Engineering Economic Analysis

Author: Assistant Professor Osama Mohammed Elmardi Suleiman
Khayal
Mechanical Engineering Department
Faculty of Engineering and Technology
Nile Valley University
Atbara, Sudan

Engineering Economy  swigl) sLaidy)
LAl Calaa)
digall daga g Gunigall 5 anigdl iy 28 -
aalny) 5 zlwy) p syl e e Cajedll -
adlaal pasd 5 ownigll SLaBY) Cay a3 -
CCEA Ja dangia e Gl -
Gandl )55 5 paall 5 lhall e caadl)
Jolail) 4oy Lo il 5 Call&il) e o jeill -
agaill el o) gif 5 5 8l agia 3l Al e Capedl -
o8l v 5 Sl e e Caadll -
a5 g s el apill o)l -
DY) 5 izl e Gapalll -
Y Jidas ol a) -

Js¥l L) Calaai

Oadigall daga 5 Gunigall g dmdigll Ciy 25 -
aalny) oyl yaladyl e e ol -
adlaal maad g _wdigl) SLaBY) Cay e -
OASEl Ja 4ngia Ao oyl -

datha ; J oY) Qi)

Osdigall - (adigall dage - duaigl -

Y maaill pe - Gaila e g g pdall aainy -
Loy AlSiall - dlaByl ale -

b‘)ﬂ‘ -

(Al dm i) AAIS3) gl 5 JERYI
anlaBy) il <51 -

gy dalse - iyl -

Byl Ayl -

Al Luglie - aaliyl -

S alaimy) - el slasyl -

gl ALa®®Y) e Caagd) - waigl a8yl -



b gisall -
COSEL Ja daagia -
]ty alladul o -

Engineering 4waigll

Zll Gl 5 AiSae 48l 8L 5 (S Lo danuly adinall OIS Jad Gajlaall g lall Gk
by 5 il Culall a5l 3 5 il sae G ) A 3as)

uaigal) dages
sl aainall Laldy54a) ) 5 (V) el
udigall

a5 4 satill lanl) A el Gl o8
dgidal) dwigl)

Fssig)) Slmads S (&l il anldl

O:'AU.A{;'[C .Ld.'f.t.'r"(.u.'.l'g_f/ &uu'm.f/
) s aall ]
laBY) g saall 2

pranail) 2,058 AAIST 48 jra (o 208 Lol aranadll o pai® V5 sl iy Guaigall o
Y e 3 ol 2y

JSLie Pha Guaigall o

A8 LA e ppenatll S G TAY e

adl<all Jale Jayy JiaY) sl jiay e

sy e i 23

el e) i Cliss g drga 8 Ciay (A aledl (aa 89 5) Curams adl o

6 simsall ad 51 KU LY 3aly ) capalai®T aald )l dul o (Asaldll Sladdl) g o
Ol Sl

pet sl b Gl Leldiay) agilhpuaty oAV Jlialy duly Judle il
Al agilaliiny a8 5l jal



Lo Osediion Sl 4d ) Cladiaadl 5ol 3Y) Lo sy 3l ekl dul o ¢ gudabs o
aladl o8 a0 558 A0Sy el 2 e aludl Calise ZUBY 5 Ul Al a8 )l ge
Jaisall 5 puzalall 8 I (i aaiaall 3 clelaall 5ol ) Calida e

dal clelaall 5 ol Y1) & gl Al )3 g 2any 4l Al pualic aany V) s

FUS PN
Agalaidy) Alial) dagh

s22a%a g ol Jia g o3 gana pall odl i) Cilalia) 4nli e adinall 3 )38 aae 4nlai@y) Al
L) 5 ane gl i) o) sall LUS aac o (e sans) Doaliny) o)) gall o 2l Cany 4lilia
aglay) clalall as
Jellyg

Glalall 2=’ o

)l 3500 @

Scarcity s il

03 5 sall ) sall (g ST (il ) oy i e

Choice and Sacrifice 4w&aill g jLady)

alnall da Al SIS it 5 (g AT abu dpmazaill o L @) Giany e Jgeandl i iy
Opportunity Cost Al 4 il 441

Production Possibility Frontier gus¥) dsilsal siaia



O B

2 ()5l JalS 5 Jial aladinal axe) LY (Say sl Jaly -
IM\GJBCmy\QSA,)YDJJﬂ\ -

M, N (oo 38 sy 5 sl ol imiall e alaii ol jlgay) -
M, N JeiS 5 Jial U il e -

Jiia
i ly s 42X peshellia 5 ke dakdd ol Jil ais 10 flae Canad Laas )yl

5 kel adad e 5ol 8 (8 AS LA S ) se B AlSal aus ) ial Sl el (5 sl an e 2

Gt R

Aol da il dalSs

BIEES e

JiY 2 ) sall anads &

a)ﬂ\ _Li\
AaalY |42 X
10 0
8 1
6 2
4 3
2 4
0 5




JGa
8 gana () 50) &l,x&i Jile 5 Ll sa0ata godgian e Cilala o 4laidy) Al dals
INains) (e Adsind Ky le el Goas o caay (€05 Lolat Al o3 e il (S Y
Y s LY Sl iaie Leddiie 3 )l sall

ool ]

Al 4 il 28IS3 D

sy 3

) sall i alaziudl 4
gy
aaclaadl 54l il Hl g LY snaadl e ) sea (8 aluall 53] gal Hdlaall alasiny)
Jatal)
(Mgl i 1 Clas 5) i ) al JATY s sl G 31 sall Jla
AgalaiBy) Lial) oS i

S 5 S 5 wmTcedsana )l s What to produce il 1dle e

AiSaa 4dlSs Ji Ll sl sl How to produce @il s o
3 geaall aalall s (5 bl #UBY) 0 558 To whom to produce @il (! e



Production g&%)

i L ol sl o i 1 M (535 bl
oedbe Jog ook dadie SO0 JSE i e
AT ik Al Ja e
Dl e U ARl Al) o

Production Factors g Jal e

gkl 5 ) sall Land g2

al dilie 2L L) 5 seaall Labordasd)
Capital Jwll iy

Management and Organizing adaill s » sy

83 ganall 3 ) sall anasil (ol jed g &5 (il §8) saliaiyl albaill JS& dyaliaiy) Al Ja
alaa ) aasadl
Economic Systems 4salaidyi ekl

oSai il g i) 2 A G AaLaBY) B plais i) (ool de sene (galaiiyl Sl
Aty Lozl s jlas o peS sl

g LY ale (5] 2l ay ) Apalai®y) Cllaall e 3 jhad) Jila s de sane algSISy S5 paY)
(ke

Capitalism (lawl il aliily

Zpall - ol @l - Gandl Ui - diald Al ¢ alud) Z U1 8 s s (b sndl SLa] 33Lu
G m ¢ sbaBY) LaLidll 84l sal) JAxi ane 5 apbay)

Socialism (S _ady) aladl)

AelaiaY) Alaall - Lusis - a5l Allac 5 AUSH Gt (aba®y) LU L8 3 pll Jax
8l ) Jare chabad) oo sall b)) dgati — (5 S o laphadd - (Apslai Alsn ) dpelean 48k
de) 4yl clalall gl (elia N el))) 4l s ¢ iyl ¢ gLy
(LS Y 4y )5 pua

Islamic (eSbl) aliit)

Al 3 OL)EM R “:'311‘““} 6)‘-‘-‘:\2” d}s-a;‘)[ Géj



D st AdlA 54y sine a2 5aall) 2gana (SUal 4l 4 s - s 52 e A8k e
- (e mllas adlen 5 Gila! HaY) (g JSia) Ly aia s g pdll 358 o g ge daad 4y i
Allall Gl Jasdl e}l ¢ )5l Tase ¢ ple JalSS ase — o5 il &) ) dpeLain) Alas)
GlBaa 538 ) — ydll g bl ) ae —

Productivity 4saly)

Jial (30 ) 5 Ao 285 5 4 gua 33 sy 3 ) gl alodinly Jaad) i) — 2 LD aliie
bperea

cargll 3a8a3 e Efficiency sslisl) e
3l sall (JiaY) alaziny) Effectiveness dulladl) o

Microeconomic (Al suaidy)

Al a5 ellgianal A8 Gl 5 Claadd) g adaall U] oy

Macroeconomic (s sLaiéy)
D)l i) 5 (gl JRall 5 JSS acinall JSLaa 5 aldaalls Sig
Engineering Economy (swigl sLaséyi

Cun (e lgie VI Lia) g abadl a i) 5 cilinal apdil deodiuall cadluT 5 Gun)
L8 g3 50 a2y 4p0laiBY) (5 gaal)

sl e aaiad 5 LiHlie 5 apiell areatll LA e gabaBy) Jalail) iy Gk
O5Ss G ypaidl 5 i€l JW e 5 clansdl G5 oY) oo JWl A a5 agaiill
agaail) e l)

Objectives of the Course  swiigd) La@y cpa cisgl)

4 (g gaal) Gl areaill ) LA Jdat 935 jie @
LS}J.;J\ QLILM\JJ ;\ﬁ;\ °

Contents <l siaall

Demand & Supply ikl 5 o2l e
Types of Costs 4dlsill g1gii o



Time Value of Money 283l 4ia 3l 4adl)
Evaluation of one Project sals g s sdu axs
Comparison of Alternatives bl 4 jlia
Depreciation & Inflation sl g dMay)
Replacement Analysis JaY) s Jiaiudi
Risk & Uncertainty il axe 5 s jhalial)

Problem Solving Methodology «SSéall Ja dagia

Problem Definition A<l cay =5 ]
Problem Boundaries Jal) cibllaia g alSiall 3 gas 3aa3 2
Generating Alternatives Jall &l jba ~) 81 3
Comparison of Alternatives < all 45 jae 4
Choosing Best Alternative J=8¥) jball jlasl 5
Implementing Best Alternative _Lall Guks |6
Feedback 4sels jiwy)4daill 7

Adad) ablis o gild

tda g i

GAY) Al 5 Y] (e 2l paie Jady pui ]

Gl 5 oS e alilaie adliadd) Clas gll 0S5 2

i aadiall aluyl baadll 3
G AY ZEY) jualic (e 45 S ) 2 lY) jualic aal O Agsbasia 5 4glliie Clas Cadpcal 131 aly
uaﬁl.\ﬂ\@‘dﬂ\ VY 0l \A.uu.\uh‘;\ dya;l\‘;zau\)udﬂ\ U}A

andlalal |zl gie S zLy) Jlaadl 2 | (2, dalus 4 il B8
8 8 8 1 1 1
12 10 20 2 1 2
13 11 33 3 1 3
15 12 48 4 1 4
7 11 55 5 1 5
5 10 60 6 1 6
3 9 63 7 1 7
0 7.9 63 8 1 8
3- 6.7 60 9 1 9
5- 5.5 55 10 1 10

8-0=8,20-8=12,33-20=13,48-33 =15 : 4nall




Case Study 4wl s dla

Y53 10000 Leie Cinda Y 53 100000 flias 43S (385 dny ) 43 s (553l LilBacal aal
e aby o o BEY) Gab Y 52 90000 mdal ey e G 8 Jas 5 palad) e (1
e o O R Y50 15000 @ L 4 s 4dlua 488 Glllia 5 L Y 52 10500
,ah\j&idﬁ)@_ﬂ\‘_g{‘iﬁ 360 « il

SV o a3 allall oda s

C b s T allia e dlina Sy da ]
A0 KN el Jal cl ldll A e 2
2 bl lall apulail) i), 3
Gl all 45 el 4dy yl jlaal 4
Aua muaii a5

AN Gl Claai

Slaa¥) aast g Gaaad) ) g T Je o pail)l
2 caly -

llal) g o2 ad) ;AU Glal)

NRIATI

sl -

Gl Ol -
acliall o gela -
2caly -

Demand & Supply <kl s o )

Ll (8 O sSlgtnall ey N LS Demand Lkl

QD =f(P1,1,Psl,Ps2, ...... ,Psn, H, M, ID)

@Y M oSl aaa s H oAbl i sxe 0 Ps Jaal) husie 1 | 4l & PR
AN a5 1D il

; (203 ¢ gal) ¢ (¢ L) lpany daa dat 4l ol

(O e e oAl dalu e oy ) lalaal el (alddd) e a2d058 adi aleSa alu



Ol Galias) ae 4 slaall 4paSll oy 3 5 AN el sall Cil 2 Q & P 48Dle

Unit Price

Demanded Quantity

Leali) ol Leay 8 cliiall e i Al laaSl ;- Supply g e
Qs=f(O, T,P1,P2, ... , Pn, Ppl, ....., Ppn)

L Ppl, ..., Ppn Al g oLl :P2) L PR asladl i P1 LS5 T Cangd) :0
zll Jal e clana (el

Ol [alias) ae duza s yrall Sl Gl (5 A el sall Cli g Q & P 483e

Unit Price

Supply Quantity

10



11

Unit Price

Surplus

Equilibrium

Shortage

|
|
|
|
|
|

Demand & Supply Quantity

adlinall cileliall o seia

Client (Owner)(Investor) <l 1

Consultant (Advisors) ( Designers) ¢ seaas 2
Lenders ( Financiers) osl s .3

Executors (Contractors) ¢ sxie 4

Suppliers us3s .5

Users osxdius 6

Gleaaii Jae 8 G el 5 alhll o il 7 a0 : qualg

aidall anaigl)
d)\,\S}LB)LcAchGJQAch;w\
g )Ldia) Gl Ly k)

Y glia 3adia IS p% Al ;g

4l el Auigl
aflls (4niy pSI g VLA 54l 368 5 jgal) aalu

ASHS) gl
(Q\J:\._xu\) 4=l
2l La



12

43lla

alitine 48l Gl il i (3 edl i dalus : allal

AiLeS) i)
AiLaSl e Llical) 4ales
Gt’\.’a\ ha pal Glalee

aali llal)

Gl ) calaa
A P2 P B ES S
Jalaill ddads pass -

Cost Adlsil) ; Gl cild)
adl<ill gl -
Jalazl) Adasy
3 t—\;\} -

dalsil) g il

Direct Material »_&bwll ol ol v/



(Sladia A Alad) o) gall Jysa3) 5 eaY): Direct Labor 35kl allaall

- il pa — (i : Over Head Cost : Indirect Cost o silae sl Cadlsil)
BESY

callil) Cavial

Direct a& Indirect (Overhead) Costs s xilie e g6 il CallSs

& ol Variable e oxsie : Fixed & Variable Costs e _msie 5 435 il
Sa) — ) — FlY) e aaiad Y Fixed 4l zUY) aas s

Y]

daaall yilaall 8 Alsus Historical Cost dudg )i al<s

Z U 4y .8 Standard Cost 4l Callsil)

Replacement Cost JoaY) callss

4dlia) oo g0 ZLGY) 300 ) (e 4230 @IS Marginal Cost 4xas Callss

aadiall )l Al da all plass 45 Opportunity Cost Abadl (o &l Callss
dna — 3 - 4les Sunk Cost 48 jle allss

Clara 5l $la) Deferred Cost dla 5e CallSs

4 dalall CallSill o) il sas & dleacads Jlaw (8 ¢ 5 pde HUaT

NN N NN

ANANENENENE NN

cal g

Break Even Point Jatail) s

LSl Aaals e lad) &5 el

4N Glailall ae Total Cost TC 4l cadlsal] (g bt Laxie: Jaladl) adags Ghaal
Total Revenue TR

Uw\jc__ul\ O Adalatia )

TC=FC +VC (x) TR =R (X)

Jaladl) ddaay Aie

TC (X) =TR (X)
Rx=FC+ VC (x)
(R-VC)x=FC
Q=x=(FC/(R-VQ))
FC : Fixed Cost

VC : Variable Cost

R : Price / Unit

Q : x : Quantity
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Loss

Revenue / Cost

X Quantity

TR=TC

Rx=FC +VC(X),5x=300+(2.5)x,x=300/(5-2.5) =200 Units
At x = 1000 Units: Profitor Loss=TR - TC

=5 X 1000 - (300 + (3.5 X 1000) = 5000 — 3800 = 1200

+Ve: Profit , -Ve: Loss

Jalasil) ddasy el

5 3188 dlus) aull 3Ly 6l TR Ao Jae sl y v/

(o8 Anln) anll jaa 335 ) e 3L )
(42 sma) FC 4ulill Call<il) e Jlis v/

(Al 5 3 50 CallSS) VC o e CallS Ally Joe LS5 v/

(2)dse
40l Callsll 160000 hr / year 43l 8$ 85.56 / hr gl J2w $ 62 / hr o_jiia 4313
sl $ 2024000 /year
L@.\.\.\.Au“. .}ddw\‘dagj 1
o Saial) Cadltll o 10 %% anlil)l Cadl<all Cacadd 13 Jaladl) 3dads 3 madddl) g8 L D
10 % gl s 213 5110 %

At Breakeven: TR=TC

Rx =FC + VC(x), x =FC /(R - VC) = 2024000/ (85.56 — 62)
= 85908 hour / Year
X = 85908 / 160000 = 0.537 =53.7 %
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10 % reduction in FC:

x = (0.9 (2024000)) / (85.56 — 62) = 77.318 hour / year
(85908 — 77318) / 85908 = 0.10 = 10 % reduction in x

10 % reduction in VC:

x = 2024000 / [85.56 — 0.9(62)] = 68011 hours / year
(85908 — 68011) / 85908 = 0.208 = 20.8 % reduction in x

10 % increase in R:

X = 2024000/ [1.1(85.56 — 62)] = 63021 hours / year
(85908 — 63021) / 85908 = 0.266 = 26.6 % reduction X

Breakeven point is more sensitive to reduction in variable cost than to
the same percentage reduction in fixed cost and highly sensitive to the
sensitive price.

(3) Jue
3335 1000 Y OIS 13 Juaii Lag) A, B olisSle Ll

B «sk A 4ask
29.2 4.15 i + Clare + 4 58 (IS
0.044 0.11 o2 5l g il IS
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Q
200 380 1000 Quantity

Geometrically

A: 4.15+0.11 (X) = TCA,
B: 29.2 +0.044 (x) = TCB

Analytically

Breakeven Point:
TCA=TCB

4.15 + 0.11 (x) = 29.2 +0.044 (x)
0.066(x) = 25.05, x = 379.5 say 380 Units

A:4.15+0.11 (380) = 45.95
B: 29.2 +0.044 (380) = 45.05

If x =100 Units

A: 4.15+0.11 (1000) = 114.15
B: 29.2 +0.044 (1000) = 73.2

Choose B which has LESS COST

17



If x =200 Units

A: 4.15 + 0.11 (200) = 26.15
B: 29.2 +0.044 (200) = 38

Choose A which has LESS COST

(4) Ja

Y dlee 3 obasl YISl sl

B A
130 100 Parts / hr Y Jae
6 hr / day 7 hr / day U o siall cile L)
10 % 3% Gl

OSLl (e (6 Jarial) 48S3 ¢ § 12 g L Al adail) ¢ 3as) ) 4xdaill § 6 o) sl 4SS
Acllll 4$ 5 4w edl) Callill caclll 3 15

ol (A gy ol (i) s Sl 6] ]
. (Breakeven) A g S 4a e B oSl callill 4 A e 2
Profit/ day = = R/ day — C / day
= (Production rate) (Production hours)(12 / parts) X [1 — (% rejected / 100)]
- (Production rate) (Production hours) (6 / Parts)
- (Production in hours) [(15 / hour) + (5/hours)]
A =(100) (7) (12) (1 —0.03) — (100) (7) (6) — (7) (15 —5) = 3808 / day
B =(130) (6) (12) (1 —0.10) — (130) (6) (6) — (6) (5 +5) = 3624 / day
To maximize profit choose A
3808 = (130) (6) (12) (1 — X) — (130) (6) (6) — (6) (15 +5)
X =0.08

The % of parts rejected for machine B can be no higher than 8 % for it to be
as profitable as A
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Ex (5): Which of the following is fixed or variable cost?

Raw material

Direct labor
Depreciation

Suppliers

Utilities

Properly taxes

Interest on borrowed money
Administrative salaries
Payroll taxes
Insurances

Clerical salaries

Rent

VVVVVVVVVVVY
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Types of Cash Flows 4sil) cilidail) g1 g

Single Sum of Money ¢ sana |1

F =
1 n

?

Ol 1 2 eeeeeeeeeenaeee n - Years (Period)
Single Sum
P
F=P@+i)",F=P(F/Pi,n)

(1 +i)", (F/ P, n): Single Sum Future Worth Factor
W & sanal Aliiinall el Jalea

(1) Jia
F
i=12 %
ol 1 2 3 4 5
P =1000
F=P(F/Pi,n)=1000 (F/P 12%, 5) = 1000 (1.7623) = 1762.4
F
.................... n -1 n Years (Period)

P=F@+i)" ", F=P(FPin)

(1 +10)"" ", (F/P i, n): Single Sum Present Worth Factor
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F = 10000

i=9 9% T
Ol 1 2 3 2 5

=]

P = F (F/P i, n) = 10000 (P/F 9%, 4) = 10000 (0.7084) = 7084

Series of Cash Flow 4aaill culsanil) (e Al 2

A2
An -1
pP=2
P=A L+) -A, Q-2 +A;Q+iY+...... AL L)AL )
P=>"_  A(l+i)' . P="_; A (P/Fi,n)
AO A2 An
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F=A, (L+)" "+ AL+ + AL +)" = AL +)" £ ...
AL H) T A (L)

F=A, (L+)" + AL +)"T+ A1 +)" 2= A1 +)" ...
+An_ (1) + A,

F=Y"  A@+D)" "  F=Y"_, A (FIP i,n)

P=Y"c1 Al +i)'=(1),F=P (1 +)"--(2)
Substitute P from (1) in (2)
F=(@+)" Y =t A@Q+i) =Y e A+ (L +) =Y AL +i)

(3) Jtia

300 400

T 3
Y 1 2 4 5 6 7 8
i= 6%
300
P="

P = 300 (P/F 6%, 1) — 300 (P/F 6%, 3) + 200 (P/F 6%, 4) + 400 (P/F 6%, 6)
+ 200 (P/F 6%, 8)

P = 300 (0.9434) — 300 (0.8396) + 200 (0.7921)

+ 400 (7050) + 200 (0.6274) = 597.04

F = 300 (F/P 6%, 7) — 300 (F/P 6%, 5) + 200 (F/P 6%, 4) + 400 (F/P 6%, 2)
+ 200 (F/P 6%, 0)

F = 300 (1.5036) — 300 (1.3382) + 200 (1.2625)

+ 400 (1.236) + 200 = 996.52
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F =P (F/P i%, n) = 597.04 (F/P 6%, 8) = 597.04 (1.5036) = 897.71
P = F (P/F i%, n) = 996052 (P/F 6%, 8) = 996.52 (0.5919) = 589.80
Uniform Series of Cash Flow (4xkaiiall) 4 gludall agaail) culaal) alul 3
A A A f
2 3 -

(0] 1 2 3 o eiiieeeeeesaeeeaaa. n

st—P>

1

P

?

P=>"_ AL+ P=A[((L+)"-1)/i(1+i)"],P=A (P/Ai%, n)

[((A+)"—1)/i(1 +i)", (P/A i%, n) : Uniform Series Present Value Factor
dadaiia Alulud ada]) sl Jalas

(4) Jha

A = 2000/ year

A A A A

0 1 2 3 4

i=12%

0 —pp- >

T
Il
N

P = A (P/A 12%, 5) = 2000 (P/A 12%, 5) = 2000 (3.6048) = 7209.6

F = A (F/A 12%, 5) = 2000 (F/A 12%, 5) = 2000 (6.3528) = 12705.6
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(5) Jtia

E A = 2000/year
T A A A A A
o} 1 2 3 4 5 ) 7
i=12%
P ="

P =A (P/A 12%, 5) (P/F 12%, 2) = 2000 (3.6048) (0.7972) = 5747.49
F=P (F/P12%, 5) =5747.49 (1.7623) = 10128.5
F=A (F/A 12%, 4) = 2000 (4.7793) 9558.6
Lay

A=PGAL+)" /(L +)"-=D], A=P (AP i%n)

[(i(L +)") / ((1 +i)" = 1)], (A/P i% n): Capital Recovery Factor
ALl Gl salaindd Jalaa

Claall 8 el i Y s i (6) Jba
A=
A A A A A A A A A A
EREEREAAY.
1

0
i=15%

P = 10000

=
o

A =P (A/P i%, n) = 10000 (A/p 15%, 10) = 10000 (0.1993) = 1993/ year
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P4

— >
—>> 5
— 3
> >
—> >

o >

0 1 2
* i=15%
P

2=7
P = 10000

P, = P (F/P i%, n) = 10000 (F/P 15%, 2) = 10000 (1.3225) = 13225
A =P, (AP i%, n) = 13225 (A/P 15%, 10) = 13225 (0.1993) 2635.74 / year

Liayl

F=A[((L+)"-1)/il,F=A (FIAi%,n)

[((A+)"—1)/1i], (F/A 1%, n): Uniform Series Future Worth Factor
aadaiie Allod addidtial) 4l Jalas
(8) Jue

A F = 150000
1

35

0
i=8%

A = F (AJF i%, n) = 150000 (A/F 8%, 35) = 150000 (0.0058) = 870 / year
(9) Jtie

F = 150000

1 *30
Ty v

.
1000 1=8% 1000

F=A (F/A 8%, 30)=1000 (113.2832) =113283.2
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P=A (P/A 8%, 30) = 1000 (11.2578) = 11257.8

P =F (P/F 8%, 30) = 113283.2 (10.0627) = 113283.86
L]

A=F[i/(1+)"-1)],A=F (A/Fi%,n)

[i / (1 +i)"-1)], (A/F %, n): Reduced Capital Factor o<sliiall Juall Gul y Jalas

Gradient Series Cash Flows 4x il apaal) culsdnl) dlule 4

(©)
o 2
=3 +
+ —
- <
<
(O]
[9\}
+
Q@ 5
‘_{ <
— <
<
0
1 2 3 n-1 n
P=P1+P2

P=G[(L—(+ni) (A +)"/i]=P (P/G i%, n)

[(1 - (1 +ni) (1 +i)™) /i] = (P/G i%, n): Gradient Series Present Worth
Factor 4s xia <uledys dlidi aullal) acsll Jalas

A =G [(1/i) — (n/i) (A/E i%, n)] = G (A/G 1%, n)

[(1/1) — (n/i) (A/F 1%, n)] = (A/G 1%, n): Gradient to Uniform Series
Conversion Factor ahiie 3855 )z xiall @8l Jy a3 Jales

F=G (P/Gi%,n) (F/Pi%,n),

P, = Uniform Series = A; (P/A 1%, n)

P, = Gradient Series = G (P/G 1%, n)
P=P,+P,=A, (P/Ai%, n) + G (P/G i%, n)
A=A +G (A/IGi%,n)
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400 300

500 i= 8%

P, =A; (P/A 1%, n) = 3000 (P/A 8%, 5) = 3000 (3.9927) = 11978.1
P, =G (P/G i%, n) = 1000 (P/G 8%, 5) = 1000 (7.3724) = 7372.4
P=P,+P,=11978.1 +7372.4=19350.5

A=A+ G (A/G 1%, n)=3000 + 1000 (A/G 8%, 5)

= 3000 + 1000 (1.846.5) = 4846.5 / year

F =P (F/P 8%, 5) = 19350 (1.4693) = 28431.69

F=A (F/A8%,5)=4846.5 (5.8666) = 28432.48

(11) Jia
800
700
600

500 400

400 800 300

T A A A A A 100 290 T

] _ 2t

0o 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

i=8%

A=A -G (A/Gi%,n)=800-100 (A/G 8%, 5)
=800 — 100 (1.8465) = 615.35 / year
F=A(F/A8%,5)=615.35 (5.8666) = 3610.01
P=A (P/A8%,5)=615.35 (3.9927) = 2456.91
P =F (P/F 8%, 5) = 3610.01 (0.6804) = 2456.25
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Summary

30

v (1 +)", (F/Pi,n): Single Sum Future Worth Factor
s & ganal Alifiinall dall Jalza
v (1 +10)" ", (FIPi,n): Single Sum Present Worth Factor
s & ganal Adlal) daill Jalza
v O [((A+)"=1) /i1 +i)"], (P/IA 1%, n) : Uniform Series Present Value
Factor dadaiig Alild adlal) acsl) Jalaa
v [ +D)") /(1 +i)" - 1)], (A/P i% n): Capital Recovery Factor
ALl Gl 3alaindd Jalaa
v [((A +)"-1)/i], (F/A i%, n): Uniform Series Future Worth Factor
dalatia Alud adlidtial) 4l Jalas
v i/ (@ +)"-1)], (A/F i%, n): Reduced Capital Factor
il JWd) Gl Calaa
v [(A— @ +ni) @ +)") /1] = (P/G i%, n): Gradient Series Present Worth
Factor
A e a8 Al Adlal) daidll Jaelae
v [(ah) - (nhi) (A/F 1%, n)] = (A/G 1%, n): Gradient to Uniform Series
Conversion Factor
abiiie (3331 ) i) sl (e Jalas



Summary of Cash Flows

F="
Ol T 2 n1 n Years (Period)
Single Sum
P
l’:
o 1 D eeeeeeeaeeeeeeaeae. n -1 n Years (Period)
Single Sum
P="
A3 AN
Al
* 2 Nn -1
(o] 1 L S N
A2
AnNn -1
P =7

O] 1 2 3 e n -1
P ="
D
= 2
= +
+ ~—
— <C
<
[&>]
[aN]
+
< —
— <c
— <C
<C
o
1 2 3 Nn-1 n

P=P1+ P2
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Gl (5 st g ) — g — & sl — 2 53) 43l JOA <y - Nominal e gl Jass
(@
Al 4les Ay Effective (Axdll mll Jaee

er = (L + (/M) =1, i=r/m,ig=0+)" =1, 0= (F/Pr/m m)—1

1 an¥) gl Jane | M bl 8 s2all LS e 7 4ball 8 oall LS ja b eyl Jona
o 1 Al il ol Jana

Ex 1000 borrowed 8% compounded quarterly

2% / 3 months

F =P (F/P 2%, 4) =P (1 +i)" = 1000 (1 + 0.02)*

=1000 (1.0924) =1082.4

F =P (F/P 8.24%, 1) = 1000 (1.0824) = 1084.4 ,8% / nominal, 8.24 effective
annual

8% compounded semiannually

e = (1 +0.04)* -1 = (FIP 4%, 2) — 1 = 0.0816

18% compounded monthly

ieip= (1 +0.015)"* =1 = (F/P 1.5%, 12) — 1 = 0.1956
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Equivalence i
a9 AN S Jalad

aindl (& % 9 o2ildy 4xia 10000 o_l2a (a  pui halad

ol ady 3 dwwu‘;}c_u@aam,z‘g)smqsungm‘;‘;j‘y\ 1
o yidl) Ailgd 8 saal 5 4xda€ Al LY JW

A=7

P 4434444

o 10
i=9%

P = 10000
A =1 = Pi = 10000 (0.09) = 900
A=A+ 1,=900+ 10000 = 10900
plal) a8 D anallad 4y ylay _uloY) JW) Gl Jules ] asl@l)

1900

1810
A 1720

1630
A 1540

1450
1360

1270
1180
T 1090
8 9 10

0 1 2 3 4 5 6 7

A = 1000 i=9%

F, = 10000 (1.0900) = 10900, A, = 1000 + 900 = 1900,
P = 10900 — 1900 = 9000

F, = 9000 (1.0900) = 9810, A, = 1000 + 810 = 1810

P = 9810 — 1810 = 8000

F, = 8000 (1.0900) = 8720, A, = 1000 + 720 = 1720



F\o = 1000 (1.0900) = 1090 , A, = 1000 + 90 = 1090
‘ P=1090-1090=0 ‘
w\JJomM\QLG}SM&}me\LM\2MAMJJLJJLJ\L)»\JJ.\XM1433\:\3\ A1
JW

WEE

A=7?
A A

bt 14

O
i=9%

P = 10000
A =P (AP i%, n) = 10000 (A/P 9%, 10) = 10000 (0.1558) = 1558
o @ a3 el ada it Y D Jlall il Y G pda el Y ] Al NV
oA i) Al b saildll 5 ol JWal)
F

0 1 10
i=9%

P = 10000

F = P (FIP i%, n) = 10000 ( F/P 9%, 10) = 10000 (2.3674) = 23674

Sl >

Year Capital I ] 11 v

0 10000

1 900 1900 1558

2 900 1810 1588

3 900 1720 1588

4 900 1630 1588

5 900 1540 1588

6 900 1450 1588

7 900 1360 1588

8 900 1270 1588

9 900 1180 1588

10 10000 1090 1588 23670
Total 10000 19000 14950 15580 23670
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) Al pxldll [ Jldl Jlea) oo andal) [ ellieall JL) adasl)

dintadl | JBelliadl | a4l Al axdall 2ay
4241

0 900 10900 900 10000
1 900 10900 900 10000
2 900 10900 900 10000
3 900 10900 900 10000
4 900 10900 900 10000

5 900 10900 900 10000 | 4lasl
6 900 10900 900 10000
7 900 10900 900 10000
8 900 10900 900 10000
9 900 10900 900 10000
10 900 10900 10900 0
0 10000
1 900 10900 1900 9000
2 810 9810 1810 8000
3 720 8720 1720 7000
4 630 7630 1630 6000
5 540 6540 1540 5000
6 450 5450 1450 4000

7 360 4360 1360 3000 Il bl
8 270 3270 1270 2000
9 180 2180 1180 1000
10 90 1090 1090 0
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) Al o2l | Jual sl b Aaxadl | elliad) Jul adadl)

Aniedl | Jdiellied) | anadl Al 4282l) any
4241

0 10000.0
1 900.0 1900.0 1558.2 9341.8
2 840.8 10182.6 1558.2 8624.4
3 776.2 9400.6 1558.2 7842.4
4 705.8 8548.2 1558.2 6990.0

5 629.1 7619.1 1558.2 6060.9 ] ks
6 545.5 6606.4 1558.2 5048.2
7 4543 5502.5 1558.2 39443
8 355.0 4299.3 1558.2 2.741.1
9 246.7 2987.8 1558.2 1429.6
10 128.7 1557.3 1558.2 0.1
0 10000.0
1 900.0 10900.0 0.0 10900.0
2 981.0 11881.0 0.0 11881.0
3 1069.3 12950.3 0.0 12950.3
4 1165.5 14115.8 0.0 14115.8

5 1270.4 15386.2 0.0 15386.2 [V alaall
6 1384.8 16771.0 0.0 16771.0
7 1509.4 18280.4 0.0 18280.4
8 1645.2 19925.6 0.0 19.925.6
9 1793.3 21718.9 0.0 217189
10 1954.7| 23673.6| 23673.6 0.0
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Ex

37

Caal Al L) Cilaa
h\}&})umsez\:\sﬂ\;\);i -
Evaluating Single Project aalg g gda audli ; ualdd) i)

Gl shadll
anil) 5 )l -

5caly -

&) gladl)
Prepare Cash Flow
Determine MARR (i%) : Minimum Attractive Rate of return

5l sl (g paall ailall Jaea

pil) (3 5k

Determine Time Horizon el 38V

. Present Worth PW: if PW (1 = MARR) > 0 the project is economically

justified

. Future Worth FW: if FW (i = MARR) > 0 the project is economically

justified

. Annual Worth AW: if AW (i = MARR) > 0 the project is

economically justified

. Internal Rate of Return IRR: if IRR > MARR the project is

economically justified
latPW=0,i= [(PWI min / (PWi min T PW; max)) (imax - imin)] + Imin

. Benefit Cost Ratio BCR/ Saving Investment Ratio SIR:

[(PW (i = MARR):cr) / (PW (i = MARR)(cr)] > 1
The project is economically justified

. Payback Period PBP: R > C, at (i=MARR) =0, Number of years
. Capitalized Worth CW: CW =A /i, maximum CW at t = oo

Year

0 -50000
1 20000
2 20000
3 20000
4 20000
5 20000
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1=15%

A = 20000 / year

A A 4 4 A

0 1 2 3 4 5
i= 15%
\

50000

PW (15%) = -50000 + 20000 (P/A 15%, 5)

= -50000 + 20000 (3.3522) = 17044 >0 OK

FW (15%) = - 50000 (F/P 15%, 5) + 20000 (F/A 15%, 5)

= 34278 > 0 OK

AW (15%) = - 50000 (A/P 15%, 5) + 20000 = 5085 / year > 0 OK
BCR/ SIR = [(20000 (P/A 15%, 5)) / 50000]

= 67044 /50000 = 1.3 > 1 OK

PBP R, > C;, 20000 + 20000 + 20000 = 60000 > 50000 , t = 3 years
CW =A/i=[- 50000 (A/P 15%, 5) + 20000] / 0.15 = 5085 / 0.15
= 33900 > 0 OK

PW

IRR: PW(15%0 = 17044

PW(20%) = -50000 +20000(P/A 20%, 5)

-50000 + 20000 (2.9906) = -50000 +59812 = 9812
i = [17044 / (17044 + 9812)] (0.20 — 0.15) + 0.15
= 18.17% > 15% MARR OK



Cadbad) Ll Caaa

Evaluation of Alternatives <iuad) & 8a 3 (uabead) QL)

Gl shadll
Gl LAl 4 i ok -
agdlay) Jdladll -
6y -
<l gladl)
Definition of Alternatives < LAl noad gy 25 ]
Definition of Planning Horizons (el (89} pasd iy o 2
Prepare Cash Flow for all Alternatives sk JSI 4aaill cilsail) slaci 3
s aall (5 yall oilall Jaze 2aa3 4
Determine of Minimum Attractive Rate of Return (MARR)
Dlaal) alasiinly <l LAl 4 jli 5
Comparison of Alternatives using Analysis Methods
Additional Analysis — Sensitivity & Risk Analysis 4dbay) <3ulaill 6
Select Optimum Alternative Jie¥! daadl Jlsia) 7

el Y1 sy JieY) JLAN e il sl i : Sensitivity Analysis 4ssbeal) Jilss
MARR s 3ol s xall 2ilall Jaxs i Planning Horizon

Probability & Statistics Yliay) 5 ebasy) Jaxi: Risk Analysis s _klaall Judas
Simulation 3\Slaall i

el julea g g8l 4gia ) el aladiaf -
Technically Feasible (3ise sl culall -
: Alternatives <) LAl aaas
DAl 3RSy Jila - Alternative L)
s il e 0S8 @l LAY ¢ LA (58 of daiag Leie 2a) 511 : Proposal ¢ _ial
(JIaly @l Huadl (30 2™ Jaad s el e m
Jba ey Do nothing
Contingent 4k % <l b s Mutually Exclusive 4sdlite &l jLa
m = 3 so Alternatives are 2° = 8
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a5l Clagadl | Ll
A B |C

Do nothing b sl ksl oy ¥ 0]0]0]| 1
L C 1,8yl J 8 0] 01| 2
LB @yl J s 0] 1]0] 3

Lsd A ~) By J sl 11010 4
L&C, B 8y Jsa 0 1]1]| 5

L& A, C Byl Jsa 1|o|1] 6
LA B )8yl Jya 111]0] 7

Sl yide SO0 J 58 1 |11 8

(1) Jie

Ol A & C ¢« A haii e B LA 50000 02 53 43 je

EQY A B C
0 -2000 | -30000 | -50000
1 -4000 | 4000 -5000
2 2000 6000 10000
3 8000 8000 25000
4 14000 | 10000 | 45000
5 25000 | 20000 | 10000
4al<il) Cila yisal) Sl
Cldaa A B C
v 0 00| O 0
v 50000 | O | O | 1 1
X 30000 | 0 | 1 | O 2
X 80000 | 0 | 1 | 1 3
v 20000 | 1 | 0 | O 4
X 70000 | 1 | O | 1 5
v 50000 | 1 | 1|0 6
X 100000 | 1 | 1 | 1 7
aal<i Gl il Al
Gldan Dl Al B|C
v 0 00| O 0
v 50000 | O | O | 1 1
v 20000 | 1 | O | O 2
v 50000 | 1 | 1] O 3




Y agaal) ) Jaalds Ll

EOY Ay A A, A;
0 0 -50000 | -20000 | -50000
1 0 -5000 -4000 0
2 0 10000 2000 8000
3 0 25000 8000 16000
4 0 45000 14000 | 24000
5 0 10000 25000 | 45000

A3 (s3] 23 4y slladll 4 30 o il J 5k - Time Horizon (a3l G4 -
SSOY) el 5l Working Life daddll jee cuad ¢ il jLal)
Depreciation Life

YL 2y e (38Y)
3,56 is30 T Ll & il Gieliadl 4
Salvage or Book value for5 & 6, 3 T, e @8 il .5
6 T )il dshl 6

EQY Revenues Cost NCF Salvage Value
t R Cq R: - C,
Alternative (1)
0 0
1-3 27500 23000 4500 0
Alternative (2)
0 75000 - 75000 75000
1 27500 7500 20000 55000
2 32500 7500 25000 40000
3 37500 7500 30000 25000
4 42500 7500 35000 10000
5 47500 7500 40000 0
Alternative (3)
0 50000 - 50000 50000
1 30000 10000 20000 35000
2 30000 10000 20000 25000
3 30000 10000 20000 15000
4 30000 10000 20000 5000
5 30000 10000 20000 0
6 30000 10000 20000 0
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Salvage Value 4isic ad 5 Revenue Cliile s COst 48l ; apaial) clsdndl) -

EQY Net Cash Flow
t A | Ay | Asi
T = 30 years
0 -75000 -50000
1 4500 20000 20000
2 4500 25000 20000
3 4500 30000 20000
4 4500 35000 20000
5 4500 -75000 + 40000 20000
6 4500 20000 -50000 + 20000
7 4500 25000 20000
8 4500 30000 20000
29 4500 35000 20000
30 4500 40000 20000
T=Ts=3years
0 -75000 -50000
1 4500 20000 20000
2 4500 25000 20000
3 4500 30000 + 25000 | 20000 + 15000
T=T_ =06 years

0 -75000 -50000
1 4500 20000 20000
2 4500 25000 20000
3 4500 30000 20000
4 4500 35000 20000
5 4500 40000 20000
6 4500 45000 20000




G gill of 4 s&all ddacd o9 MARR i ile Jaza -

(2) Jhe
6000

5000
4000 A

4500 3000
3500 3500 3500 2000 T

T T T 1OOOT
0 1 2 3 4 5 6
i= 15%
i= 15%

4000 5000

S s 6 e 38Y) om ik
FW1 (15%) = 3500 (P/A 15%, 3) (F/P 15%, 6) + 4500 (F/P 15%, 2)
- 4000 (F/P 15%, 6) = 3500 (2.2832) (2.3131) + 4500 (1.3225)
-4000 (2.3131)=15183.29
FW2 (15%) = 1000 (F/A 15%, 6) + 1000 (A/G 15%, 6) (F/A 15%, 6)
-5000 (F/P 15%, 6) = 1000 (8.7537) + 1000 (2.0972) (8.7537)
- 5000 (2.3131) = 15546.6
FW2 (15%) > FW1 (15%) select Alternative 2
LAl SISTAW Uss 5 a3l G e ) b gl o1 1)
AW1 (15%, 4) = 3000.15 / year
AW?2 (15%, 6) = 1776.2 | year
Jumil) g 1 Ll o iy adde

« PW LSl Jads PW (MARR) : Net Present Worth PW 4diall 4edl) Lila ]
PW _ial Juady Jadh 435 L
Jial Juay b 4il<i Wl « PW ST Jais PW (MARR) @ Ranking <)V -
PW
:Incremental &8 -
1Challenger aaia | 0 Defender gélas
PW;_o (MARR) >0 1 is winner
AW (MARR) :Net Annual Worth AW 4 sl askaiiall cilal oyl a2
AW yal Juady Lais 4S5 el ¢ AW ST Juady
AW ial (s Juié 4S5 el ¢ AW LSl Jmiy AW (MARR) @ il -
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G -
AW; _, (MARR) >0 1iswinner

FW LSl dady FW (MARR) :Net Future Worth FW 4liiud) 4l a3

FW aal Jaady Jasid 4815 W
AW sl Juady his 4385 Wi« AW ST daiy AW (MARR) scill -
Gl -
FW;._o (MARR) >0 1 is winner
Jaa 6l j oxildll Jaew : Internal Rate of Return IRR (Al ailall Ja=a 4
Sl Ay aaid s FW =0, AW=0,PW =0

PW =0
PW
PW min /
I\i imax
(0]
imin \l
PWmax

PW;_, (1%) =0, Find i ifi > MARR , then 1 is winner
i = [(PW,/ (PW, + PW,)) (i, —i;)] +i; OR
I = [(PWi min / (PWimin + PWimax)) (imax — Imin) 1% min

44

&l e ailall Jaxe 5
&lie 8 22300 0 Benefit Cost Ratio BCR/ Saving investment Ratio SIR
Al L axilig 5 alall & Uadll
[(PW, o (i = MARR)(.cp) / (PW; o (i = MARR)(ce)] > 1
aiuall JUall ala i 4w Y0 o ydll 20a% : Payback Period PBP 2la jiwy) s 5 6
alayind 5 538 JBL Jball diady acle b ¢ j= 0 liel
Ri>C, at (i=MARR) =0, Number of years
adlall a1 o Jlall Gl e il ddy )l 7
Perpetuities and Capitalized Worth CW
CW LSl aslia iy
CW=A/Ii, maximum CW att =0
P=A[@-D)"-D/i@+)"1=A7)[Q-D)"-1)/@A+D"
Whenn=o0,P=(A/1) i.e: CW=(A/year )/ MARR (i)
CW el calia JLall Juady



(1) Jus

EOY Ay A A, A;
0 0 0 -50000 | -75000
1 0 4500 20000 | 20000
2 0 4500 20000 | 25000
3 0 4500 20000 | 30000
4 0 4500 20000 | 35000
5 0 4500 20000 | 40000

Ay: Do Nothing, NCF = Revenue — Cost, MARR =i =15 %, n =5 years

45

l.

NPW:

Ranking: PW(15%) =0,

PW, (15%) = 4500 (P/A 15%, n) = 4500 (3.3522) = 15085

PW, (15%) = - 50000 + 20000 (P/A 15%, 5)

=-50000 + 20000 (3.3522) = 17044

PW; (15%) = - 75000 + 20000 (P/A 15%, 5) + 5000 (P/G 15%, n)
= - 75000 + 20000 (3.3522) + 5000 (5.7751) = 20920

Best is A; Greater PW

Incremental: PW; _, (15%) = 4500 (P/A 15%, n) — 0

= 4500 (3.3522) - 0=15085>0

A, Is better than A,

PW, _, (15%) = - 50000 + 20000 (P/A 15%, 5) - 4500 (P/A 15%, n)
=-50000 + 20000 (3.3522) - 4500 (3.3522)

= 17044 — 15085 = 1959 > 0, A, is better than A,

PW;_, (15%) = [- 75000 + 20000 (P/A 15%, 5) + 5000 (P/G 15%, n)]
— [- 50000 + 20000 (P/A 15%, 5)] = [- 75000 + 20000 (3.3522) +
5000 (5.7751)] — [- 50000 + 20000 (3.3522)]

= 20920 - 17044 = 3876 >0

A; is better than A,

If PW2 -1 <0 Compare A; with A,

NAW:

Ranking: AW, (15%) =0

AW, (15%) = 4500 / year,

AW, (15%) = -50000 (A/P 15%, 5) + 20000

=-50000 (0.2983) +20000 = 5085 / year

AW; (15%) = -75000 (A/P 15%, 5) + 20000 + 5000 (A/G 15%, 5)
= -75000 (0.2983) + 20000 + 5000 (1.7228) = 6242 | year

The beast is A;

Incremental: AW,  (15%) = 4500 — 0 = 4500 / year >0

A, is better
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AW,  (15%) = [-50000 (A/P 15%, 5) + 20000] — 4500

= [-50000 (0.2983) + 20000] — 4500 = 5085 — 4500

=585/ year >0 A, is better

AW, _, (15%) = [ -75000 (A/P 15%, 5) + 20000 + 5000 (A/G 15%,
5)] — [-50000 (A/P 15%, 5) + 20000]

=[ -75000 (0.2983) + 20000 + 5000 (1.7228)] — [-50000 (0.2983) +
20000] = 6242 — 5085 = 1157 / year

A; is better

. NFW:

Ranking : FWO0 (15%) =0

FW, (15%) = 4500 (F/A 15%, 5) = 4500 (6.7424) = 30341

FW, (15%) = -50000 (F/P 15%, 5) + 20000 (F/A 15%, 5)

=-50000 (2.0114) + 20000 (6.7424) = 34278

FW; (15%) = - 75000 (F/P 15%, 5) + 20000 (F/A 15%, 5)

+ 5000 (P/G 15%, 5) (F/P 15%, 5) = - 75000 (2.0114) + 20000
(6.7424) + 5000 (5.7751) (2.0114) = 42073 Aj; is better

Incremental: FW; _,(15%) = 4500 (F/A 15%, 5) — 0

= 4500 (6.7424) —0=30341>0

A, Is better

FW, _, (15%) = [-50000 (F/P 15%, 5) + 20000 (F/A 15%, 5)] — [4500
(F/A 15%, 5)] = [-50000 (2.0114) + 20000 (6.7424)] — [4500
(6.7424)] = 34278 — 30341= 3937 > 0 A, is better

FW; ., (15%) = [- 75000 (F/P 15%, 5) + 20000 (F/A 15%, 5)

+ 5000 (P/G 15%, 5) (F/P 15%, 5)] — [-50000 (F/P 15%, 5) + 20000
(F/IA 15%, 5)] = [- 75000 (2.0114) + 20000 (6.7424) + 5000 (5.7751)
(2.0114)] — [-50000 (2.0114) + 20000 (6.7424)]

= 42073 — 34278 = 7795 A; is better

. IRR: Incremental PW =0

iy_o: PW1-0 (i) = 0=4500 (P/Ai%,5), (P/IAi%,5)=0;
O=A[(QA+)"-1)/i@+)",0=A/i,i=0=PW=0
I1_o=00>MARR = 15% A, is better

PW, _ (i%) = - 50000 + 20000 (P/A 15%, 5) - 4500 (P/A 15%, n) =0
Ati; = 15%, PW,_; (15%) = - 50000 + 20000 (P/A 15%, 5) - 4500
(P/A 15%, n) = - 50000 + 20000 (3.3522) - 4500 (3.3522) = 1959

At i, = 20%, PW, _, (20%) = - 50000 + 20000 (P/A 20%, 5) - 4500
(P/A 20%, n) = - 50000 + 20000 (2.9906) - 4500 (2.9906) = - 3648
By Interpolation JuSiwyL

i = [(PW,/ (PW, + PW,)) (i, —i))] +i;



= [(1959 / (1959 + 3648)) (0.20 — 0.15)] + 0.15=0.168 = 16.8% >
MARR (15%) A, is better

PWS;_, (i%) = [- 75000 + 20000 (P/A 15%, 5) + 5000 (P/G 15%, n)] —
[- 50000 + 20000 (P/A 15%, 5)] =0

At iy = 15%, PW;_, (15%) =3876

At i, = 20%, PW;_, (20%) = [- 75000 + 20000 (P/A 20%, 5) + 5000
(P/G 20%, n)] — [- 50000 + 20000 (P/A 20%, 5)] = [- 75000 + 20000
(2.9906) + 5000 (4.9061)] — [- 50000 + 20000 (2.9906)] = - 470

By Interpolation JusiuyL

I =[(3876 /(3876 + 470)) (0.20 - 0.15)] + 0.15

=0.1945 = 19.5% > MARR (15%)

A; IS better

. BCR/SIR: [(PWI -0 (l = MARR)(+CF)) / (PWl -0 (l = MARR)(_CF))] > 1

Or BCR/SIRg_a
= [((+PWg) — (+PW,) at MARR) / ((-PW5g) — (-PW,) at MARR)] > 1
BCR/ SIR;_ =[(4500 (P/A 15%, 5)/ 0] = >1 A, is better
BCR/ SIR,_;=[(20000 (PA 15%, 5) — (4500 (P/A 15%, 5)] / 50000
= [(20000 (3.3522) — (4500 (3.3522)] / 50000 =1.039 say 1.4 > 1
A, is better
BCR/ SIR;_,=[(20000 (P/A 15%, 5) + 5000 (P/G 15%, 5) — 20000
(PA 15%, 5)] / [75000 — 50000] = [(20000 (3.3522) + 5000 (5.7751) —
20000 (3.3522)] / [75000 —50000] = 1.155say 1.16 > 1
A; is better
PBP: at i = Zero when R; > C;

Ladaad 02l i) 5 yidd Il Jle el gl Gl A LS
A, : >R =20000 +20000 + 20000 = 60000 > C = 50000
n=25PBP=250rn=3,PBP =3
A;: YR =20000 + 25000 + 30000 =75000 = C = 75000
n=3,PBP=3

QAL LAY i Eall e a5 Al yiuY) 8 Ag, Ag, Ap il 05
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7.

XS PRERRY
CW: CW, =AW, (15%)/0.15=0/0.15=0,
CW,= AW, (15%)/0.15=4500/0.15 = 30000,
CW, = [-50000 (A/P 15%, 5) + 20000] / 0.15
= [-50000 (0.2983) +20000] / 0.15 = 5085/ 0.15 = 33900
CW; = AW; (15%) /0.15
= [-75000 (A/P 15%, 5) + 20000 + 5000 (A/G 15%, 5)]/0.15
= [-75000 (0.2983) + 20000 + 5000 (1.7228)] / 0.15
=6242/0.15=41613
A; is the better
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Inflation aduzill

Glaad 5 adus Jlad) (e 2o daey (5 i Cumy claadll 5 adudl el 48 o 5 3 aua gl
a3l e LalS 8
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Depreciation <>&Y)

Al
Jiaill s Wear & Tear @<l 5 JStll ]
Jal g2l aal (e 4ndfiall Lis o) 433l s aalaill :Obsolescence ol 2

DY) Clua 35k
Straight Line i) laalldg ,h ]
ol Y yanll / (LRl dd — J sl CallS) = aaudl / @Dlay)
Dep. / year = (Initial Cost — Salvage Value) / Time Horizon

(1) Jhs
10 ol S8Y) el 5 15000 (0230) (alal) dad g 4ia 125000 Jsanl) 445 4380
g

Dep. / year = (125000 — 15000) / 10 = 11000 / year
A JS Ol A

Units of Output Depreciation 4aiiall cilas gl s DY) 2
(mraaill jaall) aniiall Claa gl dae / (Ul dad — J peand) CallSs) = saa 5 JS DY)
Dep. / Unit = (Initial Cost — Salvage Value) / (No. of Output units per
Design life)
(2) Jis

S laa gl e g sas 324000 4xEl ) 8 sas 5 10000 s il & asiid) clas )

022 5220000 (sl jaall
Dep. / Unit = (125000 — 15000) / 220000 = 0.5 / Unit
Dep. At year 1 = 0.5 X 10000 = 5000
Dep. At year 2 = 0.5 X 24000 = 12000

Sum of Year Digits <l sid) o8 )i & sanay DYyl 3
(3)
10 o= 58Y) seall 5 15000 (s2,4)) Lal@l) 2ad 5 axia 125000 J sl 485 43Sk
<) g
> year digits = 1+2+3=4+5+6+7+8+9+10 = 55
n: No of years, orn[(n+1) /2] =10[(10+1)/2] =10 X5.5=55
Difference = Initial Cost — Salvage Value = 125000 — 15000 = 110000
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el | Adiie Ol g | ) siu ol ) e / diiie ol g | aSlgall 4l | DY)
1 10 10/ 55 110000 | 20000
2 9 9/55 110000 18000
3 8 8/55 110000 16000
4 7 7/55 110000 | 14000
S 6 6/55 110000 | 12000
6 5 5/55 110000 | 10000
7 4 4/55 110000 8000
8 3 3/55 110000 5000
9 2 2/55 110000 4000
10 | 1/55 110000 2000

dsc Linal) 4undliiall 43 ) sall 48y yla 4

Double Declining — Balance Depreciation

(4) Jis

=l Y saadl 5 15000 (2353Y) CalEY) Aad 5 4ia 125000 Jsmaal) 4S5 43Sk

Sl s 10

% Dep.=1/n=1/10=10 %/ year amaill jaall Cilia = DY) Lo Y
Double this % = 2 X 10 % = 20 % 4l o3 Cielia :Lal
Dep. Year 1 = 0.2 X 125000 = 25000

4aul) Sl gladll 48T | Dla Y aanll aadll | SMaYl s | MaY)
1 125000 0 20 % 25000
2 125000 25000 20 % 20000
3 125000 20 %

4 125000 20 %

5 125000 20 %

6 125000 20 %

7 125000 20 %

8 125000 20 %

9 125000 104029 20971 20 % 4194
10 125000 108223 16777 1500 1777
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Sl QL) cataa
Y ddadie) ja) 44848 e -

Replacement JMay! : ¢l QL)
JainY) 5 ey Jidad -
8aly -

Machine Initial Cost P = 1000, Salvage Value = Zero, Cost/ year A = 150/
year, Increase in Cost / year G = 75/ year, i=20 %
Ap=1y=1000 (A/P 20%, 1) + 150 + 75 (A/G 20%, 1)
= 1000 (1.2000) + 150 + 75 (0.0000) = 1350 / year
Ap =2 = 1000 (A/P 20%, 2) + 150 + 75 (A/G 20%, 2)
= 1000 (0.8545) + 150 + 75 (0.4545) = 838.59 / year
Ap =3 = 1000 (A/P 20%, 3) + 150 + 75 (A/G 20%, 3)
= 1000 (0.4747) + 150 + 75 (0.8721) = 690.63 / year
Ap =4 = 1000 (A/P 20%, 4) + 150 + 75 (A/G 20%, 4)
= 1000 (0.3863) + 150 + 75 (1.2742) = 631.87 / year
A =5 = 1000 (A/P 20%, 5) + 150 + 75 (A/G 20%, 5)
= 1000 (0.3344) + 150 + 75 (1.6405) = 607.44 / year
An=6 = 1000 (A/P 20%, 6) + 150 + 75 (A/G 20%, 6)
= 1000 (0.3007) + 150 + 75 (1.9788) = 599.11 / year
Ap =7 = 1000 (A/P 20%, 7) + 150 + 75 (A/G 20%, 7)
= 1000 (0.2774) + 150 + 75 (2.2902) = 599.17 / year
A=) = 1000 (A/P 20%, 8) + 150 + 75 (A/G 20%, 8)
= 1000 (0.2605) + 150 + 75 (2.8364) = 599.77 / year
An-=-9) =610.83 / year

Aqn-=10) = 619.04 / year

An-=11)=627.80/ year

Replacement at n = year = 6
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Annual Cost

6 Years

-~

Year of Replacement



