Payback Practice 
1. Payback Period – Given the cash flows of the four projects, A, B, C, and D, and using the Payback Period decision model, which projects do you accept and which projects do you reject with a three year cut-off period for recapturing the initial cash outflow? Assume that the cash flows are equally distributed over the year for Payback Period calculations.
	Projects
	A
	B
	C
	D

	Cost
	$10,000
	$25,000
	$45,000
	$100,000

	Cash Flow Year  One
	$4,000
	$2,000
	$10,000
	$40,000

	Cash Flow Year Two
	$4,000
	$8,000
	$15,000
	$30,000

	Cash Flow Year Three
	$4,000
	$14,000
	$20,000
	$20,000

	Cash Flow Year Four
	$4,000
	$20,000
	$20,000
	$10,000

	Cash Flow year Five
	$4,000
	$26,000
	$15,000
	$0

	Cash Flow Year Six
	$4,000
	$32,000
	$10,000
	$0


Solution 
                     Project A: 
Year One: -$10,000 + $4,000 = $6,000 left to recover


Year Two: -$6,000 + $4,000 = $2,000 left to recover


Year Three: -$2,000 + $4,000 = fully recovered


Year Three: $2,000 / $4,000 = ½ year needed for recovery


Payback Period for Project A: 2 and ½ years, ACCEPT!

                    Project B:
Year One: -$25,000 + $2,000 = $23,000 left to recover


Year Two: -$23,000 + $8,000 = $15,000 left to recover


Year Three: -$15,000 + $14,000 = $1,000 left to recover


Year Four: -$1,000 + $20,000 = fully recovered


Year Four: $1,000 / $20,000 = 1/20 year needed for recovery


Payback Period for Project B: 3 and 1/20 years, REJECT!

                    Project C:
Year One: -$45,000 + $10,000 = $35,000 left to recover


Year Two: -$35,000 + $15,000 = $20,000 left to recover


Year Three: -$20,000 + $20,000 = fully recovered 


Year Three: $20,000 / $20,000 = full year needed 


Payback Period for Project B: 3 years, ACCEPT!

                    Project D:
Year One: -$100,000 + $40,000 = $60,000 left to recover


Year Two: -$60,000 + $30,000 = $30,000 left to recover


Year Three: -$30,000 + $20,000 = $10,000 left to recover


Year Four: -$10,000 + $10,000 = fully recovered 


Year Four: $10,000 / $10,000 = full year needed 


Payback Period for Project B: 4 years, REJECT!

2. Payback Period – What are the Payback Periods of Projects E, F, G and H? Assume all cash flows are evenly spread throughout the year. If the cut-off period is three years, which projects do you accept? 
	Projects
	E
	F
	G
	H

	Cost
	$40,000
	$250,000
	$75,000
	$100,000

	Cash Flow Year  One
	$10,000
	$40,000
	$20,000
	$30,000

	Cash Flow Year Two
	$10,000
	$120,000
	$35,000
	$30,000

	Cash Flow Year Three
	$10,000
	$200,000
	$40,000
	$30,000

	Cash Flow Year Four
	$10,000
	$200,000
	$40,000
	$20,000

	Cash Flow year Five
	$10,000
	$200,000
	$35,000
	$10,000

	Cash Flow Year Six
	$10,000
	$200,000
	$20,000
	$0


Solution 

                     Project E: 
Year One: -$40,000 + $10,000 = $30,000 left to recover


Year Two: -$30,000 + $10,000 = $20,000 left to recover


Year Three: -$20,000 + $10,000 = $10,000 left to recover

Year Four: -$10,000 + $10,000 = fully recovered


Year Four: $10,000 / $10,000 = full year needed

Payback Period for Project A: 4 years
                    Project F:
Year One: -$250,000 + $40,000 = $210,000 left to recover


Year Two: -$210,000 + $120,000 = $90,000 left to recover


Year Three: -$90,000 + $200,000 = fully recovered

Year Three: $90,000 / $200,000 = 0.45 year needed 


Payback Period for Project B: 2.45 years                                                                Project G:
Year One: -$75,000 + $20,000 = $55,000 left to recover


Year Two: -$55,000 + $35,000 = $20,000 left to recover


Year Three: -$20,000 + $40,000 = fully recovered 


Year Three: $20,000 / $40,000 = 0.5 year needed 


Payback Period for Project B: 2.5 years
                    Project H:
Year One: -$100,000 + $30,000 = $70,000 left to recover


Year Two: -$70,000 + $30,000 = $40,000 left to recover


Year Three: -$40,000 + $30,000 = $10,000 left to recover


Year Four: -$10,000 + $20,000 = fully recovered 


Year Four: $10,000 / $20,000 = 0.5 year needed 


Payback Period for Project B: 3.5 years
With a three year cut-off period, ACCEPT F and G, REJECT E and H.

3. Discounted Payback Period – Given the following four projects and their cash flows, calculate the discounted payback period with a 5% discount rate, 10% discount rate, and 20% discount rate. What do you notice about the payback period as the discount rate rises? Explain this relationship.

	Projects
	A
	B
	C
	D

	Cost
	$10,000
	$25,000
	$45,000
	$100,000

	Cash Flow Year  One
	$4,000
	$2,000
	$10,000
	$40,000

	Cash Flow Year Two
	$4,000
	$8,000
	$15,000
	$30,000

	Cash Flow Year Three
	$4,000
	$14,000
	$20,000
	$20,000

	Cash Flow Year Four
	$4,000
	$20,000
	$20,000
	$10,000

	Cash Flow year Five
	$4,000
	$26,000
	$15,000
	$10,000

	Cash Flow Year Six
	$4,000
	$32,000
	$10,000
	$0


Solution at 5% discount rate
Project A: 
PV Cash flow year one -- $4,000 / 1.05 = $3,809.52


PV Cash flow year two -- $4,000 / 1.052 = $3,628.12


PV Cash flow year three -- $4,000 / 1.053 = $3,455.35


PV Cash flow year four -- $4,000 / 1.054 = $3,290.81


PV Cash flow year five -- $4,000 / 1.055 = $3,134.10


PV Cash flow year six -- $4,000 / 1.056 = $2,984.86

Discounted Payback Period: -$10,000 + $3,809.52 + $3,628.12 + $3,455.35 = $892.99 and fully recovered

Discounted Payback Period is 3 years.

Project B: 
PV Cash flow year one -- $2,000 / 1.05 = $1,904.76


PV Cash flow year two -- $8,000 / 1.052 = $7,256.24


PV Cash flow year three -- $14,000 / 1.053 = $12,093.73


PV Cash flow year four -- $20,000 / 1.054 = $16,454.05


PV Cash flow year five -- $26,000 / 1.055 = $20,371.68


PV Cash flow year six -- $32,000 / 1.056 = $23,878.89

Discounted Payback Period: -$25,000 + $1,904.76 + $7,256.24 + $12,093.73 + $16,454.05 = $12,708.78 and fully recovered

Discounted Payback Period is 4 years.

Project C: 
PV Cash flow year one -- $10,000 / 1.05 = $9,523.81


PV Cash flow year two -- $15,000 / 1.052 = $13,605.44


PV Cash flow year three -- $20,000 / 1.053 = $17,276.75


PV Cash flow year four -- $20,000 / 1.054 = $16,454.05


PV Cash flow year five -- $15,000 / 1.055 = $11,752.89


PV Cash flow year six -- $10,000 / 1.056 = $7,462.15

Discounted Payback Period: -$45,000 + $9,523.81 + $13,605.44 + $17,276.75 + $16,454.05 = $11,860.05 and fully recovered

Discounted Payback Period is 4 years.

Project D: 
PV Cash flow year one -- $40,000 / 1.05 = $38,095.24


PV Cash flow year two -- $35,000 / 1.052 = $31,746.03


PV Cash flow year three -- $20,000 / 1.053 = $17,276.75


PV Cash flow year four -- $10,000 / 1.054 = $8,227.02


PV Cash flow year five -- $10,000 / 1.055 = $7,835.26

PV Cash flow year six -- $0 / 1.056 = $0

Discounted Payback Period: -$100,000 + $38,095.24 + $31,746.03 + $17,276.75 + $8,227.02 + $7,835.26 = $3,180.30 and fully recovered.

Discounted Payback Period is 5 years.

Solution at 10% discount rate

Project A: 
PV Cash flow year one -- $4,000 / 1.10 = $3,636.36


PV Cash flow year two -- $4,000 / 1.102 = $3,307.79


PV Cash flow year three -- $4,000 / 1.103 = $3,005.26


PV Cash flow year four -- $4,000 / 1.104 = $2,732.05


PV Cash flow year five -- $4,000 / 1.105 = $2,483.69


PV Cash flow year six -- $4,000 / 1.106 = $2,257.90

Discounted Payback Period: -$10,000 + $3,636.36 + $3,307.79 + $3,005.26 + $2,732.05 = $2,681.46 and fully recovered

Discounted Payback Period is 4 years.

Project B: 
PV Cash flow year one -- $2,000 / 1.10 = $1,818.18


PV Cash flow year two -- $8,000 / 1.102 = $6,611.57


PV Cash flow year three -- $14,000 / 1.103 = $10,518.41


PV Cash flow year four -- $20,000 / 1.104 = $13,660.27

PV Cash flow year five -- $26,000 / 1.105 = $16,143.95

PV Cash flow year six -- $32,000 / 1.106 = $18,063.17
Discounted Payback Period: -$25,000 + $1,818.18 + $6,611.57 + $10,518.41 + $13,660.27 = $7,608.43 and fully recovered

Discounted Payback Period is 4 years.

Project C: 
PV Cash flow year one -- $10,000 / 1.10 = $9,090.91

PV Cash flow year two -- $15,000 / 1.102 = $12,396.69

PV Cash flow year three -- $20,000 / 1.103 = $15,026.30

PV Cash flow year four -- $20,000 / 1.104 = $13,660.27

PV Cash flow year five -- $15,000 / 1.105 = $9,313.82

PV Cash flow year six -- $10,000 / 1.106 = $5,644.74
Discounted Payback Period: -$45,000 + $9,090.91 + $12,396.69 + $15,026.20 + $13,660.27 = $5174.07 and fully recovered 
Discounted Payback Period is 4 years.

Project D: 
PV Cash flow year one -- $40,000 / 1.10 = $36,363.64

PV Cash flow year two -- $35,000 / 1.102 = $28,925.62

PV Cash flow year three -- $20,000 / 1.103 = $15,026.30

PV Cash flow year four -- $10,000 / 1.104 = $6,830.13

PV Cash flow year five -- $10,000 / 1.105 = $6,209.21

PV Cash flow year six -- $0 / 1.106 = $0

Discounted Payback Period: -$100,000 + $36,363.64 + $28,925.62 + $15,026.30 + $6,830.13 + $6,209.21 = -$6,645.10 and never recovered.

Initial cash outflow is never recovered.

Solution at 20% discount rate

Project A: 
PV Cash flow year one -- $4,000 / 1.20 = $3,333.33

PV Cash flow year two -- $4,000 / 1.202 = $2,777.78

PV Cash flow year three -- $4,000 / 1.203 = $2,314.81

PV Cash flow year four -- $4,000 / 1.204 = $1,929.01

PV Cash flow year five -- $4,000 / 1.205 = $1,6075.10

PV Cash flow year six -- $4,000 / 1.206 = $1,339.59
Discounted Payback Period: -$10,000 + $3,333.33 + $2,777.78 + $2,314.81+ $1,929.01 = $354.93 and fully recovered

Discounted Payback Period is 4 years.

Project B: 
PV Cash flow year one -- $2,000 / 1.20 = $1,666.67

PV Cash flow year two -- $8,000 / 1.202 = $5,555.56

PV Cash flow year three -- $14,000 / 1.203 = $8,101.85

PV Cash flow year four -- $20,000 / 1.204 = $9,645.06

PV Cash flow year five -- $26,000 / 1.205 = $10,448.82

PV Cash flow year six -- $32,000 / 1.206 = $10,716.74
Discounted Payback Period: -$25,000 + $1,666.67 + $5,555.56 + $8,101.85 + $9,645.06 + $10,448.82 = $10,417.96 and fully recovered

Discounted Payback Period is 5 years.

Project C: 
PV Cash flow year one -- $10,000 / 1.20 = $8,333.33

PV Cash flow year two -- $15,000 / 1.202 = $10,416.67

PV Cash flow year three -- $20,000 / 1.203 = $11,574.07

PV Cash flow year four -- $20,000 / 1.204 = $9,645.06

PV Cash flow year five -- $15,000 / 1.205 = $6,028.16

PV Cash flow year six -- $10,000 / 1.206 = $3,348.97
Discounted Payback Period: -$45,000 + $8,333.33 + $10,416.67 + $11,574.07 + $9,645.06 + $6,028.16 = $997.29 and fully recovered

Discounted Payback Period is 5 years.

Project D: 
PV Cash flow year one -- $40,000 / 1.20 = $33,333.33

PV Cash flow year two -- $35,000 / 1.202 = $24,305.56

PV Cash flow year three -- $20,000 / 1.203 = $11,574.07

PV Cash flow year four -- $10,000 / 1.204 = $4,822.53

PV Cash flow year five -- $10,000 / 1.205 = $4,018.78

PV Cash flow year six -- $0 / 1.206 = $0

Discounted Payback Period: -$100,000 + $33,333.33 + $24,305.56 + $11,574.07 + $4,822.53 + $4,018.78 = -$21,945.73 and initial cost is never recovered.

Discounted Payback Period is infinity.

As the discount rate increases, the Discounted Payback Period also increases. The reason is that the future dollars are worth less in present value as the discount rate increases requiring more future dollars to recover the present value of the outlay.
4. Discounted Payback Period – Graham Incorporated uses discounted payback period for projects under $25,000 and has a cut off period of 4 years for these small value projects. Two projects, R and S are under consideration. The anticipated cash flows for these two projects are listed below. If Graham Incorporated uses an 8% discount rate on these projects are they accepted or rejected? If they use 12% discount rate? If they use a 16% discount rate? Why is it necessary to only look at the first four years of the projects’ cash flows?
	Cash Flows
	Project R
	Project S

	Initial Cost
	$24,000
	$18,000

	Cash flow year one
	$6,000
	$9,000

	Cash flow year two
	$8,000
	$6,000

	Cash flow year three
	$10,000
	$6,000

	Cash flow year four
	$12,000
	$3,000


Solution at 8%
Project R: 
PV Cash flow year one -- $6,000 / 1.08 = $5,555.56


PV Cash flow year two -- $8,000 / 1.082 = $6,858.71


PV Cash flow year three -- $10,000 / 1.083 = $7,938.32


PV Cash flow year four -- $12,000 / 1.084 = $8,820.36

Discounted Payback Period: -$24,000 + $5,555.56 + $6,858.71 + $7,938.32 + $8,820.36 = $5,172.95 and initial cost is in first four years, project accepted.

Project S: 
PV Cash flow year one -- $9,000 / 1.08 = $8,333.33


PV Cash flow year two -- $6,000 / 1.082 = $5,144.03


PV Cash flow year three -- $6,000 / 1.083 = $4,762.99


PV Cash flow year four -- $3,000 / 1.084 = $2,205.09

Discounted Payback Period: -$18,000 + $8,333.33 + $5,144.03 + $4,762.99 + $2,205.09 = $2,445.44 and initial cost is in first four years, project accepted.

Solution at 12%

Project R: 
PV Cash flow year one -- $6,000 / 1.12 = $5,357.14

PV Cash flow year two -- $8,000 / 1.122 = $6,377.55

PV Cash flow year three -- $10,000 / 1.123 = $8,541.36

PV Cash flow year four -- $12,000 / 1.124 = $7,626.22
Discounted Payback Period: -$24,000 + $5,357.14 + $6,377.55 + $8,541.36 + $7,626.22 = $3,902.27 and initial cost is in first four years, project accepted.

Project S: 
PV Cash flow year one -- $9,000 / 1.12 = $8,035.71

PV Cash flow year two -- $6,000 / 1.122 = $4,783.16

PV Cash flow year three -- $6,000 / 1.123 = $4,270.68

PV Cash flow year four -- $3,000 / 1.124 = $1,906.55
Discounted Payback Period: -$18,000 + $8,035.71 + $4,783.16 + $4,270.68 + $1,906.55 = $996.10 and initial cost is in first four years, project accepted.

Solution at 16%

Project R: 
PV Cash flow year one -- $6,000 / 1.16 = $5,172.41

PV Cash flow year two -- $8,000 / 1.162 = $5,945.30

PV Cash flow year three -- $10,000 / 1.163 = $6,406.58

PV Cash flow year four -- $12,000 / 1.164 = $6,627.49
Discounted Payback Period: -$24,000 + $5,172.41 + $5,945.30 + $6,406.58 + $6,627.49 = $151.78 and initial cost is in first four years, project accepted.

Project S: 
PV Cash flow year one -- $9,000 / 1.16 = $7,758.62


PV Cash flow year two -- $6,000 / 1.162 = $4,458.98


PV Cash flow year three -- $6,000 / 1.163 = $3,843.95


PV Cash flow year four -- $3,000 / 1.164 = $1,656.87

Discounted Payback Period: -$18,000 + $7,758.62 + $4,458.98 + $3,843.95 + $1,656.87 = -$251.58 and initial cost is not recovered in first four years, project rejected.

Because Graham Incorporated is using a four year cut-off period, only the first four years of cash flow matter. If the first four years of anticipated cash flows are insufficient to cover the initial outlay of cash, the project is rejected regardless of the cash flows in years five and forward. 
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