the project.  The first approach suggests the Internal Rate of Return criterion while the second approach opts for the use of the net present value.  After inconclusive discussion regarding which approach to use, a third party suggested the use of the marginal NPV and marginal IRR to choose the optimal scale of the dam.  Your task is to reconcile the three methods and calculate the optimal scale of the dam. For this purpose:

1)
Construct a cash flow table for the dam using the base case values of 155 meters for effective dam height and 0.45 for PPR.  Calculate the NPV and IRR.

2)
Calculate the NPV and IRR  for the project at various scales with increments of 5 meters from 50 meters  to 210 meters.  Also calculate the NPV and IRR for each incremental investment (i.e. MNPV and MIRR).  Then answer the following questions:

  
  (a)
At the base case PPR of 0.45, at what scale is the NPV at its maximum? 

  (b)
At the scale in (a), what is the NPV of the incremental investment?

  (c)
Would the result differ if either IRR or MIRR were the selection criterion?

3)
Draw a chart to show the relationship among NPV, MNPV, IRR, MIRR and discount rate.

Hints

(1)
The evaluation of a hydro project normally requires the analysis to have a 50 years span.  For this exercise, construct your cash flow with a 12 years span (year 0 to year 11). The construction period ends in year 0.  Use the present value of a constant cash flow at year 11’s real value to represent the remaining cash flow for the next 39 years.

(2)
To obtain the NPV and IRR of the incremental investments (MNPV and MIRR), subtract the annual net cash flows for scale n from the annual net cash flows for the next scale (n+1).










� Present value as of year 0.


� If changing PPR involves changing installed generation capacity, the action will affect the total construction cost.  In some cases, it would not affect the construction cost.  For simplicity, we shall assume that PPR can be changed without affecting the construction cost.
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