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Capstone Case 

Rural MRI Imaging Company Decision 

PART A (NPV) 
[MRI Capstone Case Study - Part A Directions.pdf] 

 

Orientation 

This case study will take you through the key principles of the prior seven BBO Courses and 

demonstrates the use of the BBO Decision Making Methodology discussed in this course. 

At a 50,000 foot view, you will do three things: 

1. Calculate the profit maximizing price and quantity for a rural MRI imaging company (in Part A) 

2. Develop a cash flow model and the NPV for a base case (in Part A) 

3. Identify uncertainties and develop a decision tree using the possible scenarios (in Part B) 

If the expected value of the decision tree’s NPV is positive, the project is a go! 

You will be asked to follow the development of several worksheets in MRI CapstoneCase.xlsx. These 

include:  

 Supply and Demand Curves for Urban MRI Imaging Companies 

 Supply and Demand Curves for Rural MRI Imaging Companies 

 An MRI Cash Flow Model (Spreadsheet) 

 A Decision Tree 

 

You should read this case carefully. Reading multiple times will help you navigate the solution 

spreadsheet more easily. The courseware will also walk you through the case, in a simplified manner. 

 

The data shown in this case is fictitious. Nothing should be gleaned from the assumptions in the case. 

This case assumes a free market for MRI’s. (That is not the case with Medicare and Medicaid at the time 

of this writing, although many are hoping for more market sense to be added to our healthcare 

industry.)  

 

Please download the spreadsheet from the Resources on the courseware: MRI Capstone Case.xlsx.   

Overview of the Case 

A small medical practice in a rural community in the Mid-West is considering starting a new business. 

The medical group consists of four doctors all of whom are planning to retire in about ten years. They 

have worked together serving this agricultural community for 25 years, and are well respected. 
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Some years ago, they acquired the land next to their medical offices. It has an old office building on it. 

The acquisition price was $270,000. 

The medical group is considering purchasing a used 3.0 Tesla Magnetic Resonance Imaging (MRI) 

machine and establishing a new business to provide MRI’s to their patients. Currently, patients needing 

MRI’s must drive to the nearest big city hospital.  

Many questions arise.  

 How much can they charge per MRI?  

 How many MRI’s can they do in one day?  

 What is the profit-maximizing number of MRI’s per day? 

 What is the variable cost and fixed cost of such a business?  

 How much marketing will be needed?  

 What would compel their patients to use their MRI facility as opposed to driving 90 miles to the 

nearest large hospital?  

 What would happen if their MRI business is successful and others entered this rural market?  

 What would they do with it in ten years, after their retirement? [Assume the MRI machine will 

be a boat anchor in ten years.] 

As part of their decision, a major auto manufacturer has announced they are building a new assembly 

plant in this rural area. It will start up in about two years. Many people will be hired. The local economy 

will be reshaped, from an agricultural one to a more balanced one.  

To help them with this decision, the medical group has contracted with Decision Dudes, Inc., a boutique 

consulting firm specializing in healthcare industry information and financial analysis. As a new 

consultant at Decision Dudes, you have been given the task to manage this project and recommend a 

decision to the medical group.  Should they build or not? 

Property Assumptions 

After working with a local contractor and a realtor, you conclude the following: 

1. Cost to upgrade the existing old building to be a medical imaging facility: $500,000. 

2. Cost to purchase a used 3.0 Tesla MRI machine: $1,500,000. 

3. Current market value of the property: $350,000.  

4. Estimate of market value of the property in ten years: $600,000. 

Financial Assumptions 

You have gained a commitment from a local bank for a loan of 60% of the upfront costs, including the 

purchase of the machine and the building improvements. The loan rate will be 7% and will be interest 

only. In ten years, the medical group will need to repay the principle. The remaining 40% will be a cash 

infusion by the doctors. 
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You need to calculate the equity discount rate for the doctor’s infusion. Your research shows the current 

Federal 10-year bond is running about 5%. The average risk premium is 8.5%. The medical imaging 

industry has a beta of 1.3.  

The tax rate is assumed to be 40% and inflation 3%. 

The capital gains rate is 15%. [This is wishful thinking as of this writing. The current rate is 23.8%.  Some 

politicians are pushing for a return to 15%, some are advocating raising it above 23.8%.] 

Operating Assumptions 

Radiologists: You research the radiologist market and discover that radiologists don’t need to be onsite. 

Off-site “reads” have become a commodity. The quality has proven to be as accurate as having on-site 

staff. The prevailing rate per read is $52.08. This rate is good world-wide, all day, any day. 

Radiology Technicians:  A fully trained tech makes $38.46 per hour with 1.5 for overtime beyond an 

eight hour day. It has been shown that a good tech can do a maximum of 12 MRI’s with 30% OT. After 

12, the imaging company will need a second tech. 

Other annual fixed expenses include: 

 Materials and consumables, $35,000 

 Maintenance contract, $30,000 

 Administrative support, $55,000 including all fringe benefits and federal FICA 

Marketing Assumptions and a Strategic Decision 

The doctor group is perplexed about possible marketing needs. If their patients use the imaging facility, 

it seems little marketing is necessary. They feel a small annual marketing budget of $15,000 is sufficient. 

After studying the situation, you feel some adjustment is necessary to that thinking.  

It is possible that once this new imaging facility is built and successful, others may enter the market. As a 

simplifying assumption, you determine that a competitor would arrive about two years after startup. At 

that point, the doctor group would have a strategic decision with three options:  

 They could fold up the business and declare the imaging business bankrupt.  

 They could simply “hang on” with the same annual marketing budget as the first two years 

($15,000).  

 Third, they could fight! As a planning assumption, fighting would cost about $100,000 for 

marketing annually for the final eight years of the project. 
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Revenue Assumptions 

You know that the doctor group should be able to command a higher price than the imaging companies 

in the big city. You do a survey and conduct focus groups with past patients of the doctor group and 

conclude the adder would be $80. These rural patients would pay that much to avoid the long trip and 

the hassle of using an alternative supplier. 

Your boutique consulting firm has data from large imaging companies in urban areas. That data should 

be adequate to learn the market clearing price for MRI’s done in large urban settings.  

Given your expertise in Supply-Demand-Cost curves based on Production Functions (as taught in BBO 

Econ), you look forward to estimating the Revenue Per MRI for the urban environment. You will then 

add the $80 to yield the Revenue Per MRI for a rural environment. These curves will also show the 

profit-maximizing number of MRIs per day.  

Calculating the Per MRI Price in a free rural market is the first major challenge of your analysis. 

Micro-Econ Model: Optimum Price and Quantity Calculation 

As a wizard of Supply and Demand calculations, you go to work to determine the profit-maximizing price 

and quantity for a rural imaging company. There is little data on rural imaging companies, so you will 

study first urban imaging companies and then extend those results to the rural environment. 

You first develop the Production Function which is the foundation for the Supply curve.  You limit your 

interest to two variables: the cost of reading the MRI’s by an MD Radiologist and the cost of taking the 

MRI by a radiology tech. Your research develops the following table (Figure 1): 
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Figure 1: Production Function 

Let’s discuss a few idiocyncracies about this table.  

First, the MD’s who read the MRIs are off-site. In the fictitious world of this case study, reading MRIs has 

become a commodity. The MD may be in India or Hong Kong. Several services advertize 24 x 7 service 

and with 2-hour turnarounds. Your research says that the cost is $52.08. Thus, the second column of the 

table is easy.  

The cost of a radiological technician (RT) is a bit more involved. Your consultancy has an expert who 

helps you determine that one RT can read up to eight MRIs a day on straight time salary. The ninth MRI 

is 5% more. Each succeeding MRI is 10% over straight time, up to a maximum of 12 MRI for one RT per 

day. After 12 MRI’s,  a second RT would be necessary. Thus, the last two columns replicate your 

research.  

Quantity 

(MRIs per 

Day per 

machine)

Variable 

Cost of 

Radiological 

Reads (per 

Read)

# of 

Radiology 

Techs Tech Hours

0 52.08$          0 0

1 52.08$          1 8

2 52.08$          1 8

3 52.08$          1 8

4 52.08$          1 8

5 52.08$          1 8

6 52.08$          1 8

7 52.08$          1 8

8 52.08$          1 8

9 52.08$          1.05 8.4

10 52.08$          1.1 8.8

11 52.08$          1.2 9.6

12 52.08$          1.3 10.4

13 52.08$          2 16

Production Function
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Figure 2: Marginal Cost (Supply) Calculation 

Using the financial and operating assumptions above, the table to calculate the marginal cost and the 

Total Average Cost looks like Figure 2. You can see this table on the downloaded spreadsheet, under the 

tab “S-D-C Curve (Urban)”. The Fixed Cost is the daily version of the costs for “Other Annual Fixed 

Expenses” above. The opportunity cost is added to those fixed costs. The opportunity cost is the 

discount rate for equity times the equity enfusion at T=0, put on a daily basis.  

As you recall, the Marginal Cost is the Supply Curve. We now focus on Demand.  

After some  research within your firm, you ascertain that the demand price for MRIs drops off quickly as 

MRIs become more available. Starting at $1200 per MRI if only one is available and dropping quickly to 

$240 when 10 or more are available. All this is on a per machine basis in an urban market. So the 

Demand Curve is now shown as the last column on the right. See Figure 3. 

Cost per 

Hour (ST)

Daily Fixed &  

Opp. Cost

38.46$        $876

Quantity 

(MRIs per 

Day)

Variable 

Cost of 

Radiological 

Reads (per 

Read)

# of 

Radiology 

Techs Tech Hours

Tech Labor 

Costs

Variable 

Cost of 

Reads

Total 

Variable 

Cost

Fixed Cost 

and 

Opportunity 

Cost Total Cost

Marginal Cost 

(Supply) Ave Total Cost

0 52.08$          0 0 $0 $0 $0 $876 $876 $0

1 52.08$          1 8 $308 $52 $360 $876 $1,235 $360 $1,235.31

2 52.08$          1 8 $308 $104 $412 $876 $1,287 $52 $643.69

3 52.08$          1 8 $308 $156 $464 $876 $1,339 $52 $446.49

4 52.08$          1 8 $308 $208 $516 $876 $1,392 $52 $347.89

5 52.08$          1 8 $308 $260 $568 $876 $1,444 $52 $288.73

6 52.08$          1 8 $308 $312 $620 $876 $1,496 $52 $249.28

7 52.08$          1 8 $308 $365 $672 $876 $1,548 $52 $221.11

8 52.08$          1 8 $308 $417 $724 $876 $1,600 $52 $199.98

9 52.08$          1.05 8.4 $346 $469 $815 $876 $1,690 $91 $187.82

10 52.08$          1.1 8.8 $385 $521 $905 $876 $1,781 $91 $178.09

11 52.08$          1.2 9.6 $462 $573 $1,034 $876 $1,910 $129 $173.63

12 52.08$          1.3 10.4 $538 $625 $1,163 $876 $2,039 $129 $169.91

13 52.08$          2 16 $1,077 $677 $1,754 $876 $2,629 $591 $202.27

Production Function
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Figure 3: Adding Marginal Benefit (Demand) 

From this table we can plot the Supply-Demand-Cost curves for the urban market. See Figure 4. 

 

Figure 4: Supply-Demand Curves (Urban) 

This graph shows the cross over point of Supply and Demand to be at 12 MRIs per day at a price of $240. 

Thus, after all this analysis, we conclude a prudent investor should staff to provide no more than 12 per 

Cost per 

Hour (ST)

Daily Fixed 

& Opp. Cost

$38.46 $876 11700

Quantity 

(MRIs per 

Day per 

machine)

Variable 

Cost of 

Radiological 

Reads (per 

Read)

# of 

Radiology 

Techs Tech Hours

Tech Labor 

Costs

Variable 

Cost of 

Reads

Total 

Variable 

Cost

Fixed and 

Opportunity 

Cost Total Cost

Marginal Cost 

(Supply) Ave Total Cost

Marginal 

Benefit to 

Customers 

(Demand)

0 52.08$          0 0 $0 $0 $0 $876 $876 $0

1 52.08$          1 8 $308 $52 $360 $876 $1,235 $360 $1,235.31 $1,200

2 52.08$          1 8 $308 $104 $412 $876 $1,287 $52 $643.69 $900

3 52.08$          1 8 $308 $156 $464 $876 $1,339 $52 $446.49 $700

4 52.08$          1 8 $308 $208 $516 $876 $1,392 $52 $347.89 $550

5 52.08$          1 8 $308 $260 $568 $876 $1,444 $52 $288.73 $450

6 52.08$          1 8 $308 $312 $620 $876 $1,496 $52 $249.28 $375

7 52.08$          1 8 $308 $365 $672 $876 $1,548 $52 $221.11 $325

8 52.08$          1 8 $308 $417 $724 $876 $1,600 $52 $199.98 $285

9 52.08$          1.05 8.4 $346 $469 $815 $876 $1,690 $91 $187.82 $245

10 52.08$          1.1 8.8 $385 $521 $905 $876 $1,781 $91 $178.09 $240

11 52.08$          1.2 9.6 $462 $573 $1,034 $876 $1,910 $129 $173.63 $240

12 52.08$          1.3 10.4 $538 $625 $1,163 $876 $2,039 $129 $169.91 $240

13 52.08$          2 16 $1,077 $677 $1,754 $876 $2,629 $591 $202.27 $240

Production Function
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day. Beyond that, a second RT is necessary and the marginal costs are much greater than the marginal 

revenue.  

But our interest is in rural MRIs. In any efficient market, an individual supplier is a price taker. In an 

urban market, that price will be $240.  With our focus group conclusion that rural patients would pay an 

adder of $80, the price taken for a rural facility is $320. Our quest for a price is complete. See Figure 5. 

Note the flat Demand Curve, the evidence of a “price taker” market for one supplier. It still implies that 

the facility should staff for 12 MRIs per day. 

We will assume this price of $320 will escalate by inflation rate for our cash flow study that awaits us 

next. 

 

 

Figure 5: Supply-Demand Curves (Rural) 

 

Arrow Diagramming 

While an arrow diagram is not used in this write-up, you should take time on a scratch paper to 

sketch such a picture of this decision’s cash flows. How many cash flows are there? You can get 

a list from the courseware, but you should do a quick sketch yourself to practice. These 
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diagrams aren’t training wheels. Get the arrows and their directions correct and you will make 

fewer mistakes when developing a model on an electronic spreadsheet. 

MRI Cash Flow Model 

Now it’s time for you to go to work. On the downloaded spreadsheet, go to the tab “MRI Cash 

Flow Model”. The Biz Bucks Guy has done much of the work for you. 

This model can be overwhelming at first. So navigate around it to see its major parts, 

particularly the list of assumptions and the ten-year time line. Note the assumptions are in 

Column H. Also note the final NPV for the ten year projection is in Cell H94. 

While countless formats are possible, The Biz Bucks Guy likes having the assumptions at the top 

of such a model, with the cash flow calcs next, followed by the NPV answer.  

Note some cells are color-filled: 

 As always in BBO, you will fill in the BUFF cells. To avoid any complications with 

rounding, these cells have pull-down menus from which to select you answer. 

 The DARK GREEN cells are the fourteen questions to complete the model. They are in 

Column E. 

 The PURPLE cells are calculations done by The Biz Bucks Guy. 

 The LIGHT GREEN cells are for your own calculations. These calculations lead you to 

select the right answers for the BUFF cells. 

 The three ORANGE cells are the cells that are modified when doing scenario analysis. 

They are modified on the Decision Tree worksheet, not on this cash flow model 

worksheet. 

 The DARK BLUE cells are the Instant Feedback messages, aligned in Column L. 

Assumptions for Base Case 

For this base case, you assume the new rural imaging company will have 12 MRIs per day for 

the ten years. You also assume no other competitor will enter the market. Thus, the 12 MRIs 

continues, not for two years, but for all ten. This also means the marketing cost is the $15,000 

(subject to escalation) per year for the entire ten years. These are the three ORANGE cells, H41, 

H44, and H45.  

When you do the decision tree, these will change for each scenario. This is why this model was 

developed with several calculations done twice, once for Years 1 and 2, and again for Years 3 

through 10, depending on if a competitor shows up. See Cells H22 and H23 as an example. 

So with this orientation, let’s calculate the NPV of a base case for the doctor group. 
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Fourteen Questions 

Q1: The equity discount rate is the 10-year bond rate + (average risk premium x beta). You can 

calculate that in Cell J16 and then select the correct answer in Cell H16. You were given this 

background in BBO Accounting 1. 

Q2: This is simply from the text above. Use the pull-down menu and select the MRI read cost and 

read the Instant Feedback information. 

Q3-Q6: One of the most confusing issues in NPV calcs is to get the upfront costs right and properly 

understood. There are two perspectives: the accounting perspective and the financial perspective. 

While we are clearly doing financial analysis, we need to calculate the Depreciation Tax Shield (DTS) 

eventually…and that’s accounting. So The Biz Bucks Guy has provided a two-column table to get this 

right. The first column relating to DTS has been done for you. You will need to get the second 

column on your own. The Instant Feedback information will help. 

Q7: This is the result of our S-D-C Curves done above. Select the correct MRI price in Cell H46.  

Q8-Q9: Using your knowledge from the table discussed in Q3-Q6 above, calculate both the Total 

Capital Costs and Future Capital Costs for T=0. Use K56 and K57 for your math. Then select the 

correct values in Cells H56 and H57. Note the Instant Feedback for each. 

Q10: The bank will loan you 60% of the future capital costs. This is an interest-only loan. That means 

you will need to repay the principle in ten years. To make this easy, enter the value of Cell H59 in 

Cell R63. 

Q11: In the Assumptions area, the model calculated the Operation and Maintenance expense for the 

new imaging facility. But that was a pre-tax number. Using the PT/AT principle, convert that to after 

tax. Remember: AT = PT x (1-Tax Rate). Do the math in Cell I68 and select the correct answer in Cell 

H67. Read the Instant Feedback to confirm you math. Note the model escalates this O&M expense 

automatically. 

Q12: Calculate the DTS for Year 1. This takes some explanation. Note this model uses MACRS, not 

straight-line depreciation for this DTS calc. You can see the IRS’s depreciation table on the 

worksheet “MACRS”. The upfront total Capital Costs to be depreciated is multiplied by the values on 

this table. These values are in Row 70. The first value is 14.29%. This gives you the depreciation 

expense in Row 72. Use Cell I74 to calculate the DTS for Year 1. Remember: DTS = Depc Expense x 

Tax Rate. Select the correct answer in Cell I73. Note the information from the Instant Feedback. 

[Note the use of PT/AT for the Marketing Costs, the Revenues, and the Salvage Cost. There is 

nothing for you to do on those rows.] 

Q13: Note the cash flows for the entire ten years is Row 87. It is time to get the Present Value of 

these cash flow. Because of the way the formula is written in electronic spreadsheets, we need to 
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calc the Present Value of Years 1 through 10, then add manually the T=0 costs. Unlike the other 

questions, you will need to enter a formula, not use a pull-down menu. 

To calc the Present Value, use Cell H91. Enter “=NPV(rate, range)”. The rate is the equity discount 

rate you calc’ed in Q1 above. The range is I87:R87. This should return a value of $2029. No Instant 

Feedback is provided. This value will change for each scenario for the decision tree in Part B. 

The T=0 value is the future cash flows at T=0. This was calc’ed in Q9 above. However, we are not 

done yet! We have opportunity cost to consider. 

Q14:  Opportunity cost is the cost of lost opportunities. If we build the facility, the doctors forgo the 

opportunity to sell the property as is. The original cost was $270,000. That is SUNK COST and has no 

bearing here. However, the property is now valued at $350,000.  That is a lost opportunity. That is 

the correct selection for Cell H93.  

The Base Case NPV and Rosie Scenario 

If you have entered these fourteen questions correctly, you should see the base case NPV is $879,000 

(Cell H94). This is a pretty compelling NPV to move ahead with the project. However, we have several 

not so compelling scenarios to consider. These are the primary uncertainties. 

Without considering these uncertainties, we might fall in love with that beautiful woman, Rosie 

Scenario. And…the $879,000 of NPV is the engagement ring.  

Also, note the two-year NPV in Cell I94. This is needed in case the doctor group decides to pull out with 

a competitor entering at Year 2. 

Conclusion 

You have completed Part A of the MRI Case Study. Return to the courseware before downloading Part B. 

 

 

 


