
Grant McQueen

(Revised) July 2007

Determining Cash Flows for Capital Budgeting
The cash flows often associated with an investment project may be classified according to the time in the project at which they occur.  The following table summarizes those cash flows, some of which are then explained in greater detail.

A.
Initial Cash Flows


Comments


    
(1)
Initial capital expenditures
The initial cash outlay includes all payments for land, (CAPEX)


buildings, equipment, parts, etc. needed to begin the        



project.  

(2)
Proceeds from sale

Cash inflows often arise when old equipment can be    

of old equipment

sold as a direct consequence of investing in the new





project.

   
(3)
Tax consequences from
Tax related cash flows from capital gains and losses


the sale of old


may result from sale of old equipment.


equipment






(4)
Overhead


Cash flows from absolute changes in overhead resulting from the investment decision are relevant; the reallocation of existing overhead is not.

(5)
Opportunity


Opportunity costs may arise if the land, building, or


costs



equipment used in the new project has alternative 






uses precluded by the project.

(6)
Sunk costs


Sunk costs are not included as a cash flow.  It may seem like they should be included if they are related to the project, but costs that have already occurred are irrelevant to the investment decision.

B.
Periodic Cash Flows 



(1)  
Additional 


Additional investment in land, buildings and 

capital investment 

equipment beyond the initial amount may be needed.  

(2)  
Net working capital 

Investment in net working capital may build up 

(NWC)


gradually over time.  By the end of an investment’s life most, if not all, of the net working capital will be recovered resulting in cash inflows.


(3)
Operating Cash Flow 

Operating cash flows are the after tax cash benefits 



(OCF)



associated with operating the new project including labor savings, efficiency savings, margins on additional volume, depreciation tax shields, etc.

C.
Cash Flows at Termination

(1)
Salvage or liquidation

The original investment may have some liquidation

value



value when the project ends.  Alternatively, some clean-up or reclamation may be required.
(2)
Tax consequences from
Tax consequences result if the project is sold for more 


salvage or liquidation

or less than book value.


(3)
Terminal value

When a project reaches maturity or a steady state, analysts may use one terminal value to proxy for the remaining life of the project (rather than projecting cash flows for each individual year).

A. Initial Cash Flows
Capitalized Purchase Price (CPP)
The initial cash outlay for an investment is often different from the "price tag" since many incidental costs are incurred.  Sales tax, transportation costs, and installation costs are examples of costs which, according to tax law, must be "capitalized" or added to the "price tag" of the investment rather than "expensed" immediately.  The capitalized purchase price is not only a cash outlay needed to start the project, but also represents the base amount used for depreciation.

Example:  CPP of new robot welding machine

Invoice price, gross



$100,000

Less:  2% discount for payment

within 10 days




      2,000
Invoice price, net



    98,000

State sales tax @ 8%



      7,840

Installation costs



      5,000

Transportation costs



      4,000

Enhancement or Repair costs prior to use

      3,000
  Total Capitalized Purchase Price

$117,840
Opportunity Costs

Much emphasis has been placed on the role of cash flows in capital budgeting decisions.  However, the cost of a resource may be relevant to the investment decision, even when no cash changes hands at all.  Opportunity cost is the maximum contribution that is foregone by using limited resources for a particular purpose.  Often the opportunity cost is difficult to estimate; however, if a resource is traded in the market, its opportunity cost is simply equal to the market price.  If the opportunity cost is too difficult to estimate, then the existence of the opportunity cost could be noted rather than quantified.

Example:  Unused Building

A new manufacturing operation will occupy an unused wing of the factory.  Although new equipment will be purchased, no cash will change hands for the acquisition of the building since the firm already owns it.  The wing could be sold to a local moving company as storage space for $100,000.  Should this market price of the building be included in the capital budget?  The answer is yes.  The building is not free‑‑it has an opportunity cost, which is the $100,000 cash it could generate for the firm if the manufacturing project were rejected and the wing were sold.  For capital budgeting purposes, treat the $100,000 opportunity cost as a "cash outflow" in year 0 even though no money changed hands.

Sunk Costs

The consequences of any decision regarding a course of action for the future cannot start before the moment of decision.  A past cost (sunk cost) is therefore irrelevant because it cannot be changed by any choice among alternatives for the future.

Example:  Sunk Marketing Costs:

Corporation XYZ is considering investing in a new product in its children's cereal division.  The product manager, Mary Stark, has spent $50,000 on  market tests to see if  "Chocolate Krunch" will sell.

The market tests are finished and Mary must now decide whether or not to introduce the new cereal.  Should the $50,000 expenditure be included in her NPV analysis?  The answer is no.  The money has been spent; it is a sunk cost and cannot be affected by Mary's decision.  The $50,000 expenditure is irrevocable and therefore irrelevant to the decision.

B.  Periodic Cash Flows
Net Working Capital

Net working capital is the difference between a company's short‑term assets and its short-term liabilities.  The principal short‑term assets are cash, accounts receivable, and inventories of raw materials, work in process, and finished goods.  The principal short‑term liabilities are accounts payable.

Most projects entail an additional investment in working capital.  This investment should, therefore, be recognized in the cash flow forecasts.  Purchase of inventory and investment in accounts payable do not show up in the income statement; consequently, they are not taxed.  By the same token, when the project comes to an end, the working capital investment can usually be recovered as inventory is sold down and credit sales are collected and recorded as a cash inflow.  At the end of the evaluation period, the working capital's value can be estimated by using the book value or, when appropriate, a market value.

Example:  Deluxe vs. Economy machine

The Deluxe machine will enable the company to sell $1,000 more widgets a year (above the amount the economy machine will allow) starting in 2007.  How does the higher sales level affect the cash flows resulting from changes in working capital?  Assuming constant relationships and using the percent-of-sales forecasting method, 2007 working capital can be anticipated:





      2006
      % of Sales in 2006  
 
    2007
Sales



  $10,000
           100%

         

$11,000

Cash



      1,000

 10%


 
    1,100

A/Receivable


      1,000

 10%


 
    1,100

Inventory


      2,000

 20%



    2,200
Current Assets          

   $ 4,000          
 40%          
         

 $ 4,400

A/Payable                

   $ 2,000       

 20%         


 $ 2,200
Net Working Capital
   
   $ 2,000

 20%

    

 $ 2,200

Increased Investment in W. C.      
   $  200  

(Cash outflow at time zero)

So, when the deluxe machine is purchased, $200 will be enlisted in working capital.  Should this $200 be included in the projects cash outflows?  The answer is yes.  Furthermore, when the deluxe project is over, the inventory and accounts receivable will be turned into cash (not replaced), the accounts payable will be paid off, and the $200 will flow back.

Warning:  Only the change in working capital is effected by the capital budgeting decision.  Using the above example, only the $200 is invested in working capital, not the $2,200.  Also, remember that typically the investment in net working capital builds up gradually over time.  Then, after the project reaches maturity, the working capital is gradually "freed‑up" as sales decline.  By the end of the investment’s life, most, if not all, of the net working capital will be recovered resulting in cash inflows.

Overhead
Overhead includes such items as electricity, gas, rent, and salaries of "non‑producing" employees such as supervisors, secretaries, or personnel vice‑presidents.  This type of overhead cannot be traced to specific products, yet the bills must be paid for somehow.  Typically accountants allocate overhead to products using a base such as machine hours or direct‑labor hours.

In evaluating projects, only the incremental cash flows associated with the new project should be included in the analysis.  Some projects do require additional overhead and therefore cash flows resulting from the changes in overhead should be included in the analysis.  Other times the amount of overhead is not affected by the project‑‑only the number of machine or direct‑labor hours change.  In this case, the change in overhead allocated to a particular product or decision is irrelevant to the decision since the total level of overhead is not affected.

Example:  Deluxe vs. Economy machine

McQueen & McQueen (M&M) are considering exchanging their Economy model packaging machine for a  new Deluxe model.  M&M has a large R&D department which dabbles in everything from new ethical drugs to a revolutionary method of producing synthetic oil.  The financial burden of the R&D department's budget is allocated to products based on direct‑labor hours.

The old Economy model requires five full time workers to operate.  The Deluxe model will require only one worker.  Conse​quently, if the Deluxe is installed, the packaging division will show a decrease in allocated overhead since fewer direct‑labor hours are needed.  Should this change of allocated overhead be included as a cash inflow?  The answer is no.  The R&D department’s budget will not change when the Deluxe is installed.  (Although no cash flow results from changes in overhead allocation, the labor savings would obviously be included in the cash flows.)

Operating Cash Flow (OCF)
In the standard capital budgeting framework, the net operating cash flow is calculated as if no debt is used in financing the investment.  Conceptually, the decision of whether to invest is separate from the decision of how to finance the investment.  Consequently, interest expense is not deducted from the cash flows.  The operating cash flows after taxes but before interest are available to pay both the debt and equity investors.

The calculation for operating cash flow (OCF) depends on the type of investment being considered.  Here we consider two types: (1) the purchase of a new machine and (2) the introduction of a new product line.  When purchasing a new machine that is part of a larger manufacturing process, the OCF comes from the machines cash benefits, including taxes.  The implicit assumption is that the new machine will not affect the revenues of the company.  I the machine’s savings come in the form of reduced labor, energy, or defects then one does not need to know the complete revenue and cost structure of the product. 

OCF 
=  Revenues – Cash operating expenses – Taxes



=  EBITDA – Taxes



=  EBITDA – tx (EBITDA – DEP&AMORx)



=  (1‑tx) EBITDA + tx (DEP&AMORx)




    (1)
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where

EBITDA
=  Earnings before interest, taxes, depreciation and amortization

DEP&AMORx = Depreciation and amortization used in tax calculations
 denoted by the 



     subscript x
tx

 = Marginal income tax rate (federal and state)
This formulation, equation (1), makes explicit that the benefits (cash) from, say, owning a new machine come from two sources: the machine itself, and the depreciation tax shield.

Since EBITx = EBITDA – DEP&AMORx, equation (1) can be written as:

OCF = EBITx (1-tx) + DEP&AMORx









OCF = NOPAT + DEP&AMORx





    (2)

OCF  ≠  Net Income + DEP&AMOR
,






where NOPAT stands for Net Operating Profit After Tax and EBITx  is the Earnings Before Interest and Tax that is report to the IRS for tax purposes (denoted by the subscript x).

Equation (2) is correct but it is often misinterpreted as a “rule of thumb” that cash flow equals Net Income plus Depreciation, (see the inequality following equation (2)).  This rule is true in only a limited way and needs two amendments.  In the determination of the cash flows and calculation of taxes, interest expense has not been deducted as is done in income statements.  The standard capital budgeting technique makes no distinction in the determination of the cash flows as to who provides the financing.  That is, this framework considers the debt holders to be investors just like the equity investors; both types of investors help buy the equipment or invest in the project.  The Appendix discusses the less-common technique of calculating cash flow for equity investors (sometimes called free cash flow), which includes interest expense and debt repayments.  So, the first amendment to the rule of thumb is Depreciation is added to NOPAT rather than to Net Income.  The second amendment to the rule is when calculating NOPAT and when adding back Depreciation and Amortization, tax-based measures should be used, not the depreciation and amortization used in annual reports. So, the “rule of thumb” should be that operating cash flow (OCF) equals net operating profit after taxes (NOPAT) plus depreciation and amortization used for tax purposes.  

OCF = NOPAT + DEP&AMORx  




(2)

One final point should be made.  We have considered all of the revenues and all of the expenses (except depreciation and amortization) to be in cash. Adjustments to net working capital will adjust for any sales made on credit or deferred expenses.  Consequently, when OCF is combined with changes in net working capital, the net effect will be as if all of the revenues and expenses were for cash.  

Example:  OCF Calculation for Purchase of a New Machine
Consider the new robot-welding machine introduced earlier in this teaching note.  The initial cash outlay for the machine was $117,840. The robot welder will save the firm $30,000 annually before depreciation for the next ten years because the machine uses less labor and reduces rejects.  The machine will be depreciated over ten years and have no salvage value.  No additional investment in NWC is required.  The firm requires a 13% rate of return on new machines and is in a 40% tax bracket.  Should the firm purchase the new robot?  To answer this question, the present value of all benefits must be compared to the costs.  The benefits are the cash flows from the machine which are illustrated below.

Income Statement Method

Operating Savings (EBITDA)



$30,000
  

Less Depreciation (SL over 10 yrs.)

   
 11,784
  

NOPBT





 18,216
  

Tax (40%)





  7,286



NOPAT





 10,930

 

Add Depreciation




 11,784

Operating Cash Flow from Robot


$22,714
In the above "Income Statement Method," depreciation is handled twice; first subtracted to find taxes, then added back to find cash flow.  A short cut method is to use Equation (1) and handle depreciation only once.

OCF 
= EBITDA (1‑tx) + (tx) DEPx




(1)

    
= $30,000 (.6)      + (.4) $11,784 

= $18,000             +  $4,714
= $22,714
This short cut method highlights the two types of savings generated by the new robot.  The robot saved first, $18,000, in after tax labor costs, and second, $4,714, in taxes (depreciation tax shield).  Alternatively, we could have used Equation (2), OCF = $10,930 + $11,784.  This $22,714 cash benefit comes each year for ten years.  To compare the cost of the machine with this yearly benefit, the present value of the cash flows must be found.


Using a business calculator set on 1 payment per year enter:  22,714 = PMT, 10=N, 13%=I, then push PV to get the answer, $ 123,251.  Alternatively, using Excel, enter PV(.13, 10, 22714, 0).

Now the question can be answered‑‑yes, the robot welder should be purchased because the present value of the benefits is greater than the costs.

Present Value of Benefits @ 13%

$123,251

Initial Cash Outlay



  117,840
Net Present Value



     5,411
The net present value is $5,411 with an IRR of 14.14%.

The above discussion and example is for the purchase of a new machine that would change only the company’s labor and depreciation.  In contrast, some investment projects, such as the launch of a new product, change a variety of accounts including revenues, labor, rent, and overhead.  In such cases, a complete proforma income statement, with adjustments to calculate cash flow, is needed to document the incremental changes associated with the new product.  Incremental cash flow are the change in the companies cash flows (investment, revenues, expenses, taxes, etc.) because the new project was launched.  Such a proforma statement may look like:

  Sales  
- Labor

- Raw Materials

- Rent

- Direct Overhead

  EBITDA

- Depreciation & Amortization

  EBIT

- Tax

  NOPAT

+ Depreciation & Amortization

-  Capital Expenditures

-  NWC

  Cash Flow

C. Cash Flows at Termination
Salvage Value

Cash flows associated with salvage value can actually arise in two ways.  First, at the end of the investment horizon the original investment may have some liquidation value.  Second, if new equipment is purchased to replace old equipment, the old is often sold at time zero.

Two cash flows occur when old equipment is sold:  cash inflow from the sale and a cash flow (in or out) resulting from the tax consequences of the sale.

Finding the total or net flow from salvage value involves the following four steps:

Steps:
(1)
Calculate the net‑book‑value (NBV), which is the capitalized purchase price (CPP) minus accumulated depreciation.


(2)
Find or estimate the salvage or market value (MV) of the equipment.


(3)
Calculate taxes:
tax = tx(MV-NBV)

where
tx = marginal income tax rate


(4)
Find the present value of the proceeds from the sale and the tax consequences of the sale.

Examples:  Salvage Value Cash Flows

If the market value (MV) of the asset being sold is less than the net book value (NBV), any difference is treated as a loss.

Example 1:

NBV > MV

NBV =    $600

 

    
  MV =    $200
 


    
             Loss =    $400

The $400 is a non‑cash loss.  If the equipment being sold is a depreciable asset used in business or trade, the $400 paper loss may be used to offset ordinary income to the corpora​tion.  The paper loss provides a tax shield benefit equal to the loss times the tax rate (assume 40%).

Capital Loss      
=
$400

Marginal Tax Rate 
=
  40%
     


Tax Shield        
=
$160
The total cash inflow from the sale of the old asset would be $360.

Market Value (MV)
= 
$200

Tax Shield         
=
$160
Total Cash Inflow      =
$360

If the market value of the asset being sold is greater than the net book value, any difference is treated as a gain as shown in Example 2.
Example 2:

NBV < MV 

 
    MV 

= 
$800

              


    NBV 
=
$400




                Gain

= 
$400
The company pays tax on the amount over the NBV it receives on the sale, and the gain is taxed as income.  The net result is that the firm does not get to keep the full amount (market value).

Gain         
= 
$400

Tax Rate     
= 
 40%
Income Tax   
= 
$160
The total cash inflow from the sale of the old asset in this case is $640.

Market Value (MV)   = 
$800

Less Income Tax        = 
$160 

Cash Inflow          

$640

Terminal Values
Many investment opportunities have finite lives.  A truck may last 6 years, a piece of equipment 10 years, or a new plant 40 years.  When possible, the cash flows should be calculated for each year of the investment's life.  The investment horizon should equal the life of the asset or project.

A problem arises in capital budgeting when the investment has an infinite life or has a life such that the manager finds it difficult, because of uncertainties, to forecast cash flows more than a few years.  With these types of investments the manager may pick an arbitrary investment horizon of say, 10 years.  The cash flows of the investment are calculated for only the first 10 years of the project.  However, completely ignoring all cash inflows beyond the arbitrary cut off point would result in sub‑optimal decisions biased toward short-lived assets.  Consequently, a surrogate for the cash flows beyond the investment horizon must be included.

A common method of estimating the value of the cash flows beyond the investment horizon is forecasting a "terminal" value for the project.  For example, an estimated market or salvage value of the investment at the end of the investment horizon could be included as a surrogate for the remaining cash flows.

Another approach for including cash flows beyond the cutoff is to estimate a constant long-term cash flow (annuity, a constant payment that last for n years, or perpetuity, a constant payment that last forever) and then find the value of the annuity or perpetuity at the investment horizon using the following formulas:

PV of Annuity:



PV of Perpetuity:

PV = (PMT) *  [ 1 ‑ 1/(1+i)n  ]

PV =  PMT/i

where PMT is the level of the annuity or perpetuity, respectively, and i is the discount rate.  Care must be taken in estimating the value of the cash flow, PMT.  The cost of replacements and maintenance must be netted out against the cash inflows in estimating the annuity or perpetuity.  

The important point is that when the investment horizon is shorter than the life of the investment, managers should make an attempt to include the cash flows beyond the cutoff by including a "terminal" value.

D. A Note On Accelerated Depreciation 
Depreciation receives special treatment in capital budgeting because it is a non‑cash expense and consequently reduces taxable income.  The tax shield (depreciation times tax rate) can be thought of as a cash inflow since it allows the company to keep more of its income.  Like all cash inflows, the sooner the depreciation tax shield is recognized, the more valuable it is.  

Consequently most U.S. businesses use the Modified Accelerated Cost Recovery System (MACRS), which is a method of recognizing the tax shield early.  MACRS classifies all depreciable property based on its ADR (Asset Depreciation Range) or expected physical life.  ADRs are usually quoted by midpoints.  In other words, a property with an expected physical life of 8 years will have an ADR midpoint of 4 years. Here are four common MACRS categories
:

  Category                Type of Property                   

1.
3‑year  
All property with ADR midpoints of 4 years or less such as equipment used 




in research.

2.
5‑year

Property with ADR midpoints of more than 4, but less than 10 years.  




(Automobiles, computers, some manufacturing tools, office equipment).

3.
7‑year

Property with ADR midpoints of more than 10, but less than 16 years.  




(Most manufacturing equipment and office furniture).

4.
10‑year
Property with ADR midpoints of more than 16, but less than 20 years.  (Special longer-lived equipment).

To determine the correct MACRS deduction, the depreciation base is multiplied by the appropriate percentage in the table.
	Year of
	
	Deduction Percentage for

	Ownership
	
	3-Year
	
	5-Year
	
	7-Year
	
	10-Year

	1

2

3

4

5

6

7

8

9

10

11
	
	33.33%

44.44 

14.82 

  7.41 
	
	20.00%

32.00 

19.20 

11.50 

11.50 

 5.76
	
	14.29%

24.49 

17.49 

12.49 

 8.93

 8.93

 8.93

 4.45
	
	10.0%

18.0

14.4

11.5

 9.2

 7.4

 6.6

 6.6

 6.5

 6.5

 3.3


Example:  OCF Using MACRS Depreciation

The MACRS recovery rates use the double-declining balance (200%) method of depreciation, switching to straight line when it becomes advantageous.  Additionally, the half-year convention is used; for example, 3-year property is depreciated over four years with "year 1" and "year 4" consisting of only six months of depreciation.  The robot welding machine introduced earlier had a tax depreciation base of $117,840 and would be considered 7‑year property.  The depreciation recognized for each year is:

Year of


MACRS           MACRS

    Ownership



  %  

Depreciation
   1



 14.3

  $ 16,839

   2



 24.5

    28,859

   3



 17.5

    20,610

   4



 12.5

    14,718

   5



  8.9

    10,519

   6



  8.9

    10,519

   7



  8.9

    10,519

   8



  4.5

     5,257

Operating cash flow under the accelerated depre​ciation rules is:



.4(DEP)

EBITDA (1-.4)

   OCF

1
6,736


18,000



$ 24,736


2
11,544


18,000



29,544


3
8244


18,000



26,244


4
5,887


18,000



23,887


5
4,208


18,000



22,208


6
4,208


18,000



22,208


7
4,208


18,000



22,208


8
2,103


18,000



20,103


9
0


18,000



18,000


10
0


18,000



18,000
Since the cash flows are uneven, finding the NPV of the project on a calculator is best accomplished using the cash flow setting or menu.  Typically, one would enter - $117,840 as the initial (time 0) cash flow, $24,736 as the first cash flow, $29,544 as the second cash flow, $26,244 as the third cash flow, etc.  One would next enter 13% as the interest rate, then push NPV for the answer:  NPV = $11,043 with an IRR of 15.49 %

In Excel, lay out the cash flows as follows:


The correct formula to calculate NPV is: NPV(.13, C2:L2) + B2.  Note that the initial cash flow is not included as a parameter in the NPV function.  Thus, by accelerating the depreciation, the net present value of the robot welder would increase by $5,632.


E.  A Note on Replacement Problems
When analyzing whether to buy a new machine that will replace an old machine, think incrementally.  Remember, any cost or expense that is expected to remain the same whether or not the new machine is purchased is irrelevant, and should not be included in the cash flows.  The reverse also holds true--any costs (even opportunity costs) that arise by purchasing the new machine are relevant.

Approach replacement problems by assuming for the purposes of the analysis that the new machine will be purchased now and the old machine will be disposed of immediately.  This way, a positive net present value (NPV) means buy the new machine; a negative NPV means do not.

Be aware of cash inflows in year 0 that arise from the sale of the old machine.  Likewise, be sure to calculate the tax consequences of any gain or loss on the sale of the old machine.  Although accounting gains and losses are not cash flows themselves, they do result in tax liabilities (in the case of a gain) and tax savings (in the case of a loss) that are real cash flows.

Also watch out for opportunity costs along the way.  For example, depreciation resulting from the new machine may be offset somewhat by the old machine's depreciation that is "lost" when it is sold.  Selling the old machine may also result in an opportunity cost in the final year if the old machine could have been sold then.  If the new machine is purchased, the old one won't be around in the final year to be sold.  Hence, any potential cash flow from the sale (as well as any tax consequences from the sale) is "lost."

Example:  Comprehensive Buy Decision

Suppose the new robot welder mentioned earlier can be purchased to replace an existing, older welding machine.  The older welder was purchased three years ago for a capitalized purchase price (CPP) of $90,000.  The old welder has been depreciated for the past three years using the straight-line method over nine years.  However, the old welder actually has an estimated economic life of 10 more years.  In other words, the old machine has a book life of only 6 years but could actually be used for 10 more years.

The new welder has a CPP of $117,840 and a useful life of 10 years.  The new welder will be depreciated, however, based on the MACRS method, as 7-year property.  The new welder will save the company $30,000 a year since it requires fewer laborers and reduces rework.  Buying the robot welder will require a one-time investment in additional inventory of $5,000.  Assume this incremental working capital investment will be recovered at book value in year 10.

In order to buy the new machine and get it up and running for $117,840, the company must contribute several pieces of scrap metal to the installation process.  The scrap metal has been sitting around in a company warehouse for months, so it can basically be acquired without an outflow of cash.  However, if the metal were not used in the installation of this new machine, it could be sold to a junkyard for $1,000.

If the new welder is purchased today, the old machine can be sold immediately for an estimated $65,000.  Alternatively, the old machine can be used for 10 more years then sold for $3,000.  Likewise, the new robot welder will have a salvage value of $10,000 in ten years.  The firm is in a 40% marginal tax bracket and uses a 13% discount rate.  The decision to buy the welder involves four steps.
STEP 1--Initial cash outlay (year 0)

Price (CPP) of new welder



  ($117,840)

Incremental net working capital investment
   
  (5,000)

Opportunity cost of scrap metal



  (1,000)

Cash from sale of old welder



   65,000

Tax liability from gain on sale of old welder
 
   (2,000)
Initial cash outlay




   ($60,840)

STEP 2--Operating cash flows for years 1-9

Incremental labor and material savings (ΔEBITDA) from buying the new machine are $30,000 each year.  The difficult part will be calculating the incremental depreciation for each year.  Remember, the new machine will generate depreciation according to the 7-year MACRS method.  But, by selling the old machine now, the company loses the chance to depreciate the old machine on a straight-line basis for 6 more years.  In other words, the old machine's depreciation becomes an opportunity cost.

First, calculate depreciation for the new $117,840 welder for each year.  Second, subtract the old machine's "lost" depreciation for each year to figure incremental or net depreciation.  Remember, the old machine has already been depreciated 3 years, so just 6 years remain.
	Year
	
	New Welder's

Depreciation
	Old Welder's Depreciation
	Incremental

Depreciation

	1
	
	$16,839
	$10,000
	$6,839

	2
	
	 28,859
	 10,000
	18,859

	3
	
	 20,610
	 10,000
	10,610

	4
	
	 14,718
	 10,000
	4,718

	5
	
	 10,519
	 10,000
	  519

	6
	
	 10,519
	 10,000
	  519

	7
	
	 10,519
	--
	10,519

	8
	
	  5,257
	--
	5,257

	9
	
	--
	--
	--

	10
	
	--
	--
	--


Next take the tax effects of both the EBITDA and the net depreciation (tax rate is 40%):


Incremental

Incremental

Incremental
Depreciation

 After-tax
     
Net

 Tax Shield

Cash Savings
  
Operating

Year

 (ΔDEP)(tx)  

(ΔEBITDA)(1-tx)
Cash Flow
 1

 $2,736

  $18,000

  $20,736

 2

  7,544


   18,000

   25,544

 3

  4,244


   18,000

   22,244

 4

  1,887


   18,000

   19,887

 5

    208


   18,000

   18,208

 6

    208


   18,000

   18,208

 7

  4,208


   18,000

   22,208

 8

  2,103


   18,000

   20,103

 9

      0 

   
   18,000

   18,000

10

      0


   18,000

   18,000

STEP 3--Cash flows at termination (year 10)

Net operating cash flow for year 10


     $18,000

Salvage value of new welder



      10,000

Tax liability from gain on sale of new welder

      (4,000)

"Lost" opportunity to sell old welder


      (3,000)

"Lost" tax consequence from sale of old welder

       1,200

Return of net working capital



       5,000

    $27,200

STEP 4--Net present value

Now that cash flows have been determined for each year of the investment, take the NPV at 13%:


0

1

2
...

8

9

10


     -60,840
    20,736
    25,544

        20,103
        18,000
      27,200

NPV at 13% = $54,763 with an IRR of 33.5%.

The NPV is positive.  This means that from a financial perspective, the new robot welder should be purchased and the old welder sold immediately.  If the company does so, it will be better off by $54,763.


A Final Comment on Rounding
Mathematically, net present values can be calculated with great precision.  This implied accuracy is misleading, however.  The only thing one can say for certain about forecasted cash flows is that they will be wrong.  Therefore, carrying the analysis to the mathematical precision that is possible is deceptive.  Liberal rounding of the calculation, particularly the final results of the capital budgeting process, is usually sufficient.
Appendix 
Cash Flow to Equity Investors

In valuing just the equity portion of an investment, debt holders are not considered as investors and interest is treated as an expense.  The cash flows to equity investors (called free cash flow) are different than those derived previously.  The residual cash flows to just the equity investors (CFe) would be:



        Cash


       Debt

        Operating

        
      Principal

CFe
= Revenues ‑ Expenses ‑ Interest ‑ Taxes ‑ Repaid

= EBITDA ‑ Interest ‑ tx(EBITDA – DEP&AMORx ‑ Interest) ‑ PRIN

= (1‑tx)(EBITDA ‑ Interest) + tx * DEP&AMORx ‑ PRIN
(A1)

Alternatively, free cash flow can be written using profit after taxes (PAT) since

PAT = (1‑tx)(EBITDA ‑ Interest)
(A2)

Substituting equation (A2) into equation (A1) gives 

CFe = PAT + DEP ‑ PRIN
(A3)

The two forms of the cash flow to equity investors in equations (A1), and (A3) are equivalent.  Each will give the same numerical value for the cash flow calculation.  Indeed, as is clear from equation (A3), the cash flow to equity investors is now equal to "profit after taxes plus depreciation" with an adjustment for any debt principal repaid.

Example:  Suppose the robot welder introduced earlier in the paper was financed with $50,000 debt at 10% interest with the principal to be paid back at the end of the 10th year.  Depreciate using straight line method over 10 years.  The initial equity investment would be

Initial Investment

$117,840

Debt @ 10%


  50,000
Equity Investment

$ 67,840
Using equation (A1), the cash flow to equity holders in the first nine years is:

CFe = (1‑tx)(EBITDA‑Int) + tx(Depx) ‑ PRIN




    = (1‑.4)(30,000‑5,000) + .4(11,784) ‑ 0

    = $19,714
In the 10th year, the cash flow to equity investors is ‑$30,286, because of the $50,000 principal repayment.  The cash flow to equity investors is summarized in the following diagram:


0

1

2
...

8

9

10


     -67,840
    19,714
    19,714

    19,714
    19,714
      -30,286

    Before discounting the cash flow to get the NPV for equity investors, an appropriate discount rate must be set.  Earlier in the paper, when evaluating the NPV of the whole asset, a 13% discount rate was used.  However, the equity holders are subject to greater risk than debt holders because debt is repaid first from cash flows, then equity investors get the residual value.

Setting the appropriate discount rate is beyond the scope of this teaching note.  In general, when discounting the operating cash flow, the weighted average cost of capital is used as the discount rate (in this example, 13%).  However, when discounting the cash flows to equity holders, the cost of equity is used as the discount rate.

For this example, assume the cost of equity is 20.63%.  (Note that the cost of equity will always be equal to, or greater than, the weighted average cost of capital).  Applying the 20.63% discount rate to the equity cash flows gives a NPV of $5,411 and an IRR of 23.41%.  Therefore, the robot welder yields a positive NPV to the equity investor and should therefore be purchased.



Note that the $5,411 NPV of the equity position equals the $5,411 NPV using the project's total cash flows.  This is as it should be.  Any positive value in the project is captured by the equity investors.  

Cash saved from depreciation & amortization tax shield








Cash saved from after-tax operations








     �The tax laws on whether a cost can be expensed in the current period or capitalized and written off over the life of the asset are very detailed.  For example, a "repair" after use is expensed but an "improvement or betterment" after use is capitalized.


    � Firms often use straight-line depreciation for reporting to shareholders but use accelerated depreciation for reporting to the IRS.  The difference in the two reporting methods gives rise to the “deferred income tax” account often seen in balance sheets reported to shareholders in annual reports.





     � When using Excel to calculate Net Present Value, one needs to subtract the initial cash out flow.  That is, in Excel the function =NPV actually calculates the present value, not the net present value.  For example, if the cash inflows were in range B2 to K2 in the spreadsheet, then the appropriate equation to find NPV is:  =NPV(.13, B2:K2) – 117840.





     �Losses can be carried back and forward in time against gains.





     �Four additional classes deal with real property.  The 15- and 20-year classes include land improvements, telephone lines, and sewer pipes, and are depreciated on a 150 percent declining method.  The 27.5- and 31.5-year classes include residential and non-residential real estate investments, and are straight-line depreciated.


� 	NPV (MACRS)			$11,043


		NPV (St. Line)			   5,411


		Benefits of Acceleration	   	   5,632





     �Be sure to include the opportunity cost of the metal.  Since the scrap metal could be sold for $1,000, it is not really "free."





     �		Market Value					 $65,000


Less NBV (90,000-30,000 Depr)		 (60,000)


Gain on the sale of old welder   	  		  $5,000


Tax Rate of 40%				      .4


Tax Liability					  $2,000





     �Since the new machine will be completely depreciated by year 10, the NBV will be 0.  Hence, the entire $10,000 salvage value will be a gain, and thus, will generate a cash outflow of $4,000 in terms of a tax liability.


     �The assumption of this analysis is that the new machine is purchased and that the old machine is disposed of in year 0.  Thinking incrementally, the company has lost the right to sell the old welder in year 10.  This is an opportunity cost, and is measured by the foregone salvage value of the old machine in year 10.  The "lost" opportunity is the same as a negative cash flow.





     �Just as the company is giving up the right to sell the old machine in year ten, it is also giving up the tax liability that the sale of the old machine would have generated.  Since the old machine would have been completely depreciated by the end of year 10, the entire salvage value of $3,000 would have represented a gain.  Therefore, the company is giving up the $1,200 tax liability that would have been caused by the sale in year 10.  Since the tax liability is foregone, the cash flow is actually positive.





     �Any change in net working capital caused by an investment decision will reverse itself when the investment ends.  In this case, the $5,000 worth of inventory that is tied up initially is freed up in year 10.





