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B6 moén Ky Thuat Xay Ding
Khoa Céng Nghé, Trwong Pai Hoc Can Tho

Dang The Gia, BM Ky Thuat Xay Dung

1. Hinh thanh cac phuong an (Formulate
alternatives)

2. Gié tri hién tai cuia cac phuong an dong
tudi tho (PW of equal-life alternatives)

3. Gié tri hién tai cua cac phuong an khac
tuoi tho (PW of different-life alternatives)

Phan tich gia tri tuong lai (FwW analysis)
5. Chi phi von hoéa (capitalized Cost)
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Types of cash flow estimates
* Revennes and costs * Costs only

( Costakemative )

DM = do nothing
Perform evaluation and make selection

(Rmm ahemaﬁm:)

- Cac giai phap/phuwong &n loai trir 13n nhau
+ Chon mét, va chi mdt, trong s6 cac phuong an kha thi dé& thuc
hién
# Cac phuong an kha thi sé dugc so sanh vdi nhau theo tiing cap
« Dy an déc lap
« Nhidu du an kha thi c6 thé dugc chon lua
« MGi dur &n doc 18p chi can dudc so sanh véi phuong &n DN
* Phwong an hoac Dy an “Khong lam gi” (Do Nothing)
lubn phai dwgc xem xét

+ Phudng &n hodc du’ &n DN nghia 1 van gitta nguyén tinh hinh
hién tai. Phugng an DN khong lam phat sinh cac chi phi cling
nhu Igi nhuan

+ Mot trong nhirng chirc nang quan trong cua quan ly
va ky thuat tai chinh la viéc tao ra cac “giai

phap/phuong an thay thé”

* Néu khong co giai phap/phuong an thay thé dé xem
xét thi do cé thye sy 1a khdng c6 van de dé giai

quyét?

. l\!éu c6 mét loat cac phwong an "kha thi", moén kinh
té ky thudt sé giup xac dinh cac phwong an kinh té

"tt nhat" cho mét van dé nhéat dinh.

- Céac phuwong an phai ngang bang mac phuc vu cla
nhau, ngha la cac phuong an dwoc danh gia phai co
sO nam phuc vu nhw nhau.

+ Trong mc?t dw an, dy an dwoc goi la kha tj‘]i vé mat tai
chanh néu PW>0 (gia tri hién tai) & 1ai suat MARR.

- Khi ¢6 nhiéu phwong an, phuwong an cé PW Ién hon

sé dwoc chon.

“Vidu: PW,
$-1500
+2500
-1200
+4200

PW,
$-500
-500
+25
+500

Chon
Alt 2
Alt 1
Alt 2
Alt1
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+ Loi nhuan — méi phuwong an déu tinh toan loi nhuan
va chi phi & hién tai va twong lai trong subt thoi gian
dw kién cuia dw an.

+ Chon tt ca cac phwong an cé6 PW>0 véi lai suat |a
MARR.

+ Gia dinh rang khong rang budc lwong (tién) dau tw

trong mét thoi doan nhét dinh. + M6i phwong an déu phat sinh chi phi (dong tién ra)

- . va loi nhuan ciing nhu cac khoan con lai (dong tién
* Néu c6 gi¢i han dau tw, thwong la nhw vay, sé giai vao).

,{t > r h . 2 R z
quyet & cac chirang sau * Lgi nhuan co thé khac nhau trong moéi phuwong an.
+ Tiéu chi clia cac nha dau tu: Chon Iva phwong an

toi da hoa cac lgi ich qua phép do kinh té.

+ Chi phi (Phuc vu) — méi phwong an chi cé chi phi
hién tai va chi phi twong lai trong subt thdi gian dw
kién cta dw an.

+ Mbi dw an chi c6 phat sinh chi phi (dong tién ra)

+ Loi nhuan va cac khoan con lai (khoan tiét kiém)
dwoc gia dinh la nhw nhau trong cac dy an déc lap, do
vay sé khong anh huéng dén viéc Iywa chon dy an.

+ Tiéu chi: Chon phwong an gidm thiéu cac loi ich qua
phép do kinh té (phép do dwa trén chi phi, cost-based)
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- M6t quy trinh/phwong phap dé tinh gia tri twong
dwong cua tién té trong twong lai tré vé mot thoi diém
khac goi la Phwong phap tri gia hién tai (Present
Worth Method)

- Tim gia tri hién tai v&i 13i suat xac dinh, thwong la
bang hodac I&n hon lai suat toi thieu MARR (Minimum
Acceptable/Attractive Rate of Return) clia co quan/to
chuee.

| EXAMPLE 5.1

A university lab is a research contractor to NASA for in-space fuel cell systems that are hydrogen-
and methanol-based. During lab research, three equal-service machines need to be evaluated
economically. Perform the present worth analysis with the costs shown below. The MARR is
10% per year.

Electric-Powered  Gas-Powered Solar-Powered

First cost, § —4500 3500 —6000
Annual operating cost (AOC), $/year —900 —700 —50
Salvage value 5, § 200 350 100
Life, years 8 8 8

+ Céac phwong an loai trir 1an nhau:

- Mot phwong an: Néu PW=0, phwong &n phai kha thi vé
kinh t& va phai bang hodc vwot MARR.

- Nhiéu phwong an: Chon phwong an cé PW tét nhét,
nghta la chi phi it nhat ho&c loi nhan cao nhéat.

+ Cac dy an déc lap: Chon tat ca cac dw an c6 PW=0
voi 1ai sudt MARR.

Solution
These are cost alternatives. The salvage values are considered a “negative” cost, so a + sign
precedes them. (If it costs money to dispose of an asset, the estimated disposal cost has a — sign.)
The PW of each machine is calculated at i = 10% for n = 8 years. Use subscripts £, G, and S.
PW, =| |
PW, =] |
PW, =| |
The solar-powered machine is selected since the PW of its costs is the lowest; it has the
numerically largest PW value.
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~ Waterfor Semiconductor M

As discussed in the introduction to this chapter, ultrapure water (UPW) is an expensive com-
modity for the semiconductor industry. With the options of seawater or groundwater sources,
it is a good idea to determine if one system is more economical than the other. Use a MARR of
12% per year and the present worth method to select one of the systems.

Dang The Gia, BM Ky Thuat Xay Dung
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Solution
An important first calculation is the cost of UPW per year. The general relation and estimated
costs for the two options are as follows:

_costin$ | (gallons| (minutes| (hours
1000 gallons | | minute hour day

Seawater: (4/1000) (1500)(60)(16)(250) = $1.44 M per year
Groundwater: (5/1000) (1500)(60) (16)(250) = $1.80 M per year

days

.S
UPW cost relation: g557 year

year =

Calculate the PW at i = 12% per year and select the option with the lower cost (larger PW
value). In $1 million units:

PW relation: PW = first cost — PW of AOC — PW of UPW + PW of salvage value

Based on this present worth analysis, the seawater option is cheaper by $2.52 M.

+ V6i nhirng phuong an khéng cung tudi tho, can theo
quy luat: “PW clia cac phwong an can duwoc so
sanh trong cting s6 nam”, dwoc goi 1a yéu cau cé
“Cung th&i gian phuc vy’ (Equal Service).

Hai cach tiép can

* B6i s6 chung nhé nhat (Lowest Common Multiple) — So sénh
cac phwong an theo bdi sé chung nhé nhét clia tudi tho cac
phuwong an. Vi du: tudi tho clia cac dw an la 4 nam va 6 nam,
st dung n=12 nam v&i gid st tai dau tw véi cung cAu hinh
trong sudt 12 nam.

* Thoi doan nghién ctru (Study Period) — gid dinh mét khoang
thoi gian dw kién va danh gia cac phwong an theo khoang thoi
gian nay.



D&i véi phan tich PW hodc FW, can tinh toan cho
thoi gian 18 nam (B&i s6 chung nhd nhat)

9 year Project 9 year Project

» 3 chuky cho dwdn 6 nam
» 2 chu ky cho dw @n 9 nam
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EXAMPLE 5.3

National Homehuilders, Inc., plans to purchase new cut-and-finish equipment. Two manufac-
turers offered the estimates below.

Vendor A Vendor B
First cost, § —15,000 —18.000

Annual M&O cost, § per year —3,500 —3.100
Salvage value, § 1,000 2,000
Life, years 6 9

(a) Determine which vendor should be selected on the basis of a present worth comparison,
if the MARR is 15% per year.

(h) National Homehuilders has a standard practice of evaluating all options over a 5-year
period. If a study period of 5 years is used and the salvage values are not expected to
change, which vendor should be selected?

Solution
(a) Since the equipment has different lives, compare them over the LCM of 18 years. For life

cycles after the first, the first cost is repeated in year 0 of each new cycle, which is the last
year of the previous cycle. These are years 6 and 12 for vendor A and year 9 for B. The
cash flow diagram is shown in Figure 5-2. Calculate PW at 15% over 18 years.

PW, =

PWg

Vendor B is selected, since it costs less in PW terms; that is, the PWy, value is numeri-
cally larger than PW,.
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(b) For a 5-year study pé-riod. no cycle repeats are necessary. The PW analysis is

PW, =

PW, =

Vendor A is now selected based on its smaller PW value. This means that the shortened
study period of 5 years has caused a switch in the economic decision. In situations such as
this, the standard practice of using a fixed study period should be carefully examined to
ensure that the appropriate approach, that is, LCM or fixed study period, is used to satisfy
the equal-service requirement.

Trong nhiéu trwdng hop, phan tich gia tri tu’o’—TQ lai
dwoc wa chuéng hon.

Cach thyc hién twong tyw nhw trong phan tich gia tri
hién tai.

Déi v&i cac phwong an cé cuing thoi gian phuc vu

(equal service), st dung cach tiép can LCM

* Tim gia tri twong lai (FW) ctia mbi phuwong an

* Quy ddi gid tri twong lai (FW) vé cuing s6 nam LCM v&i cuing 1&i sudt
dé tim gid tri hién tai (PW) ctia méi phwrong an

Déi vai cach tiép can ‘thdi doan nghién ciru’, chon
s0 nam n phu hop dé tinh dong tién cho maoi
phwong an.

Dang The Gia, BM Ky Thuat Xay Dung

EXAMPLE 5.4 ,

When we discussed this case in the introduction, we learned that the initial estimates of equip-
ment life were 10 years for both options of UPW (ultrapure water)—seawater and groundwater.
As you might guess, a little research indicates that seawater is more corrosive and the equipment
life is shorter—o5 years rather than 10. However, it is expected that, instead of complete replace-
ment, a total refurbishment of the equipment for $10 M after 5 years will extend the life through
the anticipated 10th year of service.

With all other estimates remaining the same, it is important to determine if this 50%
reduction in expected usable life and the refurbishment expense may alter the decision to go
with the seawater option, as determined in Example 5.2. For a complete analysis, consider
both a 10-year and a 5-year option for the expected use of the equipment, regardless of the
source of UPW.
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A E (s R I - [ |
[ET PW analysis over LCM of 10 years. | | |
2 | | |
I 3 Year Seawater ~ Groundwats Seawater option
) o -20.00 || = AOC + UPW cost/year
| 1 = o= A |
| 2 T —
7 3 e
| 4 1.94 I sndws oyt
= 5 -11.84 + = AOC + UPW cost/year |
10 6 -1.94 =—03—180
| 7 -84 ‘ I
12 8 -1.94 1
13 9 -1.94
|14 | 10 094
16 NPViunclion  =NPV(12%BS:B141+B4 —
17 |
18 NPV(S1M) (36.31) (33.18) i o
118 i - . ~ | 1 i Bl
20 |
I PW analysis over 5-year study period \ [
22 | |
23| Yoar Soawater Groundwater | S E—
2] ‘ ‘
|25 | | |
26 | |
27 - .
28 - _Salvxg_e values are the
i le—"[ | same after 5 and 10 years
30 : : -
|31 NPVfunction = ‘=NPV{12%B25:829)+B2¢  =NPV(12%C25C29p+C24 |
32 | | |
33 NPV ($1 M) (26.43) (28.32) | | |

Comments

The decision switched between the LCM and study period approaches. Both are correct an-
swers given the decision of how the equal-service requirement is met. This analysis demon-
strates how important it is to compare mutually exclusive alternatives over time periods that
are believable and to take the time necessary to make the most accurate cost, life, and MARR
estimates when the evaluation is performed.

If the PW evaluation is incorrectly performed using the respective lives of the two options,
the equal-service requirement is violated, and PW values favor the shorter-lived option, that is,
seawater. The PW values are

Option S: n=>5years, PWg = $—26.43 M, from the bottom left calculation in Figure 5-3.

Option G: n= 10 years, PW; = $—33.16 M, from the top right calculation in Figure 5-3.

Solution
A spreadsheet and the NPV function are a quick and easy way to perform this dual analysis.
The details are presented in Figure 5-3.

LCM of 10 years: In the top part of the spreadsheet, the LCM of 10 years is necessary to sat-
isfy the equal-service requirement; however, the first cost in year 5 is the refurbishment cost of
$—10 M., not the $—20 M expended in year 0. Each year's cash flow is entered in consecutive
cells; the $—11.94 M in year 5 accounts for the continuing AOC and annual UPW cost of
$—1.94 M, plus the $— 10 M refurbishment cost. The NPV functions shown on the spreadsheet
determine the 12% per year PW values in $1 million units.

PWg = $-36.31 PW; = $-33.16

Now, the groundwater option is cheaper; the economic decision is reversed with this new
estimate of life and year 5 refurbishment expense.

Study period of 5 years: The lower portion of Figure 5-3 details a PW analysis using the
second approach to evaluating different-life alternatives, that is, a specific study period, which
is 5 years in this case study. Therefore, all cash flows after 5 years are neglected.

Again the economic decision is reversed as the 12% per year PW values favor the seawater
option.

PWg = §$-26.43 PW;=§-28.32

A British food distribution conglomerate purchased a Canadian food store chain for £75 mil-
lion 3 years ago. There was a net loss of £10 million at the end of year 1 of ownership. Net cash
flow is increasing with an arithmetic gradient of £+5 million per year starting the second year,
and this pattern is expected to continue for the foreseeable future. This means that breakeven
net cash flow was achieved this year. Because of the heavy debt financing used to purchase the
Canadian chain, the international board of directors expects a MARR of 25% per year from
any sale.

(a) The British conglomerate has just been offered £159.5 million by a French company
wishing to get a foothold in Canada. Use FW analysis to determine if the MARR will be
realized at this selling price.

(b) 1If the British conglomerate continues to own the chain, what selling price must be ob-
tained at the end of 5 years of ownership to just make the MARR?
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£159.5
i= 2597
0 1 2 3 Year
| ] |
l i
l £5
£10
£75
(a)

(b) Determine the future worth 5 years from now at 25% per year. Figure 5-45 presents the
cash flow diagram. The A/ and F/A factors are applied to the arithmetic gradient.

FW; = —T75(F/P,25%,5) — 10(F/A,25%,5) + 5(A/G,25%,5)(F/A.25%.5)
= £—246.81 million
The offer must be for at least £246.81 million to make the MARR. This is approximately

3.3 times the purchase price only 5 years earlier, in large part based on the required
MARR of 25%.

Solution
(a) Set up the future worth relation in year 3 (FWs) at i = 25% per year and an offer price of
£159.5 million. Figure 5-4a presents the cash flow diagram in million £ units.
FW, = —T5(F/P.25%.3) — 10(F}P.25%,2) — 5(F/P,25%,1) + 159.5
= —168.36 + 159.5 = £—8.86 million

No, the MARR of 25% will not be realized if the £159.5 million offer is accepted.

Dang The Gia, BM Ky Thuat Xay Dung
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- Céc dw an nhw: nha may dién, cau, dwong, tuyen * V@i n=« ta co cong thirc sau:
metro, tuyen duwong xe Ira, dé, dap, hé chira,... co
tudi tho dy an rat dai. ! 1
- CC la gia tri hién tai ciia cac dw an c6 tudi tho dai, P=Al"" 1+ )"
thdng thwong tir 35 nam tré [én. -3 .
+ Tudi tho dy an trong cac tru_’c‘mg,ho’p nay xem nhw
c6 n=w cho cac phan tich kinh té. CC = !;l b CC = A\jN
AW = CC(J)

- Bwéc 1: Vé so db dong tlen v&i chiéu dai chira ca * Buwérc 3:
hai dir liéu (thda ca hai diéu kién) sau:

. . Chuyen cac chi phi dinh ky (recurrlng costs) thanh
+ - Tét ca cac chi phi khong dinh ky (chi phi mét 1an) gia tri hang nam A cho mét chu ky cua tat ca cac chi
phi dinh ky (gia tri nay sé nhw nhau trong cac chu ky

+ - [t nh4t hai chu ky cla tat ca cac chi phi dinh ky. fiép theo, xem tham churong 7).

. Cong gia tri nay vao tat ca cac gia tri hang nam khac
* Bwéc 2: Dung quan hé P/F, tinh gia tri hién tai cho xay ra trong thoi gian 1 nam (cho dén vo han). Két
céac chi phi khdng dinh ky (nonrecurring costs), day qua la téng gia tri AW.

chinh |a gia tri CC véi n=co. - Bwérc 4: Chia gia tri A vira tim duoc & buoc 3 cho
|ai suét dé tim CC.

- Bwéc 5: Cong tat ca cac gia tri CC da tim & buwdc 2
& 4, ta dwoc CC tbng.
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The Haverty County Transportation Authority (HCTA) has just installed new software to charge
and track toll fees. The director wants to know the total equivalent cost of all future costs in-
curred to purchase the software system. If the new system will be used for the indefinite future,
find the equivalent cost (a) now, a CC value, and () for each year hereafter, an AW value.

The system has an installed cost of $150,000 and an additional cost of $50,000 after
10 years. The annual software maintenance contract cost is $5000 for the first 4 years and
$8000 thereafter. In addition, there is expected to be a recurring major upgrade cost of $15,000
every 13 years. Assume that i = 5% per year for county funds.

Solution
(a) The five-step procedure to find CC now is applied.
1. Draw a cash flow diagram for two cycles (Figure 5-5).
2. Find the present worth of the nonrecurring costs of $150,000 now and $50,000 in year
10 at i = 5%. Label this CC,.

CC, = —150,000 — 50,000(F/F,5%,10) = $—180,695

CLEETTTTLLTT LTI

$15.000 $15.000

$50.000

$150.000

3and 4. Convert the $15,000 recurring cost to an A value over the first cycle of 13 years, and
find the capitalized cost CC, at 5% per year using Equation [5.1].

A= —15000(4/F.5%,13) = $—-847
CC, = —847/0.05 = $—16,940
There are several ways to convert the annual software maintenance cost series to A4

and CC values. A straightforward method is to, first, consider the $-5000 an A series
with a capitalized cost of

CC, = —5000/0.05 = $—100,000

Second, convert the step-up maintenance cost series of $-3000 to a capitalized cost
CC, in year 4, and find the present worth in year 0. (Refer to Figure 5-5 for cash flow
timings.)

—3,000

CCi= 05

(P/F5%4) = $—49.362
5. The total capitalized cost CC; for Haverty County Transportation Authority is the sum
of the four component CC values.

CCy= —180,695 — 16,940 — 100,000 — 49,362
= $-346,997

2/20/2019
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(b) Equation [5.2] determines the AW value forever.
AW= Pi= CC() = $346,997(0.05) = $17.350

Correctly interpreted, this means Haverty County officials have committed the equivalent
of §17,350 forever to operate and maintain the toll management software.

EXAMPLE 5.7

Our case study has progressed (in Example 5.4) to the point that the life of the seawater option
can be extended to 10 years with a major refurbishment cost after 5 years. This extension is
possihle only one time, after which a new life cycle would commence. In $1 million units, the
estimates and PW values (from Figure 5-3) are as follows:

Seawater: Py = $—20; AOCg = $—1.94; ng = 10 years; refurbishment, year 5 = $§—10;
S, = 0.05(20) = $1.00; PW, = $-36.31
Groundwater: F; = $—22: AOC; = $—2.10: n; = 10 years; 5 = 0.10(22) = §2.2;
PW; = $-33.16
If we assume that the UPW (ultrapure water) requirement will continue for the foreseeable
future, a good number to know is the present worth of the long-term options at the selected

MARR of 12% per year. What are these capitalized costs for the two options using the esti-
mates made thus far?

Solution

Find the equivalent A value for each option over its respective life, then determine the CC
value using the relation CC = A/i. Select the option with the lower CC. This approach satisfies
the equal-service requirement because the time horizon is infinity when the CC is determined.

Seawater: A; = PWs(4/P.12%,10) = —36.31(0.17698) = $—6.43
CC = —6.43/0.12 = $—53.58

Groundwater: A, = PW,,(4/F,12%,10) = —33.16(0.17698) = $—5.87
CCq = —5.87/0.12 = $—48.91

In terms of capitalized cost, the groundwater alternative is cheaper.

Comment

If the seawater-life extension is not considered a viable option, the original alternative of
5 years could be used in this analysis. In this case, the equivalent A value and CC computations
in $1 million units are as follows.

Assyeus = —20(4/P.12%,5) — 1.94 + 0.05(20) (A/F12%,5)
=$-7.33
CCs 5 yours — —7.33/0.12 = §—61.08

Now, the economic advantage of the groundwater option is even larger.

2/20/2019
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& phwong

+ Phan tich CC c6 thé str dung dé so sanh mot
phwong an co tudi tho hiru han va mét phuwong an
¢o tudi tho vo han.

+ Dé xac dinh CC cho phuong an c6 tudi tho hiru han,
chi can tinh AW cho mét chu ky ctia phwong an. Sau
dé chia AW cho lai suat i dé dwoc CC.

| A B G
1 Interest rate 5%
2
3 (@) E (b) Sensitivity
4 of hi 10 5.63
3 t
6 Alternative 1: Contractor
T2 Initial contract cost -8,000,000
8 Annual cost -25,000
9 CC for contractor (CC = Ali) -8,500,000
10
11 Alternative 2: Purchase
12 Initial cost per machine -275,000
13 Expected life, years 5
14 AOC per machine -12,000
15

Equivalent annual value (A) -755,181
CC for purchase (CC = Ali) /{15.1012,614

|
| = PMT($BS$1,B13,—B12*B4) + B14*B4 |

EXAMPLE 5.8

The State Legislature has mandated a statewide recycling program to include all types of
plastic, paper, metal, and glass refuse. The goal is zero landfill by 2020. Two options for the
materials separation equipment are outlined below. The interest rate for state-mandated projects
is 5% per year.

Contractor option (C): $8 million now and $25,000 per year will provide separation services
at a maximum of 15 sites. No contract period is stated; thus the contract and services are of-
fered for as long as the State needs them.

Purchase option (P): Purchase equipment at each site for $275,000 per site and expend an
estimated $12,000 in annual operating costs (AOC). Expected life of the equipment is 5 years
with no salvage value.

(a) Perform a capitalized cost analysis for a total of 10 recycling sites.
(b) Determine the maximum number of sites at which the equipment can be purchased and
still have a capitalized cost less than that of the contractor option.

Solution

(a) Figure 5-6, column B, details the solution. The contract, as proposed, has a long life.
Therefore, the $8 million is already a capitalized cost. The annual charge of 4 = $25,000
is divided by 7 = 0.05 to determine its CC value. Summing the two values results in
CC = $—8.5 million.
For the finite, 5-year purchase alternative, column B shows the first cost ($—275,000 per
site), AOC (§—12,000), and equivalent A value of $—755,181, which is determined via
the PMT function (cell tag). Divide A by the interest rate of 5% to determine CCp =
$—15.1 million.

The contractor option is by far more economical for the anticipated 10 sites.

2/20/2019
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(b) A quick way to find the maximum number of sites for which CCp < CC is to use Ex-
cel’s Goal Seek tool, introduced in Chapter 2, Example 2.10. (See Appendix A for details
on how to use this tool.) The template is set up in Figure 5-6 to make the two CC values
equal as the number of sites is altered (decreased). The result, shown in column C, indi-
cates that 5.63 sites make the options economically equivalent. Since the number of sites

must be an integer, 5 or fewer sites will favor purchasing the equipment and 6 or more
sites will favor contracting the separation services.

This approach to problem solution will be called breakeven analysis in later chapters
of the text. By the way, another way to determine the number of sites is by trial

and error. Enter different values in cell B4 until the CC values favor the purchase
alternative.

Phuwong phap phén tich gia tri hién tai can phai so
sanh trong cung th&i gian phuc vu.

Phwong an c6 PW I&n (chi phi thap nhat, lon nhuan
cao nhat) sé dwoc lwa chon.

Cac phuwong an co tudi tho lau dai hay v6 han duoc
so sanh bang cach str dung phan tich Chi phi Von
héa (Capitlized Cost)

Nhirng phwong phap bat ngudn tir phwong phap
PW gom: capitalized cost, life-cycle costs, payback
period, bonds
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