Excel & Business Math
Video/Class Project #45
Cash Flow Analysis for Annuities: Savings Plans, Asset Valuation, Retirement Plans and
Mortgage Loan. FV, PV and PMT.
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1) Cash Flow Pattern Diagram for Future Value and Present Value of Irregular Cash Flows

e Example 1: Below is a picture of Cash Flows from a Savings Plan. What is Future Value of Savings Plan?
e Example 2: Below is a picture of Cash Flows a New Machine can Earn. How Much should we pay for such a machine?
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2) Future Value Calculation of Savings Plan with Irregular Cash Flows, Hand Drawings & Diagram.

If we are depositing amounts of money into o

ur bank account at the end of each few years (not each year), we can

make a Future Value Calculation on each individual amount to calculate what each Lump Sum’s Future Value is for
each deposited amount, and then add them to get the Total Future Amount in our Bank Account.

Define “Irregular Cash Flows”

o The Cash Flow Amounts are called “Irregular” because the amounts are not the same each period and the
time between each cash flow is not the same. This is to distinguish the Cash Flows from Regular or Periodic

Cash flows, which are equal in amoun

t each period and the time between each amount in equal.

The below picture illustrates how each deposited amount is an individual Present Value Lump Sum Amount that we
must use to calculate its Future Value amount. When we add the Future Value amounts we get the amount in the

bank account at the end of all the periods.

“’fw will ﬁy{ﬁ{?aﬁ}”‘z%’“

The ﬁf%@gw %a;g’” (-«mg;@@ ﬁawﬁ

Q/ . Jw
P eV KUY )

A{%-0)

into Yowr  Savings Accovnt +lat f%?g an
fﬂg K_ Mﬁ” @ &/% Comngoun sz‘ig"@g %gﬁ( 9
what 15 Future Valve in g Years < ¢
e Investiment 1n Panko:
|et .
gw@; Time o = #19000 The trick 15 fo fake
| ?f Time 3 = ;ﬁ),of 000 caclh PV amoout &
;g; Time ( = ¥ 15, 000 Calevlate twe FV of
N Time % = TV 3?& trat one Luwap §’vm/
s Thewn add...
no=
:A/} f/"’«w @ F\i ?\7
T 5 Add —> Twevest —> " .
o 2 3 4 ’ T T j N
Yeas Pt *, : ; ! 7
R) g Y v
PV Pv ®
\%i’f)i}io § 20,008 i ﬁ‘}jm ¢
§
Axw) 9
FV = Pv’%ﬁ““‘\‘%\“( * 3
E 50@09&(&%@ — 16,854, 00
& Mz-%) 3
FV = ?V*(Hf\)ﬁ o

ey z20000 5 106N B3 =324 7@%! 5|

@
oy
o

s 1593843

Fvz loooo ¥ (1+,06)

S ———————

["—5 Adding All Th

o TnteredTYFv Toial 5 59 55( 99

at Time % }

Page 3 of 21



3) Excel Example 1: Calculate Future Value of Savings Plan with Irregular Cash Flows.

[y

W 00 N o B W N

= |
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Example 1:

B

C

D

E

G

Future Value Calculation of Savings Plan with Irregular Cash Flows.

You will deposit the Cash Flows (listed below) into your Savings Account that pays 6%, compounded yearly

What is the Future Value after 8 years?

[uy
s

15

16 |

17

18 |

19

20 |

21

2 |

23

24 |
25 |

26

27 |

28

Variable Math Variable Excel Variable Number
Annual Rate (APR) i 0.06
Compounding Periods per year |n 1
Years X 8
Period Rate i/n rate 0.06
’Formula in cell E16: |Formu|a in cell F16: |Formu|a in cell G16: ]
=5DS$10-B16 =FV($DS11,E16,,-D16) =D16*(1+SDS11)"E16
Irregular Cash Flows FV (each calculation is
Into Bank, eachisa Total Number of a Lump Sum
PV amount Periods Calculation)
ol 12/31/2017 $10,000.00 8 $15,938.48 $15,938.48
1| 12/31/2018 7 $0.00 $0.00
2| 12/31/2019 6 $0.00 $0.00
3| 12/31/2020 $20,000.00 5 $26,764.51 $26,764.51
4| 12/31/2021 4 $0.00 $0.00
5| 12/31/2022 3 $0.00 $0.00
6| 12/31/2023 $15,000.00 2 $16,854.00 $16,854.00
7| 12/31/2024 1 $0.00 $0.00
8| 12/31/2025 0 $0.00 $0.00
$59,556.99 | $59,556.99 |
|Formula in cell F26: |Formu|a in cell G26: |
=SUM(F16:F24) =SUM(G16:G24)

29 |

AN
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4) Present Value Calculation of Irregular Future Cash Flows. Asset Valuation Calculation. Hand Drawings
& Diagram.

e |nthis example, a company has estimated that a new machine they are considering buying will generate future
profit (Cash Flows) for the company, as see here:

Irregular Cash Flows the

Machine will Generate,
each is a FV amount

12/31/2017
12/31/2018 $50,000.00
12/31/2019
12/31/2020 $25,000.00
12/31/2021
12/31/2022 $50,000.00
12/31/2023
12/31/2024
12/31/2025 $10,000.00

0 IN|O|L|B[WIN|FL|O

o If the Company has to earn an Annual Interest Rate or Rate of Return of 17% once they buy the machine, we can
estimate what the new machine should cost by calculating the Present Value Amount for each Lump Sum Future
Value Amount. In Essence, for each FV Lump Sum Cash Flow, we can “discount it back to Time 0”, taking all of the
interest that we expect to earn, and then add the Present Value amounts to estimate that maximum we should pay
for the machine. This example is illustrated in the diagram on the next page.

e Terms:

o Asset = Something we own or control that brings benefit to the company, like cash.

o Time 0 (Time Zero) is the time when we buy the asset.

o “discount back to time 0” = remove all the assumed interest from a FV Amount to get the PV Amount at
Time O.

o Asset Valuation Calculation = discount all future cash flows that asset will generate back to Time 0 so you
can estimate the maximum amount that should be paid for the asset.

o Future Cash Flows = Each Cash Flow in the future is an estimate at a point in time that considers all the cash
flows in and all the cash flows out. It is an estimate of the cash flow profit from the asset.
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5) Excel Example 2: Calculate Present Value of Irregular Future Cash Flows to determine Asset Valuation.

_ A
1 Example 2:

: _ C | D

E

"3 Present Value Calculation of Irregular Future Cash Flows. Asset Valuation Calculation.

3

4 'How much should you pay for a Machine for your business if it is estimated that it will generate the Cash Flows listed below

5 |Your business requires that the machine helps the business earn a 17% return (like interest or investment return).

6

7 VELELE Math Variable  Excel Variable Number

Required Rate of Return Annual Rate
8 |(APR) or Discount Rate i 0.17
9 |Compounding Periods per year n 1
10 |Years X 8
11 |Period Rate i/n rate 0.17

12|

13 |
14 |

15 |
16
17 |
18
19 |
20|
21|
22|
23
24|
25
26|
27|
28|
29
30 |
31
32|

Formula in cell E16:

Formula in cell F16:

Formula in cell H16:

Irregular Cash Flows the

Machine will Generate,

=PV($D$11,B16,,D16)
PV (each calculation is

a Lump Sum

=D16/(1+$D$11)7B16

=FV($D$11,B16,,E16)

each is a FV amount Calculation) PV Check Prove using FV
0 12/31/2017 $0.00 $0.00 $0.00
1 12/31/2018 $50,000.00 -$42,735.04 $42,735.04 $50,000.00
2 12/31/2019 $0.00 $0.00 $0.00
3 12/31/2020 $25,000.00 -$15,609.26 $15,609.26 $25,000.00
4 12/31/2021 $0.00 $0.00 $0.00
5 12/31/2022 $50,000.00 -$22,805.56 $22,805.56 $50,000.00
6 12/31/2023 $0.00 $0.00 $0.00
7 12/31/2024 $0.00 $0.00 $0.00
8 12/31/2025 $10,000.00 -$2,847.82 $2,847.82 $10,000.00

-$83,997.69] $83,997.69] <<== Maximum to pay for Asset

|Formu|a in cell E26:

[Formula in cell F26:

=SUM(E16:E24)

If the Machine Cost 72,500, wopuld you buy it?
If the Machine Cost 85,500, wopuld you buy it?
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6) Cash Flow Pattern Diagram for Future Value and Present Value of Periodic Cash Flows
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7) If We have Regular or Periodic Cash Flows, rather than Irregular Cash Flows, our Calculations for a FV
or PV Amount are Much Easier!!!

e Regular Cash Flows are defined as Cash Flows that are the same amount each period and the time between each
cash flow is the same. When you have a cash flow pattern like this, it is called an Annuity. Regular Cash Flows are
also called Periodic Cash Flows or Periodic Payments.
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8) Define Terms for an Annuity

Define Annuity

An Annuity is a financial debt or investment vehicle that contains Periodic Cash Flows that meet this definition:
1) Equal amount of Cash Flow each period
2) Time between each Cash Flow is the equal

Two Types of Annuities:

End Annuities: Cash Flows ocurr at the end of each period: Also called "Ordinary" Annuities
Begin Annuities: Cash Flows ocurr at the beginning of each period: Also called "Due" Annuities
** In this class we will study End Annuities.

Examples of End Annuities:

Savings Plan, where you deposit the same amount of money into an investment at the end of each period Example 3

Buying an Asset that will generate the same amount of cash flow at the end of each period Example 4
Receiving a Retirement Check for the same amount at the end of each month Example 5
Home Loans or Car Loans, where the monthly payment is the same at the end of each month Example 6

Picture of Savings Plan Annuity Cash Flow Pattern:

Savings Plan, where you deposit the same amount of money into an investment at the end of each period

FV=2?

-4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000

SAME Negative Periodic Cash Flow (PMT) at the end of each year
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9) Terms & Variables for Annuity Calculations

Financial Variable Name Math Symbol Excel Function Argument

Annual Rate (APR), Discount Rate,

Rate of Return i

Compounding Periods per year n

Years X

Period Rate i/n rate
Total Number of Compounding Periods |x*n nper
Present Value PV pVv
Future Value FV fv
Periodic Cash Flow / Periodic Payment |PMT pmt

** PV, FV and pmt arguments in Excel must have the correct Cash Flow Direction.

10)Formulas for Calculating Future Value of an End Annuity

(?U‘?U;e, Valve of EnMd Amﬁ%m{}a g
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11)Excel Example 3: Calculate Future Value for Savings Plan with Periodic Cash Flow in an End Annuity.

A | B | € | b

fExampIe 3:

G

H

L | M

Savings Plan, where you deposit the same amount of money into an investment at the end of each period

9 10 1 12

13

14 15

FV=2?

I —
RN

|
oy

-4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000 -4000

=G21/G22

=G23*G22
=FV(G27,G28,-G24)
=G24*G23

=G29-G30
=G24*(((1+G27)~G28-1)/G27)

FV =PMT*((1+i/n)?(x*n)-1)/(i/n)

1

Hl  Savings Plan with Periodic Cash Flow, Calculate Future Value

3

4|

5 4

j Lo r 2 3 4 5 6

giovers || | | ||

— I & &

10 |

E - SAME Negative Periodic Cash Flow (PMT) at the end of each year

13 fAt the end of each year you plan to deposit $4,000 into a Savings Plan that pays 5%, compounded yearly.

14 \What is the Future Value of this Savings Plan in 18 years?

15 |

16 |Does it meet the requirements for an End Annuity?

17 | 1) Equal amount of Cash Flow each period Yes v’

18 | 2) Time between each Cash Flow is the equal Yes v
Financial Variable Name Math Excel Value

21 |Annual Rate i 5%

22 |Compounding Periods peryear |n 1

23 |Years 18

24 'er__rl_o__d__lgéash Flow / Payment PMT |[pmt 4000

25 |Direction of Cash Flow? Negative

26 |Present Value PV pv NA

27 |Period Rate i/n rate 0.05

28 |Total # of Compounding Periods [x*n nper 18

29 Future Value FV fv $112,529.54

30 Total Amount Deposited = PMT * x*n = $72,000.00

31 |Total Interest =FV - Total Amount Deposited = $40,529.54

32| Check: Future Value: $112,529.54

33|

24| l'l«M” f \/(fm ner, PMT PV ,f;

35| 3 ?c ‘7‘ , ‘%“

36 freriod ﬂn ’ru 2 Ly

37 ‘L— — —f‘; ‘A/ \ QA J)h ’j T‘:"") 0‘:}9:;6.-.1'\‘

38 | * 5190 of cagyy £ 0w Mraddey < -P 4 ”’v; \ V'f(/),

39 ¥o Exce| ¥ INChgns 4 . / (&

AN

Page 11 of 21

<+
+——
<+—

Check Long Hand:
Cash Flow Year FV

0 0 $0.00
-4000 1 $9,168.07
-4000 2 $8,731.50
-4000 3 $8,315.71
-4000 4 $7,919.73
-4000 5 $7,542.60
-4000 6 $7,183.43
-4000 Z $6,841.36
-4000 8 $6,515.58
-4000 9 $6,205.31
-4000 10 $5,909.82
-4000 11 $5,628.40
-4000 12 $5,360.38
-4000 13 $5,105.13
-4000 14 $4,862.03
-4000 15 $4,630.50
-4000 16 $4,410.00
-4000 17 $4,200.00
-4000 18 $4,000.00

Total Future Value:

$112,529.54

=FV($G$21,5G$23-M20,,120)

=SUM(N20:N37)



12)Formulas for Calculating Present Value of an End Annuity
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13)Excel Example 4: Calculate Present Value of Future Periodic Cash Flows (End Annuity) to determine Asset Valuation.

| A B c D E F | 6 | H 1| 5 |k L | M| N o P | Q
1 |Example 4:
il Asset Valuation with Periodic Cash Flow, Calculate Present Value

3 Buying an Asset that will generate the same amount of cash flow at the end of each period
4

5 |

6 | 10000 (10000 ({10000 |[10000 |10000 |10000 |10000 (10000 (10000 [10000

7 | 0 1 2 3 4 5 6 7 8 9 10

g | Years |

0| o

10|

11 | PV=2? SAME Positve Periodic Cash Flow (PMT) at the end of each year
12 |

13 |How much should you pay for a Machine for your business if it is estimated that it will generate $10,000 in Cash Flows at the end of each year for 10 years.
14 onur business requires that the machine helps the business earn a 17% return (like interest or investment return).
15 |What is the maximum that we should pay for the Machine?

16

17 ‘iDoes it meet the requirements for an End Annuity?

18 \ 1) Equal amount of Cash Flow each period Yes v/ Check Long Hand:

19|  2) Time between each Cash Flow is the equal Yes v/

20 Cash Flow Year PV

pAl Financial Variable Name Excel 0 0 $0.00
22 |Annual Rate / Required Return / Discount Rate i 17% 10000 1 ($8,547.01) =PV(SHS28,M22,,122)
23 iCompoundir‘lg Periods per year n 1 10000 2 (57,305.14)
24 |Years X 10 10000 3 (56,243.71)
25 Periodic Cash Flow / Payment PMT pmt 10000 10000 4 ($5,336.50)
26 iDirecﬂon of Cash Flow? Positive 10000 5 (54,561.11)
27 Future Value FV fv NA 10000 6 ($3,898.39)
28 iPeriod Rate i/n rate 0.17 =H22/H23 10000 7 ($3,331.95)
29 |Total # of Compounding Periods x*n nper 10| =H24*H23 10000 8 (52,847.82)
30 |Present Value = Max To Pay for Asset = PV pv (546,586.04) =PV(H28,H29,H25) 10000 9 (52,434.04)
31 | If the Machine Cost 45,500, would you buy it? Yes! 10000 10 ($2,080.37)
32 \ If the Machine Cost 52,500, would you buy it? No!

= W ppra—— - Total Present Value: =SUM(N21:N31)
34 —— sAic)

35| d Check: Present Value: =H25*((1-(1+H28)A-H29)/H28)

o PV (’\/(“‘

37 | V sty = ¥ i . .

z ; \ PV =PMT*((1+i/n)A-(x*n)-1)/(i/n)

39 | % Sign of r-;ﬂ? 710'1

0| | Fons

41 |
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14)Cash Flow Pattern Diagram for Future Value and Present Value Annuities when we are Solving for the
PMT (Periodic Cash Flow) Amount
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15)Formulas for Calculating the PMT Value in an End Annuity When Present Value is Known
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16)Excel Example 5: Calculate PMT When Present Value Amount is Known. How Much Can We Withdraw at End of Each Month for Next 30
Years?

A B C D E F | G | H 3 S i K | L | M N

1 EExample 5:

Retirement Plan with $650,000 in Bank, What is Monthly Withdrawal We Can Make for Next 30 Years?

2

3 Receiving a Retirement Check for the same amount at the end of each month

o

5 4

o 2 | 2| 2| 2| 2| 2| »

Z 0 1 2 3 4 357 3s8| 359|360

o Months | R
9 | l L
10 |

E | PV=-$650,000 SAME Positve Periodic Cash Flow (PMT) at the end of each Month
13|

14 j‘How much can | withdraw at the end of each month for the next 30 years
15 |If  have $650,000 in the bank at 3.75%, compounded Monthly?

16
17 EDoes it meet the requirements for an End Annuity? Exce) Fuwchions TN N
18 | 1) Equal amount of Cash Flow each period Yes v’ e ( ,\..A) G“') (at wy
19| 2) Time between each Cash Flow is the equal Yes v’ '-‘(L"‘"f. " /' 2
| i : LYoy
Financial Variable Name Math Excel r J\/\T“ . [/]MT (vur A v‘q?\}
22 | Annual Rate i 3.75% )| e )
i z c [ Aot at-{ (€078 50\
23 |Compounding Periods per year n 12 _ (L,,‘ ot fart ) Nk |
24 |Years X 30 . ”'32 o elid P4 °‘:¢‘f AM‘|
25 |Present Value PV pv 650000 PRl ‘ — "‘1‘"
26 |Direction of Cash Flow? Negative ¢ ¥ce| Furentts N/
27 |Future Value FV fv NA
28 |Period Rate i/n rate 0.003125| =H22/H23
29 |Total # of Compounding Periods x*n nper 360 =H24*H23
30 |Periodic Cash Flow / Payment PMT pmt $3,010.25 =ROUND(PMT(H28,H29,-H25),2)
31| PMT Check: $3,010.25 |  =H25/((1-(1+H28)"-H29)/H28)
32|
33 | Total Amount Withdrawr] $1,083,690.00 =H30*H29
34 | Total Interest $433,690.00 =H33-H25
35| =
36 . .
= PMT =PV/((1-(1+i/n)"~(x*n))/(i/n))
38
aal
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17)Formulas for Calculating the PMT Value in an End Annuity When Future Value is Known

5 olve (W‘“ M

STV NS
- I
L

Matn Formula s

"%" ( 40
‘?‘\f.&wmw
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18)Excel Example 6: Calculate PMT When Future Value Amount is Known. How Much Should I Deposit at the End of Each Month to Become
Millionaire?
| A | B | ¢
1 |[Example 6:
.l How Much Should | Deposit Each Month for Next 30 Years to Become a Millionaire?

3 How Much to Deposit Each Month to Become Millionaire? Periodic PMT is an Annuity
4 |
5 | FV = $1,000,000
6 ‘ 0 1 2 3 L 357 358 359 360
7
‘Months | | | | | I I R
8 | ’
= N N N A A A A N N A
1Y } I TR - S * TN N - B S - S SR
11
12| SAME Negative Periodic Cash Flow (PMT) at the end of each Month
13|

14 |How Much Do | Need To Deposit at the End of Each Month to Become a Millionaire?
15 'We will assume we can invest in Stocks in an Index Fund that will eamn 10%, compiounded Monthly
16 |

17 |Does it meet the requirements for an End Annuity?

I xee| FunchonN 4

/T¢ ama)

[Toml#\

' - e<10d '\ ( g [ & Time o |
18 \ 1) Equal amount of Cash Flow each period Yes v/ " m?) \F ""“f- \P* Heee
19|  2) Time between each Cash Flow is the equal Yes v/ ;7 V / .

‘ YWT D g ote v FA a ,\\
2 U""‘ L€V amaity i M | (hh 7 M5 P A TR )

21 ELELEEIREE I ERETE Math Excel Value

yAREE >

22 ?Annual Rate / Required Return / Discount Rate i 10.00% [ Futore "'“‘;\ :\1‘;:»‘\ [t "{ \,ﬂuJ\
23 |Compounding Periods per year n 12 - ~I.‘-”",f“ ;M\_.,m /\ q.:\\-\ e
24 |Years X 30 X:’)r,?: Flov) b taew YO N>
25 |Present Value PV pv NA matrers N

26 |Future Value FV fv 1000000 fxcel Fupctions

27 |Direction of Cash Flow? Positive

28 |Period Rate i/n rate 0.008333333| =H22/H23

29 Total # of Compounding Periods x*n nper 360 =H24*H23

30 |Periodic Cash Flow / Payment PMT pmt (5442.38)] =ROUND(PMT(H28,H29,,H26),2)

31 | PMT Check: $442.38 |  =H26/(({1+H28)AH29-1)/H28)

32|

33”i Total Amount Deposited |(5159,256.80) =H30*H29

34 1 Total Interest $840,743.20 =H26+H33

35|

36

3 PMT =FV/(((1+1/n)A(x*n)-1)/(i/n))
38
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19)Excel Example 7: Calculate PMT For a Home Mortgage Loan, Where Loan is Positive Present Value Amount.
| A | 8B | ¢ | B | E | F | 6 | H 153 | K [ ¢ | M | N
1 Example 7:

M How Much is My Monthly House PMT, If | borrow $500,000 for 30 Years?

3 How Much to Deposit Each Month to Become Millionaire? Periodic PMT is an Annuity

4]

5| pv=$500,000

6 | 0 1 2 3 § s 357 358 359 360

7 months | | | | | [ [ | | ,

- L L4 Ld L L] S

9 |

10i ?? 2? ?? 2? ?? ?? ?? ?? 2? ??

11 \ SAME Negative Periodic Cash Flow (PMT) at the end of each Month

12|

13|

14 |

15

16 |

17 iDoes it meet the requirements for an End Annuity? Exce) Fumctions 3 )
18 | 1) Equal amount of Cash Flow each period Yes v/ —r ,.\ ‘;) :,: ))“u;w’ /
19 \ 2) Time between each Cash Flow is the equal Yes v/ Eome /S / ’
20| ‘ o v

s} — v
Y IV\T(‘ l/fv\ ’ Vate 'V\‘h‘q‘ w/(\'llhﬁ'}

pA8 Financial Variable Name

22 |Annual Rate / Required Return / Discount Rate i 4.25% ham . —
23 QCompounding Periods per year n 12 ( gﬂ.ﬂ":";,‘; ”“‘::.‘.\" |
24 |Years X 30 K Siow "(1 : peciod 5 :la,.“ M,
t FATAE dbis ) e \ Q5 0
25 |Present Value PV pv 500000 mukyevs ~'-"(- ; \ 3— /
26 |Direction of Cash Flow? Positive £ ¥cel Fuvenior? S
27 |Future Value FV fv NA
28 |Period Rate i/n rate 0.003541667| =H22/H23
29 |Total # of Compounding Periods x*n nper 360| =H24*H23
30 |Periodic Cash Flow / Payment PMT pmt (S2,459.70) =PMT(H28,H29,H25)
31 PMT Check: $2,459.70 |  =H25/((1-(1+H28)"-H29)/H28)
32 |
33|
PMT =PV/((1-(1+i/n)*-(x*n))/(i/n))
34
35
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20)Summary of Annuity Formulas:

FV & PMT,, for End Annuity

FV (Savings Plan) =FV(rate , nper , -PMT)

PMT (Savings Plan) =PMT(rate , nper, , FV)

*Skip PV arguments (put 2 commas)

if you put =PV in, it just means you had some $ in bank to start...

Math Formulas typed in Excel:

FV =PMT*((1+i/n)A(x*n)-1)/(i/n)

PMT =FV/(((1+i/n)A(x*n)-1)/(i/n))

PV & PMT,, for End Annuity

I:QIIT (Borrower Loan) =PMT(rate , nper , PV)

PV positive because bank lends it to you

EV (Asset Valuation) =PV(rate , nper , PMT)

PMT positive because cash come into business

* *Resulting PV negative because that is max you should pay for asset

Math Formulas typed in Excel:

PMT =PV/((1-(1+i/n)?-(x*n))/(i/n))

PV =PMT*((1-(1+i/n)"-(x*n))/(i/n))
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