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Warning: Not being a qualified tax advisor, financial planner or certified accountant, I provide 
this to acquaint you with the basic terms and concepts associated with borrowing, investing, 
capital budgeting and ownership costs. Seek advice from qualified professionals before 
making major financial decisions or transactions, such as purchasing a practice. Although I 
took engineering, MBA, and grad school classes in this many years ago, I admit to not using 
the information nor to following my advice. If you spot errors or points needing clarification, 
please let me know. No endorsements are intended or implied in the following. 

Introduction 

The independently wealthy satisfy their want for the newest digital technology, big green machines, 
new vehicles and high value replacement stock irrespective of return from that capital investment. For 
the rest of us, to justify a business investment we need a reasonable expectation of recovering the 
capital investment, ownership, and operating costs, whether it is a Utrecht fetotome, a fiberoptic scope, 
an ultrasound, a practice vehicle, advanced training for a specialized procedure or developing a new 
client service. To remain in business, a business must generate sufficient cash over the short run to meet 
its immediate obligations (liquidity), such as paying salaries, and a sufficient return on investment over 
the long run (solvency) to justify its continued existence. Although many purchase equipment and make 
other investments with little more than the hope that things will turn out okay, the following is useful 
for reducing uncertainty and putting numbers on hope.  

Because businesses use these methods frequently, many books are available and the internet has 
everything from background information to spreadsheets to on-line calculators to on-line courses. With 
the caveat that locations change frequently and that I’ve not assessed their content for accuracy, I’ve 
embedded URL’s as entry points to further information and provided more in the additional information 
section. 

Axioms of Finance: (modified with apologies to AJ Keown et al.) 

1. The time value of money (TVM) is the key – A dollar received or spent today is worth more than 
a dollar received or spent in the future. As part of their intertemporal choice to delay 
consumption, people expect compensation for using (borrowing) their dollar today  

2. Compounding grows exponentially – What is beneficial for lenders is painful for borrowers; 
starting money growing sooner pays off for investors and stopping it from growing sooner pays 
off for borrowers 

3. The risk-return tradeoff – Most financial decisions require evaluating an uncertain risk-return 
tradeoff involving the future and we won’t undertake additional risks of future loss unless we 
expect to receive additional future compensation.  

4. Risks are not equal - Some risks can be mitigated and some not, predicting risk is difficult, and 
informed diversification reduces risk. Insurance protects against the risk of a major catastrophe 
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by averaging (pooling) the cost across similar at-risk entities, a larger proportion at high risk 
increasing the cost to the pool and a larger proportion at low risk decreasing the cost.  

5. Cash is King – Because cash are what a business reinvests, cash flows rather than accounting 
profits measure value. Liquidity is key when “stuff happens (SHTF)” such as a severe economic 
downturn. Accounting “profits” are susceptible to jiggery-pokery for making recent numbers 
look good to part the naive from their money 

6. Incremental cash flows –Only those cash flows that would change because of the decision count 
in the analysis of the decision 

7. The curse/benefit of competitive markets – Profits in excess of their risk premium don’t exist 
long because competition moves in to exploit the gap, requiring either product/service 
differentiation or cost reduction to remain competitive. Whether competitive markets are a 
curse or a benefit depends on whether you are a seller or a buyer 

8. Efficient capital markets – Markets are quick and the prices are right (providing access and 
trading costs are low, supply and demand information is readily available, many traders are in 
the marketplace, and the economy is stable). Financial markets exist because people use 
borrowing and lending to adjust their consumption over time (intertemporal choices). 

9. Taxes complicate decisions – taxes complicate personal and business financial decisions 
10. The agency problem – People have difficulty acting in the best interests of others, particularly 

for both parties in a transaction, unless their interests are aligned. To work in your best interest, 
individuals need “skin in the game” that aligns their interests with yours. Because professionals 
(e.g. lawyers, accountants, brokers) cannot fairly represent the opposing interests of both 
parties in a transaction, having them do so is likely penny-wise and pound-foolish for one of the 
parties. The interests of real estate, insurance, lending, broker, and manufacturers agents are 
often in conflict with yours and the law does not require them to fully disclose these conflicts 
beyond their fiduciary responsibilities. Independent insurance brokers and financial planners are 
often paid commissions for the products they market to you, reducing their independence 
unknown to you. Employees who have a stake in a business beyond a salary are more likely to 
act in ways more favorable toward that business. 

11. You get more of what you measure / acknowledge / reward – transparency and feedback 
reduce the agency problem 

12. The employee salary 50% gap – An employee’s direct cost to a business ~1.25 x their salary and 
they net ~0.75 of their salary 

13. Ethics are challenging - ethical behavior is doing the right thing, ethical dilemmas are 
everywhere in business, and determining what is right and what is wrong beyond fiduciary 
duties established in the law is difficult 

14. Plan, plan – Without a plan fewer good things happen over the long term; get started planning 
and then implementing the plan sooner rather than later 

15. Aphorisms:  
• “Don’t put all your eggs in one basket” – Diversifying is a basic strategy for mitigating 

risk, whether investing in the stock market, the bond market, or forming a family  

http://en.wikipedia.org/wiki/Intertemporal_choice
http://en.wikipedia.org/wiki/Fiduciary
http://en.wikipedia.org/wiki/Fiduciary


• “There is no such thing as free lunch” – “free” things have strings attached somewhere, 
some how. Always! Violations of the basic laws and principles only occur in the short 
term and never without compensation in the long term. 

• “If it sounds too good to be true, it is” – Often what appears to be magic is sleight of 
hand. Knowledge of typical risks and typical returns is the best protection. The long run 
return to money from low risk investment is 3 to 4% over inflation with considerable 
random variation in the near term. Forgetting or not knowing this enables Ponzi 
schemes such as Bernie Madoff's and accounting scandals such as Enron and WorldCom 
to occur. 

Background 

Due to unavoidable uncertainty about future business factors, both business-specific (e.g., value of a 
service to clientele, demand for a service) and the external business environment (e.g., interest rates, 
regulatory changes, tax law changes, and economic trends and events), ownership decisions are 
complicated. For example, is investing in the specialized equipment and training to provide a particular 
service likely to pay off? How much of the service will clients consume at a price that you can afford to 
provide it? For seasonal services, how much capacity is optimal? When will advancing technology and 
standards of practice likely make current equipment obsolete? What level of technology is sufficient? 
Should you buy two smaller ones or one big one? Should you buy new (higher depreciation, lower repair 
costs, newer technology) or used (lower depreciation, higher repair costs, older technology)? Laser 
printers cost more than inkjet printers but have lower operating (per page) costs. When is the best time 
to trade your current practice vehicle on a new one? Trade-in decisions are complex because rising 
expected repair costs with use (high mileage or tachometer hours) offset declining ownership costs due 
to the length of ownership (unit is fully depreciated) compared to the ownership and operating costs of 
a new or used replacement unit.  

Some costs and benefits are intangible, money is only the way of keeping score of some of the tangible, 
and there is more to life than money. Larger pickups cost more but may be safer in crashes than smaller 
ones. A clean crew-cab pickup can haul the family more comfortably than a conventional cab. An aged 
pickup is more likely to leave you a-foot in the middle of nowhere in the middle of the night than a new 
one. Brand new or flashy equipment and old or beat-up equipment present a different image to your 
clients than does modest, up-to-date, well-maintained equipment. Having your office in a business 
building costs more than having your office in your home. The former one reduces family interruptions 
(clients assume that because you are there already, you won’t mind the Sunday interruption) while the 
other increases family time (your kids can at least watch you do book work even if you aren’t giving 
them your full attention). 

Your business goal is to allocate your scarce resources (time, money) to those activities with the best 
prospects for the best returns, whether in your business or outside of it. Business management includes 
these decisions. Finance is establishing asset worth and managing money flows (funds), particularly 
investing and financing (“debt”), between the business and financial firms (e.g., banks, stock brokerages, 
lenders). Managerial or corporate finance is the business component. Accounting (“bookkeeping”) is 
the method for keeping track and occurs in several forms. Tax accounting is required for settling up with 
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you silent business partner, Uncle Sam, and is the main reason small business owners use accountants. 
For tax purposes, agricultural producers often use cash accounting rather than accrual-basis (double-
entry) accounting, the latter giving a more accurate financial picture of the business. Because equipment 
purchasing and expensing options have tax implications, consult a certified public accountant before 
purchasing major items. Financial accounting provides a structured outline of how the business has and 
will make money. It tracks debits and credits of historical business transactions, such as between the 
practice and its clients (accounts receivable), its suppliers (accounts payable) and its financial 
intermediaries (e.g., banks, stock brokers, lenders), and produces financial statements (e.g., balance 
sheet, cash flow statement, income statement) and financial ratios (e.g., liquidity, solvency, profitability 
and turnover ratios) for evaluating general business health. Lenders often require historical and pro 
forma (projections based on assumptions) versions of these statements. Because this information is 
used by stakeholders outside the business who have legal recourse, these reports usually follow 
Generally Accepted Accounting Principles (GAAP). Managerial, management or cost accounting is used 
internally to determine, track and allocate the future within business costs of doing business, and to 
project the cost of goods sold or services provided. Because this information is used within the business 
(the business owners can only fool themselves), standards are not established. Capital budgeting is that 
component of managerial accounting dealing with equipment and project investments with cash flows 
expected to occur over more than one year. Examples are decisions about whether you should purchase 
one or the other in the first place, which of two services you should provide, whether you should expand 
or contract a service, whether you should buy or lease, when you should sell or replace equipment, and 
the minimum you need to recover per year or per procedure to recover your equipment costs.  

Due to opportunity, interest, inflation, and risk, the value of money changes with time such that a dollar 
in hand today (present value) is worth more than a dollar tomorrow (future value). For making 
comparisons, basic financial mathematical TVM (time value of money) formulas are used to adjust 
future time effects to a common baseline time point, usually the present. The calculations can be 
performed by hand using tables, with financial calculators, with on-line applets, and with spreadsheet 
financial models. For the purposes of identifying good textbooks, these methods fall within the farm 
management component of agricultural economics, the capital budgeting component of financial 
modeling and are the whole of engineering economics (economy).  

Although the mathematics are straightforward, omitting or double counting a cash flow or including a 
pseudo-cash flow may lead to decision-changing mistakes. Having several verified examples of analyses 
that resemble your decision situation is wise. Achieving the same results from entering these numbers 
into your spreadsheet model or several on-line calculators verifies that you are doing the analysis 
correctly, that you can mimic their analysis process for your situation and that the tool is performing 
correctly in that instance. Be careful; many spreadsheets (and likely on-line calculators and 
publications) contain serious errors (Powell, Baker and Lawson, 2008) and many examples are 
simplified for instructional purposes.  

The power of spreadsheet models is the ease of performing sensitivity analysis and “what if?” scenario 
analyses. What happens if inflation rises rapidly? If fuel price triples? If clients consume only half of the 
amount of service you are projecting? What is the benefit from adding a technician to increase 
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throughput (e.g., cows/hour)? Understanding the consequences of uncertainty is important because 
single estimates imply misleading precision and small changes in critical variables may have big effects. 
The worst case scenario consequences may be so severe (e.g., bankruptcy) that the investment risk 
exceeds your risk tolerance for undertaking it even though the average scenario is profitable.  

Base the amount you charge on the value of the service to your client, not on your cost of providing the 
service. If clients value a service less than your cost of providing it, you have four choices. Either reduce 
your costs, acknowledge that your other services are subsidizing this service, exit this service market, or 
change client perception of its value. Marketing is the process of ensuring that clients value your service 
correctly, particularly if they are underestimating its economic value to them.  

Asides 

Agricultural producers face similar decisions. Larger tractors pull larger implements than smaller 
tractors, covering ground quicker so that field operations are more timely and the labor cost per acre is 
less. On the other hand, the initial investment is larger and the fuel costs per hour are higher when the 
larger tractor is used for tasks that a smaller tractor could do equally well. Newer tractors are less likely 
to breakdown than older ones. Breakdowns at critical times reduce yields and crop value but trading too 
soon increases ownership costs. Below what production level is replacing a mature cow with an un-
proven heifer economically beneficial? Veterinary recommendations to producers often involve 
equipment and facility investments that have ownership and operating costs, such as changing feed 
mixing equipment to improve consumption, upgrading milking machines to improve udder health, or 
changing cattle handling facilities to improve safety. 

Just as livestock operations are comprised of related enterprises (e.g., forage production, replacement 
rearing, mature herd production unit) that should be analyzed on their own merits, you will make better 
decisions if you analyze the enterprises within a veterinary practice on their own merits. For example, 
when considering building a clinic, considering it as a real estate enterprise may lead to constructing a 
less expensive but more general purpose commercial building that generates a higher return on 
investment than a special purpose, higher cost building because it is more flexible, more saleable and 
less impacted by obsolescence. 

Business ownership provides the opportunity to shield personal income by including as business 
expenses for tax purposes items that are only indirectly business-related. For example, if you use your 
practice truck to pull a fishing boat 400 miles to hot fishing spots every free weekend during the fishing 
season, you can likely split the ownership and operating costs with your partner, Uncle Sam, by not 
breaking out vehicle operating expense. However, for business management you will make better 
decisions and have a stronger business if you allocate truck expenses more in accordance with its actual 
usage. On the other hand, if your business is structured as a sole proprietorship or partnership your 
personal and business net worth are commingled, which complicates your financial decisions. Should 
you pay down your student debt or invest in equipment, both of which have different tax 
consequences? Managing a partnership over the long haul is difficult, leading to the old adage that 
“partnerships are the only ships that don’t float.” In contrast to sole proprietorships and partnerships, 
forming a limited liability company (LLC) or incorporating places a firewall between your business and 
your family, limiting business financial obligations and legal liabilities to the business.  
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These methods are applicable to personal financial decisions, such as borrowing and spending now vs. 
saving and spending later, choosing the best saving options for future expenses such as a child’s college 
tuition, selecting the best loan instrument, determining if you should refinance a home mortgage, 
evaluating the effect of using a home equity line of credit in place of consumer debt, the benefit from 
consolidating loans, and so on. Because the first responsibility of lenders and real estate agents is to the 
seller, not to you as a borrower or buyer, you at least need to know the right questions to ask, such as 
what is the net present value of this loan with all the costs included. For more information on 
mortgages, see “The Mortgage Professor’s website.” Because compounded returns compound upon 
themselves, “paying yourself first” by investing a percentage of your income when you have any (or 
allowing debt interest to compound) is a must. Many personal finance experts suggest investing at least 
10%, some as much as 15%, of your personal gross income, first maximizing any employer-match in a 
401K plan, the maximum contribution to a Roth IRA and the balance in an un-matched 401K plan. 

Key Concepts and Definitions: 

Capital budgeting: the process of identifying and selecting capital investment opportunities 

Capital investment: Long term assets. The business’s investment in capital assets, which are 
generally tangible and intangible assets that have an economic life longer than a year such as 
land, buildings, facility, vehicles, major medical equipment 

Working capital: Short term assets, accounts receivable, cash on hand. Money invested in inventory, 
such as pharmaceuticals, minor repair parts, and disposable items that are expected to be used 
up and replaced within a year. 

Capital “project”: the set of investments contingent upon each other, such as new equipment, 
facility modifications, additional training, and increased working capital (e.g., expanded 
inventory of drugs and disposables), required for providing a new service (or producing a 
product) 

Project types: 

• New service that requires purchasing equipment or diverting of existing equipment or 
other resources, such as professional labor, from their current use, which incurs the 
opportunity cost of doing something else less 

• Expansion of a current service that requires reallocation of scarce resources, such as 
professional time 

• Replacement of an equipment item (e.g., current practice truck, imaging machine) that 
changes costs but does not affect revenues 

• Investment is mandated by a regulatory agency, such as OSAH, EPA or a state agency 

Project dependence: 

• Independent – cash flows including are not related to any other project and thus have 
no opportunity costs, which is a rare situation 

• Mutually exclusive – acceptance of one precludes the acceptance of another 
• Contingent – project cannot occur without the acceptance of another 
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• Complementary – investment in one increases the cash flows of another 

Costs are two general types, fixed or variable: 

Fixed costs: Remain relatively constant whether the equipment sits on shelf, is used some or a lot, 
and little or a lot of business is done.  

Overhead costs: Fixed costs of doing business (e.g., liability insurance, utilities, building 
depreciation, property taxes, accounting fees, receptionist salary) that are incurred. Because 
they are not uniquely associated with a specific service or procedure, they have to be 
apportioned among services or procedures on some arbitrary basis. 

Two salary thumb rules - an employee typically costs an employer 25% more than the 
employee’s gross salary (employer’s contributions to benefit plans, social security, 
Medicare, workman’s compensation, and so on) and an employee typically nets (“takes 
home”) 75% of their gross salary after taxes, Social Security, Medicare and benefit plan 
deductions. 

Variable costs: Occur in proportion to use, such as per page printed, per procedure performed, per 
hour, per head, per acre, or per mile, and are allocated to each procedure performed or unit 
produced. Zero if no production or service occurs. 

Shutdown price: Price below which variable costs are not covered and the service should not be 
provided or the product produced. Above this price, some contribution is made toward the 
fixed costs but the business is loosing money as long as total costs are not covered. An 
example is when a crop is not harvested because the market price is below the variable 
harvest costs (e.g., fuel, hired labor). 

In a long enough run, all costs are variable and controllable, in a short enough run all costs are 
fixed and uncontrollable.  

Looking at it another way, costs differ in the ease with which they are attributable to a source or cause 

Direct costs: Costs directly traceable to a service, activity or source 

Indirect costs: Costs not directly traceable to a source and are placed in overhead 

Costs have values relative to time – historical (occurred in previous periods - sunk), present (occurring 
this period), future (occurring in future periods): 

Sunk costs: Historical costs (costs already paid or owed), such as purchase cost, interest costs 
already incurred, and repairs made, that require exceptional circumstances to change (e.g., 
bankruptcy, default, legal judgment) and that do not impact current or future decisions. Money 
already spent, such as on buying a stock, a vehicle or equipment owned beyond the “full refund” 
date, repairs already done, conferences already attended. Decisions to keep, get out, shut down 
or sell are based on estimates of current sale value and future performance, not historical sunk 
costs. Investment decisions are all about the future, not the past.  



Because of their knowledge of sunk costs people often hold onto things that have declined in 
value, such as stocks, hoping they will recover their historical value while an impartial 
observer examining future prospects would conclude they should be sold. 

Opportunity cost: Income that would have been received if a resource (e.g., professional or staff 
time, money, land, facilities, equipment) had been used in next best or current option but can’t 
be because of resource limits if this investment is made or continued. If the resource effectively 
has no alternative use and is currently idle, it has little opportunity cost. If less of another 
currently offered service will be sold if this alternative is implemented, that loss is an 
opportunity cost. Wiki 

Cash flow (CF): Flow of money or its equivalent is positive (into the business - revenue) or negative 
(out of the business - cost).  

Cash flow type: Cash flow can occur at a single time (e.g. equipment purchase), as uniform 
series over time (e.g. mortgage installment payments, paycheck to salaried employee), as a 
linear gradient series over time, as a geometric gradient series over time (e.g. tax effects of 
depreciation, compounding interest), or as an irregular series cash flow (e.g. revenue from 
clients).  

After tax CF:  Cash flow after adjustment for the tax consequence using the business 
marginal tax rate 

After tax CF = Net Profit * (1 – marginal tax rate) 

Receipt: Cash flow into the business 

Revenue (Gross receipts, Gross Profit): Receipts a business receives from its normal 
business activities, such as providing service to clients for a period (e.g., month, quarter, 
year)  Wiki 

Net profit: Total revenue – total costs for a period (e.g., month, quarter, year) 

Be careful of these numbers because a large inventory reduction (working capital 
reduction) or selling a major asset without replacement inflates are one time events 
outside of truly normal business events that inflate receipts for that period. 

Expenditure (disbursement): Cash flow out of the business 

Investment: The process of generating income 

Interest: The income from an investment; “rent” for loaned money 

Capital (Principal): The sum of money generating the income 

Single payment (lump sum): Single cash flow now or in the future 

Uniform series: Series of equal cash flows that occur at regular intervals 

Annuity: A defined stream of cash flows for a fixed number of periods, such as installment 
loan payments, that may be uniform, linearly changing or geometrically changing. 
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• rate – Excel financial function for determining rate of an annuity 

Perpetuity: A constant stream of cash flows without end. A perpetuity of $30 per year 
requires a low risk investment of ~$1,000.  

Cash flow diagram (chart): Plot of the cash flows for a capital project. Type, size, identity, and timing 
of cash flows over time with cash flows are indicated either by vertical arrows, up for positive 
and down for negative, with length roughly proportion to their amount, the amount with a “+” 
sign for revenue or a “-“ sign for disbursement, arranged along a horizontal timeline from the 
present to the most future value with tick marks at steps equal to the analysis intervals (periods, 
which are usually a year). 

Discounted Cash Flow: A cash flow converted from its value at the future time it is expected to 
occur to its equivalent value at the present time. 

Incremental cash flow: A cash flow that changes (increases or decreases) when a particular 
decision alternative is selected or when another unit of product or service is provided 
(marginal cost and marginal revenue). Incremental costs are key to business decision 
making. Beware of allocating fixed costs to units and then subsequently treating them as 
variable costs when the number of units provided changes. 

The with-without principle: Will the cash flow occur if a project is selected? Will the cash 
flow occur if it is not selected? If the answer to both questions is the same (both yes or 
both no), then the cash flow is not differential (e.g., different between the options) and 
thus not incremental 

By convention, all cash flows within a period are treated as occurring at the end of the period 
and a common period length for business decisions is one year. The current time is period 0, 
the first period 1 and so on, each period being equal in length. When other periods are used, 
such as for loans, remember to adjust the effective interest rate accordingly. Be careful of 
MACRS depreciation, which is treated as occurring mid-period. 

Startup costs (first cost): The front-loaded costs of starting a new service before it reaches a net 
positive cash flow. These might include additional training, equipment investment, increased 
drug inventory, and providing reduced-fee service to initial clients while developing procedures 
and improving service efficiently. Because the learning curve follows an exponential curve, a 
team will perform their 50th procedure in considerably less time than their 5th but in not much 
more time than their 500th. Should the 5th client pay more than the 50th and the 500th? 

Cost basis (purchase cost): Invoice price, sales tax, shipping cost, installation costs including 
facility modifications and one-time permit, testing and inspection fees. 

Time to breakeven: The time at which the investment begins making a profit or “cash flowing”. 
Heifers don’t begin making a profit until after their first lactation, new employees until after 
some experience and so on. Because of the variation in how breakevens are calculated and 
because the amount of profit is not included, comparing breakeven points is not as reliable 
as net present value comparisons. 



Time value of money (TVM): The effect of the interest rate and the passage of time on the value of 
money, which enables money to have earning power. The mathematical TVM formulas relate 
five factors – Future value (FV), present value (PV), number of periods (N), payment amount (A), 
and rate (df). The rate is decimal (e.g., 0.08) in the formulas but may be entered as a percentage 
(e.g., 8%) in spreadsheets and calculator functions. Knowing four of the five factors enables 
solving for the fifth.  Wiki  TVMCalcs.com 

A common error is comparing dollar values from different times without converting them to 
the equivalent values at a common time or treating all values as if they have the same 
risk (using the same discount factor) when they don’t. An example is comparing 
expected annual living expenses as a current value with how much principle will be 
available at retirement as a future value. For correct comparisons, all values must 
converted to the same time basis, such either now (present) or at retirement (future). 
Depending on the risk and type of cash flow, different discount rates are used.  

Discount factor (df): The factor for converting a money value from one time point to the 
equivalent money value at another time point, the base of which is (1 + 𝑑𝑓)𝑁 for one 
dollar. The df used depends on whether the cash flow is a business cash flow, a financing 
cash flow (loan), a tax-related cash flow or is adjusted for inflation only (money is just sitting 
under a mattress). Prior to calculators and spreadsheets, textbooks included extensive 
tables for different interest rates, periods, periodic or continuous compounding and 
relationships (e.g., single payment, equal payments, sinking fund, uniform gradient). 

• (1 + 𝑑𝑓)^𝑁 ≡ (1 + 𝑑𝑓)𝑁 = 1 ∕ (1 + 𝑑𝑓)−𝑁  - exponentiation wiki 
• df is a decimal rate (although it may be entered as a % in some calculators and 

spreadsheets) and N is the number periods (usually years for capital investment 
decisions or the number of payments for loan decisions) 

• For business cash flows, use the business cost of capital as the discount rate, for 
loans or savings, use the period interest rate.  

• In spreadsheet formulas and in calculators, the caret “^” is often the 
exponentiation operator. 

Future value (FV): Value in future dollars by compounding (increasing) the value of a dollar at 
the present time to the value of a dollar at a future date. The nominal value of estimated 
future costs and returns at the time they occur, such as salvage value (sale price) of a used 
practice vehicle at the time of disposal (trade in), or the annual revenues year-by-year from 
a procedure over the life of a major equipment item required for the procedure, such as an 
ultrasound machine. 

𝐹𝑉 = 𝑃𝑉 ∗ (1 + 𝑑𝑓)𝑁     Compound amount (F/P, i, N) 

• For converting one lump sum 
• The discount rate (df) is a decimal interest rate (0.10, say) and N is the number 

periods (usually years) in the future the cash flow occurs.  
• fv (i%, N, 0, PV)  – Excel financial function for FV 
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• Be careful, slightly different arguments in the same Excel function prefix 
perform entirely different calculations; e.g. fv (i%, N, 0, PV) ≠ fv (i%, N, A) 

FV N (Years) 
Rate 1 3 7 10 15 30 
3% 1.03 1.09 1.23 1.34 1.56 2.43 
6% 1.06 1.19 1.50 1.79 2.40 5.74 
9% 1.09 1.30 1.83 2.37 3.64 13.27 

12% 1.12 1.40 2.21 3.11 5.47 29.96 
21% 1.21 1.77 3.80 6.73 17.45 304.48 

Examples of compounding factors for selected rates and years 

Present value (PV): Value in current dollars by discounting (reducing) to current value a future 
cost, return or value associated with a decision. The value of each future dollar is discounted 
to a current dollar on the basis of expected discount rates over the period between now and 
the flow. The value of each individual cash flow can be converted to present value by 
applying this formula to each, one by one.  Wiki 

𝑃𝑉 = 𝐹𝑉 ∗ (1 + 𝑑𝑓)−𝑁 ≡ 𝐹𝑉 ∗ 1
(1+𝑑𝑓)𝑁

   Present worth (P/F, i, N) 

• for converting one lump sum 
• pv (i%, N, 0, FV) – Excel financial function for PV  

Although the “brute force” application of the one lump sum conversion formula to each 
cash flow one at a time always works, formulas for cash flow situations in which equal 
flows or flows changing at a constant rate occurring at regular intervals are available. 

df N (Years) 
Rate 1 3 7 10 15 30 
3% 0.97 0.92 0.81 0.74 0.64 0.41 
6% 0.94 0.84 0.67 0.56 0.42 0.17 
9% 0.92 0.77 0.55 0.42 0.27 0.08 

12% 0.89 0.71 0.45 0.32 0.18 0.03 
21% 0.83 0.56 0.26 0.15 0.06 0.00 

Examples discounting factors for selected rates and years 

First principle of investment: A business investment is worth undertaking only if it is at least as 
desirable, accounting for risk and return, as investment opportunities in the financial markets. 

Economic equivalence principle: To establish the equal basis required for comparison, all relevant 
cash flows are transformed from their nominal value at their time of occurrence to an 
equivalent dollar value at a common time point.  

The most important information is the value of all cash flows in dollars at single time, usually 
present value (current dollars). If two alternatives have the same current value, they are 

http://en.wikipedia.org/wiki/Present_value


economically equivalent irrespective of when the cash flows occur providing both maintain 
liquidity, risk differences are accounted for, and the durations are the same. Equivalence is 
independent of the point of view, receiver or payer, banker or borrower, of the transaction. 

As alternatives may have different tax consequences, tax effects likely need to be included.  

For comparisons with different time spans, the effects of reinvesting the remaining resources 
from the alternative with the shorter period must be considered.  

Value additivity principle: The present value of a cash flow series occurring over time is equal to the 
sum of the present value of each of the individual cash flows.  

As long as cash flows occurring in different periods are converted to the same time base, 
combine values into groups that provide most useful information to you, such as grouping 
all ownership costs together, all operating costs, and all revenues or grouping all flows by 
period together to into a net cash flow by period. 

Net present value (NPV): The current economic worth of future activities. Future cash flows 
occurring at different times with different risks are discounted to their current values. Although 
investment alternatives can be compared on several bases (e.g., internal rate of return, payback 
period), NPV comparison is the preferred method.  Wiki 

NPV = PV (cash inflows) – PV (cash outflows) 

NPV = CF0 + PV (CF1) + PV (CF2) +. . . + PV (CFN)    [CF0 is usually negative for start up] 

𝑁𝑃𝑉 =  𝐶𝐹0 + �
𝐶𝐹𝑡

(1 + 𝑑𝑓)𝑡

𝑁

𝑡=1

 

• df depends on the risk associated with the type of cash flow (i.e., business revenue or 
cost, financing interest rate, or tax shielding). Avoid mixing cash flows with different 
discount factors in the same net present value calculation. 

• Include only actual cash flows, not accounting flows, and include them at the point the 
actual transfer occurs, not when the liability or obligation occurs. 

• The value of a business is the NPV of all of its future cash flows, operations and 
liquidation 

• npv – Excel financial function for NPV of a series of regular annual cash flows 
• xnpv – Excel financial function for NPV of an irregular series of cash flows or regular 

series other than annual 
• irr – Excel financial function for internal rate of return for a series of regular annual cash 

flows 

For comparing between alternatives only differential (incremental) cash flows (cash flows that 
change between the options) need to be included in the analysis. The option with the 
highest NPV is the best. For example, if the labor costs are the same for both (e.g., same 
amount of labor per procedure, same number of procedures per hour), including or 
excluding it does not change the result.  

http://en.wikipedia.org/wiki/Net_present_value


Ask two questions for each option: Will the cash flow occur if it is selected? Will the cash flow 
occur if it is not selected? If the answer to both questions is the same (both yes or both no), 
then the cash flow is not differential 

If all cash flows, both revenues and costs, are included and NPV > 0, the activity is profitable, if 
NPV = 0 it is breakeven and if NPV < 0 it is not profitable. 

Interest is the annual rate of increase in an investment and is determined by several components, the 
biggest being the risk of loss. 

Federal funds rate: Interest rate for essentially risk-free, short term investments, such as overnight 
transfers between banks. This is the baseline interest rate. Sources of this rate are: 

Federal Reserve Statistical Release  
Bankrate.com federal funds rate  
WSJ Primerate blog 
Trading Economics 

LIBOR (London Interbank Offered Rate): Another interbank funds rate index often used for 
adjusting adjustable rate mortgages. Bankrate.com LIBOR, WSJ LIBOR blog. 

Inflation rate: The annual increase in costs of the same goods and services in an economy over an 
investment term, which differs depending on the particular goods and services. For families, this 
is the consumer price index, and for producers, the many producer price indexes, all calculated 
by the Bureau of Labor Statistics. Because future inflation reduces the value of a dollar received 
for a dollar loaned, inflation forecasts based on economic indicators and federal monetary policy 
are incorporated into an inflation premium to adjust for this change in value. 

𝐶𝑜𝑠𝑡𝐶𝑢𝑟𝑟𝑒𝑛𝑡
𝐶𝑜𝑠𝑡𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙

=
𝐼𝑛𝑑𝑒𝑥𝐶𝑢𝑟𝑟𝑒𝑛𝑡
𝐼𝑛𝑑𝑒𝑥𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙

 

• Be careful not to span the index base date without adjusting for the re-indexing. 
• To adjust for the effects of inflation on expected prices of items such as supplies 

involved in annual operating costs (e.g., fuel) use the recent rate of increase of the 
appropriate producer price index. 

Thumb Rule of 72: The cost of an exactly equivalent item will approximately double or the 
value of a dollar will approximately halve in 72/(% inflation rate) years - wiki 

Prime rate: Rate incorporating the real interest rate and an estimated inflation rate for low risk 
investments (blue chip corporations), the reference interest rate (prime rate + X%) for many 
loans. Typically Federal funds rate + ~3%. The prime rate components are not additive; rather: 

(1 + 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑝𝑟𝑖𝑚𝑒 𝑟𝑎𝑡𝑒) = (1 + 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑟𝑒𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡)𝑥(1 + 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒) 

𝑝𝑟𝑖𝑚𝑒 𝑟𝑎𝑡𝑒 = (1 + 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑟𝑒𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡)𝑥(1 + 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒) − 1 

Real interest: Actual return on the investment, which includes the risk free rate of return for money 
plus a risk premium. The higher the probability of loss, the higher the risk premium. Higher risk 
investments (e.g., venture capital, lending to consumers with poor FICO scores, longer term) 

http://www.federalreserve.gov/releases/H15/update/
http://www.bankrate.com/rates/interest-rates/federal-funds-rate.aspx
http://www.wsjprimerate.us/
http://www.tradingeconomics.com/default.aspx
http://en.wikipedia.org/wiki/London_Interbank_Offered_Rate
http://www.bankrate.com/rates/interest-rates/libor.aspx
http://libor.wsjprimerate.us/
http://www.bls.gov/cpi/
http://www.bls.gov/ppi/
http://en.wikipedia.org/wiki/Rule_of_72


have higher interest rates than low risk investments (government bonds, lending to consumers 
with excellent FICO scores, shorter term).  

Risk premium: The adjustment for expected loss risk associated with the investment. For loans, 
this is loan type, such as business loan, home mortgage, student loan, car loan, and 
consumer credit, with the loan term, with the amount of collateral that will be under lien, 
and with the borrower’s “Five C’s”. For business investments, this includes the leverage 
amount, the Beta of the industry, the difficulty of converting the asset to cash, and other 
things that fill corporate finance textbooks.  

Federal Reserve Survey of Terms of Business Lending  

For example of a no collateral loan, the current consumer credit risk premium for credit card 
holders with high FICO scores is ~9% (card APR – Prime Rate).  

Federal Reserve Consumer Credit  

An example of a loan with collateral is a home equity loan for which the risk premium for 
borrowers with high FICO scores is ~4.6% and ~5.1% for those with good scores.  

An example of term effect is the risk premium difference between a 15 year fixed mortgage 
and 30 year, the 30 year being ~0.76% higher. 

The long term risk premium of stocks over long term government bonds is 3 to 3.5% with a 
standard deviation of ~16%. For individual “safe” stocks, the risk premium is 4%, for the 
average (β = 1) stock, 8% and for relatively risky 16%. Diversifying the investment 
portfolio mitigates the risk of individual stocks. Note that the typical management fees 
for mutual funds effectively halve the long run return, which makes investment vehicles 
such as stock index funds with their considerably lower management fees more 
attractive. 

Stock CAGR 

“Five C’s of Credit” - lending and credit analysis: Capacity, capitalization, collateral, credit, 
character - capacity of business to service the loan (cash flow), proportion of total 
capital and personal equity (house, personal funds) contributed by the business owners 
(“skin in the game” – 20-25% typical, 50% for higher risk), sufficient collateral to 
guarantee the loan, credit history and current status (unpaid tax liabilities, current liens, 
civil judgments have to be paid before loan is granted), character (personal integrity, 
trustworthiness, responsibility and moral obligation), comparative performance 
(strength of financial statements, comparison with industry benchmarks, managerial 
experience of key personnel) and outside conditions (economic environment, 
technology trends, market trends, competition). 

Continuing the example, to have investment returns of $30,000 annually in perpetuity (without 
drawing on the principal) requires a current low-risk investment of ~$1,000,000. If your goal 
is to retire in 30 years and you expect to live at least 40 more years on a standard of living 
equivalent to that afforded by $30,000 currently, you have to convert the $1,000,000 to a 
future value using an estimated inflation rate over the 30 years. That is your investment 
target value at retirement. For the last 30 years, the CPI has ranged between -0.007 and 
0.134 with a median of 0.030 and an average of 0.039. The calculator equation is 

http://www.federalreserve.gov/releases/e2/current/default.htm
http://www.federalreserve.gov/releases/g19/current/g19.htm
http://www.moneychimp.com/features/market_cagr.htm
http://www.wikicfo.com/wiki/5%20Cs%20of%20Credit.ashx
http://data.bls.gov/PDQ/servlet/SurveyOutputServlet


(1+0.039)^30 or 3.15, meaning that your investment target is ~$3,150,000 at the time of 
your retirement for an annual return of $94,534 to live on, which are economically 
equivalent to $1M and $30K today. Check your answer by applying the rough thumb rule of 
72 or 72/3.9 = 18.5 years for the amount needed to double. 

𝑃𝑉 = 𝐴
𝑖
 Perpetuity, i = real interest rate 

Nominal (stated) annual interest (r): the stated annual return that incorporates the projected 
inflation rate and the real interest rate without adjustment for compounding (if other than 
simple annual, which is rare)  

(1 + 𝑟) = (1 + 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛) ∗ (1 + 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑟𝑒𝑎𝑙 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡) 

Nominal interest = inflation + “working “return + return due to loss risk  

Be sure to handle inflation consistently in your analyses, generally by using a nominal rate 
for cash flow value conversion, a real rate for real value conversion and an inflation rate 
for equivalent goods price conversion. Also note that the IRS does not allow adjustment 
of items such as salvage value and depreciation for inflation. 

Firms lending you money have incentives to state the loan rate in the lowest form and to 
shift as many costs as they can out of the interest payments while firms investing your 
money have incentives to state potential returns in the highest form and to disguise 
their fees. 

APR: Annual percentage rate. Defined by Truth in Lending legislation, APR provides a basis for 
comparing between different loans of the same type across different terms and lending 
agencies. APR is defined differently for different loan types and includes lender fees but 
does not include costs such as title insurers and appraisers. The incentive for lending 
institutions is to publicize nominal interest rates instead of the actual rate, which is 
sometimes several percentage points higher, and to weaken “Truth in Lending.” In addition 
to compounding, lenders achieve higher returns by adding origination fees, closing costs, 
transaction fees, timing of first and last payment, prepayment penalties and so on. Because 
the APR is defined differently for different financial instruments and is only valid if you hold 
the loan until term, it only provides something of a standardized comparison between the 
same loan types. A quoted APR may only cover an introductory period with a higher APR 
in the fine print for the balance of the loan. 

Effective annual interest: Nominal or APR interest adjusted for compounding method (e.g., 
continuous, daily, quarterly) if not simple annual, changes in interest rates and for other costs 
(loan fees, broker fees, management fees, and balloon payments). For any compounding 
method other than simple annual and with other costs included, effective interest > nominal 
interest, sometimes significantly. Once loan is underway costs already paid, such as those that 
were part of the origination process, become sunk costs and a new effective interest calculated 
for comparisons. 

Periodic compounding: Period compounding at m intervals during the year 
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• r= nominal decimal annual interest, m = number of compounding periods per year 
(e.g., 2, 4, 12, . . .); 𝑁 = 𝑚 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑜𝑎𝑛 𝑦𝑒𝑎𝑟𝑠, N = number of years when m 
= 1 

• effective – Excel financial function for periodic compounding 

Continuous compounding: Continuous compounding during the year 

𝑖𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑒𝑟  Effective annual interest rate 
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• exp – Excel function for power to the base e 

Amortization: The regular payment of principle and interest that pay down (“kill off”) a debt in 
regular installments (monthly, quarterly, annually)  over a defined period (e.g., 60 months, 7 yrs, 
15 yrs, 30 yrs) or the within business allocation of depreciation to annual charges for recovering 
the investment in an asset over its expected useful economic life. Canadian loan amortization is 
slightly different than US amortization. The loan amortization schedule is a table listing each 
payment (A), the amount that is interest and the amount applying to the loan principal balance. 
The two types of loan amortization plans are equal total payment or equal principal payment 
with declining total payment per installment. 

Equal Payment Constant Series formulas: 

 𝑃𝑉 = 𝐴 ∗ �1−(1+𝑖)−𝑁

𝑖
� [check: 𝑃𝑉 < 𝑁 ∗ 𝐴]   Present Worth   (P/A, i, N) 

𝐴 = 𝑃𝑉 ∗ � 1
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� = 𝑃𝑉 ∗ � 𝑖∗(1+𝑖)𝑁
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�     Capital Recovery   (A/P, i, N) 

𝐹𝑉 = 𝐴 ∗ �(1+𝑖)𝑁−1
𝑖

�      [check: 𝐹𝑉 > 𝑁 ∗ 𝐴]   Compound Amount  (F/A, i, N) 

http://en.wikipedia.org/wiki/Amortization_schedule


𝐴 = 𝐹𝑉 ∗ � 𝑖
(1+𝑖)𝑁−1

�     Sinking Fund  (A/F, i, N) 

• For analyzing loans, use the period loan interest rate (i) and for analyzing 
depreciation capital recovery, use the business discount rate (dr) 

• The remaining balance of a loan is the PV of the N remaining payments, which is 
(total number of payments – number of payments already made) 

Associated Excel financial functions (For on-line function help use “Help on this function” 
link in the Excel function box): 

• Fv (i%, N, A) – series compound amount 
• Pv (i%, N, A) – series present worth 
• Nper (i%, A, - PV) – number of intervals required to pay off PV 
• Rate (N, A, - PV) – nominal interest rate being charged to pay off PV 
• pmt – periodic payment 

o Sinking fund – pmt (i%, N, 0, FV) 
o Capital recovery – pmt (i%, N, P) 

• Ipmt (i%, n, N, PV) – interest paid with the payment for interval n of N total intervals 
• ispmt – interest paid in a particular interval (more flexible than ipmt) 
• ppmt (i%, n, N, PV) – principal paid with the payment for interval n of N total 

intervals  
• cumipmt (i%, N, PV, nstart, nend, 0) – cumulative interest paid between the periods 

nstart and nend 
• cumprinc – cumulative interest paid between two periods 

(For additional help with spreadsheet financial functions, see finance or engineering 
texts based on Excel or on-line resources such as “Microsoft Excel as a Financial 
Calculator”) 

For equal payment loans the early payments are mostly interest and very little principal and 
most of the principal reduction occurs later in the life of the loan. The lower the interest 
rate and the shorter the term, the closer the balance decline is to a straight line. For a 
30 year loan @ 8% at the 1/2 of term ~80% of principal remains and 1/2 of principal 
remains at ~23/30 year. Compare loan options on the basis of NPV’s that include all 
costs and tax effects (Fortin et al. 2007). Consider refinancing carefully because 
restarting the clock means additional interest expense and delayed reduction of the 
principal unless the new loan is for a shorter term. Unless you are refinancing to reduce 
critical liquidity (cash flow) problems, make your refinancing decision by comparing 
the current NPV’s of the amortization schedules between your current loan at this 
time and proposed loans, not the reduction in monthly payments. The origination fees 
and interest already paid on your current loan are sunk costs. What counts is comparing 
the current NPV of your present loan, which is the PV of the remaining payments if you 
continued the loan to term, with the NPV of the new loan plus any early payment 
penalties for your existing loan. 

http://www.tvmcalcs.com/calculators/excel_tvm_functions/excel_tvm_functions_page1
http://www.tvmcalcs.com/calculators/excel_tvm_functions/excel_tvm_functions_page1


Negative amortization: The payment does not cover the interest for the period and the balance 
due is added to the loan principle, which occurs with some types of graduated rate, 
adjustable rate, and reverse mortgages. 

Discount rate: Your business “cost of capital,” which is the annual discount rate you use for 
converting a future business cash flow, revenue or expense, to a present value for NPV analysis 
that is appropriate for the risk level of the “project.”  

Selecting the appropriate “hurdle” value is critical for making sound investment decisions. A 
minimum is the effective interest rate on any money borrowed (if simply not taking out the 
loan is the alternative) for the investment plus a risk premium (the lending agency is less 
likely to lose their money than you are) or, if the money is in hand, the rate of return on 
your next most attractive investment option of similar risk. If the debt is on a credit card, the 
discount rate should be the effective interest rate on the card plus a risk premium (again, 
the card provider is less likely to lose money than you are). If in hand money could be 
invested through a financial institution, the opportunity cost is the riskless rate plus the risk 
premium for your preferred investment. If that was a stock index fund, the stock market 
historical long-run return has averaged 6% over inflation (but ranging from -2% to 13% and 
as low as 2% for two recent decades) so a projected long-term stock market return might be 
10% (historical stock market return + historical inflation rate). In that case, any investment 
in the business should have a rate of return of at least 10% plus a risk premium so using an 
effective interest rate of 10% for present value calculations is reasonable if the risks of loss 
are equivalent. On the other hand, if the money is under your mattress where it is losing 
value at the inflation rate (or gaining at the deflation rate) the rate could be only the risk 
premium. 

Examples of stock index and exchange traded (ETFs) funds (no endorsement intended or 
implied): 

• Vanguard 500 Index 
• Schwab S&P 500 Index Fund 
• Charles Schwab Exchange Traded Funds 

Equal marginal principle: Within the business, invest scarce resources (e.g., time, money) in 
those things that have the highest marginal return (marginal revenue – marginal cost) to 
the point that their marginal return drops below that of the next best alternative, that 
MR = MC or for all cash flows NPV < 0.  

Equipment costs are classified as either ownership or operating costs. Although little information is 
available for veterinary medical equipment, considerable agricultural equipment cost evaluation 
information is on-line. If these are based on accrual accounting, the analytical processes are applicable 
to veterinary equipment but the tax depreciation schedules and rates are likely different. 

A large corporate practice using a 20% rate of return has a thumb rule that new equipment must 
generate annual new gross income at least equal to 40% of its purchase cost. 

http://en.wikipedia.org/wiki/Index_fund
http://en.wikipedia.org/wiki/Exchange-traded_fund
https://personal.vanguard.com/us/funds/snapshot?FundId=0040&FundIntExt=INT
http://www.schwab.com/public/schwab/research_strategies/mutual_funds/summary/schwab/at_a_glance.html?cmsid=P-1018488&lvl1=research_strategies&lvl2=mutual_funds&ticker_sym_nm=SWPPX
http://www.schwab.com/public/schwab/investment_products/etfs?cmsid=P-981275&lvl1=investment_products&lvl2=etfs


Note that this effect occurs with salaries. Dr. M.L. Heinke (2010) estimates  that a veterinarian 
with a salary of $80,000 working 40 hrs/wk, 50 weeks per year or 2,000 hours has to generate 
$400,000 of services to cover salary, overhead, support staff and profit in a typical small animal 
practice. If 50% of the time is billable work, that veterinarian has to generate $400 of practice 
gross income per productive hour.  

For agricultural examples, see Kastens T (1997) “Farm Machinery Operation Cost Calculations” 
mf-2244, Kansas State University, and Iowa State’s “Estimating Farm Machinery Costs”A3-29.  

Annual ownership costs: The costs, mostly fixed, that occur due to owning the item and further 
classified under the acronym “DIRTI 5” – depreciation, interest, repairs, storage, taxes, and 
insurance. Typical equipment ownership costs are initially high due to the initial rapid value loss 
in the transition from new to used, decline to a minimum and then rise as repair costs increase.  

Depreciation: The decline in asset value due to age. The fixed component is the loss of value 
due to the passage of time, such as technical obsolescence or general deterioration. The 
variable cost component is the loss of value due to the amount of use. Current market value 
is adjusted upward from typical values for equipment with less use and in better condition 
and downward for equipment with more use and in poorer condition. Depreciation is 
usually the largest annual ownership cost. Wiki 

Cost basis (CB): Invoice price, sales tax, shipping cost, installation costs including facility 
modifications and one-time permit, testing, and inspection fees. 

Salvage value (SV): The expected market value of an equipment item when it is sold. If the 
item is expected to have no market value but to have removal and disposal costs, the 
salvage value is negative.  

Economic depreciation:  The decline in current salvage (market) value, which is rapid at first 
(driving a new car off the lot) and then slows. Methods such as the “Sum of the Years 
Digits” account for the more rapid decline that occurs in early life. “Straight line” is the 
simplest but the current straight line depreciated value may not represent the current 
salvage value as well as other methods. A rough rule of thumb is that farm equipment 
depreciates approximately 10% annually. 

syd – Excel function for “sum of the years digit” depreciation 

Tax depreciation: The depreciation method selected from the tax code in force at the time 
of equipment purchase to minimize taxes based on the equipment type, purchase and 
use conditions. Rather than being expensed in the year of purchase, this ownership cost 
is expensed as a deductible business expense across multiple years. Modified 
Accelerated Cost Recovery System (MACRS) described in IRS Publication 946 (2009), 
“How to Depreciate Property” details the approved methods and years for depreciating 
most business and investment property for tax purposes. IRS Publication 225, “Farmer’s 
Tax Guide,” contains the equivalent information for farming businesses. Tax (book) 
value may be different than current salvage value and generally overestimates 
ownership expense early and underestimates it later in the equipment’s useful life. Tax 

http://www.ksre.ksu.edu/library/agec2/mf2244.pdf
http://www.extension.iastate.edu/publications/pm710.pdf
http://en.wikipedia.org/wiki/Depreciation
http://www.irs.gov/pub/irs-pdf/p946.pdf
http://www.irs.gov/pub/irs-pdf/p225.pdf
http://www.irs.gov/pub/irs-pdf/p225.pdf


adjustments are required if the salvage or terminal value (sale price) differs from the 
equipment’s book (tax) value at the end of it’s useful life in the business.  

Depreciation itself is not an actual cash flow but rather reduces cash outflow by 
decreasing (shielding) taxes. 

Depreciation Tax Shield = (annual tax depreciation) x (marginal tax rate) 

Note that the IRS can change the tax code at any time and the changes can be 
retroactive. Hence, if it doesn’t make sense economically, be careful of doing it for 
tax purposes. Even for tax purposes, it still costs you (depreciation) x (1 – tax rate). 

Depreciable property: To be depreciable, the property must be used in business or held 
to produce income (e.g., rental property), it must have a definable service life that is 
longer than a year, and it must wear out, get used up, become obsolete or decay. 
Intangible property such as customer lists, franchises, patents, designs, copyrights 
and computer software are depreciable. Land is not but buildings are. 

Recovery period: Service life of equipment for tax purposes. Examples for illustration 
only (check the current regulations!) from IRS Publication 946 are 5 years for 
automobiles, breeding cattle, computers, pickups, and high technology medical 
equipment, 7 years for agricultural equipment, office fixtures and any equipment 
not otherwise classified, 10 years for sole purpose agricultural structures.  

Value estimation: If a current value isn’t known but historical value of an identical item 
(same model, similar usage) is, the historical value can be adjusted using the historical 
and current values of the appropriate index (PPI, CPI). 

𝐶𝑜𝑠𝑡𝐶𝑢𝑟𝑟𝑒𝑛𝑡
𝐶𝑜𝑠𝑡𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙

=
𝐼𝑛𝑑𝑒𝑥𝐶𝑢𝑟𝑟𝑒𝑛𝑡
𝐼𝑛𝑑𝑒𝑥𝐻𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙

 

Insurance: Annual property insurance cost. If not known, for farm equipment this is ~ 0.25% of 
purchase cost. Insure against potential catastrophic loss but don’t insure against potential 
losses that you could afford. 

Repairs: Annual cost of repairs and normal upkeep. Historical repair records for similar 
equipment in similar use provide the best estimates of expected repair costs. For major 
repairs (e.g. broken ultrasound probe, transmission replacement), the annual cost is the 
estimated probability of the repair being needed during the period times the cost of the 
repair. 

ASABE “Agricultural Machinery Management” section 6.3.1 contains a repair cost 
formula for tractors and “Agricultural Machinery Management Data” for other 
equipment.  

Storage: Annual housing costs if unique and attributable to this equipment, such as a heated 
garage for a practice vehicle. If not known, for farm equipment this is ~ 0.75% of purchase 
cost. 

http://www.irs.gov/pub/irs-pdf/p946.pdf
http://www.bls.gov/ppi/
http://www.bls.gov/cpi/
http://www.asabe.org/
http://asae.frymulti.com/azdez.asp?JID=2&AID=21786&CID=s2000&T=2
http://asae.frymulti.com/azdez.asp?JID=2&AID=27762&CID=s2000&T=2


Taxes: Annual government fees, such as property taxes, licensing fees, and waste permits (if 
applicable) that can be apportioned to this equipment. If not known, for farm equipment 
this is ~ 1% of purchase cost. 

Interest: The annual opportunity cost of the funds invested in the equipment.  

Annual Capital Recovery (ACR): The annual ownership cost due to the capital investment.  

𝐴𝐶𝑅 = (𝐶𝐵 − 𝑆𝑉) ∗ �
𝑑𝑟

1 − (1 + 𝑑𝑟)−𝑁� + (𝑆𝑉 ∗ 𝑑𝑟) 

𝐴𝐶𝑅 = (𝐶𝐵 − 𝑆𝑉) ∗ �
𝑑𝑟

(1 + 𝑑𝑟)𝑁 − 1
� + (𝐶𝐵 ∗ 𝑑𝑟) 

Be careful of double counting by including ACR in NPV analyses. This is not a cash flow. 
The purpose of ACR is to provide a quick estimate of the annual capital costs of 
ownership 

Operating costs: Costs incurred when the equipment operates. These include operator labor, energy 
(fuel, electricity) and supplies consumed (e.g. disposable sheaths, disinfectant solutions). 

Total Annual Cost = Annual Ownership Cost + Annual Operating Cost 

Be careful of double counting by including total annual cost in NPV analyses. 

Net Present Value Analysis Steps: 

1. Identify and forecast the relevant incremental cash flows and opportunity costs for each 
alternative 

For comparing competing alternatives only differential (incremental) cash flows (cash flows that 
change between the options) for each period need to be included in the analysis. The option 
with the highest NPV is the best. For example, if revenue and the labor costs are the same 
for both (e.g., same amount of labor per procedure, same number of procedures per hour), 
including or excluding these does not change the conclusion.  

Considering the business as a box that cash flows into and out of, exclusive of financing cash 
flows. For each option, the incremental cash flows are the changes in those cash inflows and 
cash outflows due to the option. 

For each option, ask two questions for each period of its  economic lifetime. Will the cash flow 
into or out of the business occur if it is selected? Will the same cash flow occur if it is not 
selected? If the answer to both questions is the same (both yes or both no), then the cash 
flow is not differential 

If slack (unused) salaried time is employed, there is no opportunity cost for that resource. If 
salaried time is not slack but is shifted from doing something else, an opportunity cost is 
likely involved. 

2. Adjust for inflation and income tax effects 



Adjust the costs of inputs, such as gasoline, disposables, and wages, that are components of 
incremental costs for the effects of inflation over each option’s economic life  

If service charges are incremental, adjust them for inflation over the economic life of each 
option  

3. Draw the cash flow diagrams for each option, using separate diagram for each discount rate and 
type of cash flow if that makes your analysis clearer 

4. Calculate discounted cash flows by converting the nominal after-tax cash flow values to net 
present values using the appropriate discount rates and calculate the NPV of the alternative. 

NPV = CFStart + PV (operating CF1) + PV (operating CF2) +. . . + PV (CFTermination)     

• CFStart is usually negative for startup (equipment purchase, training, working 
capital increase for inventory) and is usually positive for CFTermination (salvage, 
working capital decrease from dispersing inventory) 

𝑁𝑃𝑉 =  𝐶𝐹0 + �
𝐵𝑢𝑠𝑖𝑛𝑒𝑠𝑠 𝐶𝐹𝑡

(1 + 𝑑𝑟)𝑡

𝑁

𝑡=1

+ �
𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑛𝑔 𝑠ℎ𝑖𝑒𝑙𝑑 𝐶𝐹𝑡

(1 + 𝑖)𝑡

𝑁

𝑡=1

+ �
𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝑠ℎ𝑖𝑒𝑙𝑑 𝐶𝐹𝑡

(1 + 𝑟)𝑡

𝑁

𝑡=1

+ 𝐶𝐹𝑁 

NPV = PV (after tax net profits) + PV (tax shielding of debt undertaken for option) + PV (tax 
shielding of depreciation) 

• Tax shielding of debt = the tax deductions due to mortgage interest deductions, 
investment credits and so on. 

Separate financing decisions from capital investment decisions so that you make capital 
investment decisions on their NPV merits and financing decisions on theirs. Disentangle 
combined offers, such as payment plans or leasing vs. buying decisions, so that the purchase 
decision is separate from the financing decision. 

• For calculating PV of revenues and costs, use your business discount rate dr 
• For calculating PV of financing including the PV of tax shielding of interest or other tax 

deductions associated with borrowing, use the effective annual loan rate i 
• For calculating PV of depreciation, use a low risk rate (the IRS is unlikely to cancel 

depreciation, go bankrupt or insist on a risk premium) 
5. Compare the alternatives on the basis of their NPV’s. 

If all cash flows, both revenues and costs, are included and NPV > 0, an activity is profitable, if 
NPV = 0 it is breakeven and if NPV < 0 it is not profitable. 

If a current service has an NPV < 0 when all cash flows are included then unless it has to be done 
even if unprofitable investment should be reduced or sold until the NPV = 0 (true 
breakeven), and the resulting funds invested elsewhere. This is particularly true if the risk of 
loss from an alternative is lower. If the service with an NPV < 0 is required to maintain other 
profitable activities (e.g., client expects night emergency service in exchange for doing his 
herd work), then the loss should be charged to those other activities that require this one to 



continue. If the service involves a significant equipment investment, carefully consider 
different exit strategies. 

When choosing between alternative services, expand the one with the higher NPV until NPV 
(best) = NPV (second best). At some point, your market will not support further expansion 
(e.g., you are already palpating all the cows in the area) or the cost of delivering that service 
rises to the point that delivering other services is equally profitable (e.g., the next closest 
client for this service is too far away).  

Alternatives having unequal lifetimes are a special case. An example is a replacement decision 
involving equipment with different expected lives (e.g., Do I replace the transmission in the 
old pickup and anticipate that it will last three more years or do I replace it with a new one 
that I expect will last 9 years?). One strategy is to use a number of years that is a common 
multiple of the lifetimes of both alternatives (repaired old pickup lasts 3 more years, new 
pickup lasts 9 years, compare the NPV of 3 cycles of the old pickup vs. the NPV of one cycle 
of purchasing new pickup). Another strategy is to convert both NPV’s to the equivalent 
annual cost (EAC) or annuity equivalent for each alternative.  

𝐸𝐴𝐶 = 𝑁𝑃𝑉 ∗ �
1

1 − (1 + 𝑑𝑟)−𝑁
� = 𝑁𝑃𝑉 ∗ �

𝑑𝑟 ∗ (1 + 𝑑𝑟)𝑁

(1 + 𝑑𝑟)𝑁 − 1�
 

• N = lifetime left for this alternative 
6. Perform sensitivity analyses for the important variables and “What if?” scenario analysis for the 

best and worst case scenarios 

Determine the relative importance of costs by group (e.g., depreciation, operating cost, interest 
cost) by dividing the NPV of each group by the total NPV. 

To evaluate the influence of uncertainty on decisions, perform a sensitivity analysis by 
evaluating expected case, best case and worst case scenarios for each input variable.  

What are the important variables to monitor (e.g., number of procedures, variable costs) and 
what levels trigger concern and reevaluation? What are the consequences if your estimate is 
off by ±10%? Graph NPV against cost of capital discount rate. 

Spreadsheet spider and tornado graphs show the effects of input parameter variations 
graphically. 

For an agricultural examples of NPV analyses, see Capital Investment Analysis and Project 
Assessment, Purdue Extension EC-731, or Capital Budgeting for a New Dairy Facility, CV 
Thomas, MA DeLorenzo and DR Bray, University of Florida CIR1110 (pdf) and the 
associated spreadsheet CapitalBudget.xls. 

Other sources on incremental cash flows: 

Calculation of annual incremental after tax cash flows - pdf (RL Constand) 

Real options: wiki 

http://www.ces.purdue.edu/extmedia/EC/EC-731.pdf
http://edis.ifas.ufl.edu/ds138
http://edis.ifas.ufl.edu/pdffiles/DS/DS13800.pdf
http://dairy.ifas.ufl.edu/tools/CapitalBudget.xls
http://uwf.edu/rconstand/5994content2003/T3-CashFlow/Incremental%20Operating%20Cash%20Flow%20Calculation.pdf
http://uwf.edu/rconstand/
http://en.wikipedia.org/wiki/Real_options


Real options is a capital budgeting method that values future flexibility. The basic idea is that a 
project is not static once underway but will be modified as new information becomes available. 
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