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The IRR (internal rate of return) is often used by investors for the evaluation of engineering projects. Unfortunately, it is widely
known that it has serial flaws. Also, External rate of returns (ERRs) such as ARR (Average Rate of Return) or MIRR (MIRR,
Modified Internal Rate of Return) do not differentiate between the real investment and the expenditure. The PRR (Productive
rate of return) is faithful to the conception of the return on investment. The PRR uses the effective investment instead of the

initial investment. In this paper, we examined two cases of the engineering project. the one is a traditional engineering project
with financing activity, another is the project with R&D. Although the IRR has only one value, it overestimates or underestimate
profitabilities of Engineering Projects. The ARR and the MARR assume that a returned cash reinvest other projects or assets
instead of the project currently executing. Thus they are only one value of a project’s profitability, unlike the IRR. But the ARR

does not classify into the effective investment and non-investment expenditure. It only accepts an initial expenditure as for an

investment. The MIRR also fails to classify into the investment and the expenditure. It has an error of making a loss down as
the investment. The IRR works as efficiently as a NPW (Net Present Worth). It clearly expresses a rate of return in respect
of an investment in an engineering project with a loan. And it shows its ability in an engineering project with a R&D investment.

Keywords : Net Present Value, Cash Flow Table, Profit and Loss Statement, External Rate of Return, Internal Rate of

Return, Productive Rate of Return

1.M 2 & 4 gl AW WAL Tk Magil6, 7] A

U559 & (Average Internal Rate of Return)= A A|

AEEAAG S e AR W R Entemal  gw gl Ak RIS o] ol Fo] Yol A)FApETh

Rate of Return, IRR)H 2 tEo|2E, SAFYE T3 = nagyds 643 2 428 [RRS L8 34

2o Ha o AA T Sl] el e A e ofda) 2k glnk ofY WS nekd S Qe 9y

Ha gleh c1ejvh vhee) IRRso] A1l |9 ks 9] &(External Rate of Return, ERR)E2 A FAAY
)

Received 7 December 2016; Finally Revised 25 February 2017,

Accepted 27 February 2017
¥ Corresponding Author : woogy@cwnu.ac.kr

T o] AAFAALY O] el A FALE = Aol of
Y} o Fo Fxix]o] 247 tj4-<)E(Minimum Attractive
Rate of Return, MARR)S W= Aoz 7F4go=zxn



An Economic Analysis with the Productive Rate of Return 51

FroleEnt dAdgoe] v Bk xelth ey o
FAEES FATYES WIstA Aot XeFoEH
Fole] A7lE 7]'3”% T gl @4l At

Kim[1, 3] X

go] opg Tz}a : o
Tt s 7]E ﬂ??‘%‘%‘éol e 9RE dla
gk AT ]-—/FQ‘]I E(PRR, Productive Rate of Return)< A
AT e AAFASAEL fAE 4 D

Feliel A% A U o, GUTATY

re
—\J

_>.:

i

o

),

m

>4

>

>~

>

19 z2
mqm o,

oo
to
.
o
19
m
032
>
%
Y
}

2. EXISOUE0] CiE Ho

BAEAA Y] 5 &
(R 1y Halehs

N, FA#2] MARR<Z i, n7]%t
THFEES A2 HAISHH,

IRR= 4] ()& WHEA7]E 12 Aofdr

N

MAa,(+r) " =0. (1)

n=>0

ERR| &}l Solomon®] #HiF42]E(ARR, Average

Rate of Return) 2] (2)9} Zo] A= U9
1
N N
( ZAH(Hz')‘V"j @)
_ | n=1 _
ARR =\ ] 1
ERRY tE 3tuel F=AHUE-42EMIRR, Modified
Internal Rate of Return) 2] (3)3}F Zo] FAISTHS)

N
Y max(A4,,0)(1+49)""
n=0

N -1 3)
— Y min(4,,0)(1+4)""

n=>0

MIRR =

AAFALL S T AT EEA)S FARE @
FEEL)S JADE L AFZIIEOR WA

AdE AHEEB) 22 ok PRR 4] (4)9 2]
]

iBn(Hz)“*" v
PRR=| "= —1 )
=M r(1+i)"
3. M=ol MMEXIAIY Al

Aulel] Fafasto] HES Aatete] A 2~3d, AA
T 4~5d FEAA ] FESE 92 29T 7IdelA &
st A sk AdFAAR ol v 10]. AV B
A o] At @A WAEEE(Cylinder block 2 Spindle
mount)s Fst] FHPA7F H et Aok AFAES 9]
3|4 HARS] 29 57d7F ¥952] Vertical Machining Center
E TYE Ao, kA wAES 9, v
AP 71ZE sol QEF ARl SAS THHER ¥E

Xo] =
o T
Uegut v g4 vedses 48 7 Ak

o fo & Xome @ Ob W ol i
ﬂﬂ N ﬂi Oi [\S) ég
;jﬁgrﬂmé
i)

g ©
LN

N
e,

T 2
2o

y

o

N

= O:
oo Il i
w12 1o =
L

poc
o
it
2
o
ol
ol
=)
=

£
To
i
o
o T
>
=
o
Mo X oo

O Hr rQ o

e e E N Ay o

(
=

71e] 40% &

-
o Eg

1=
=

2
e 4
lo 2

>

=
(o,

-

ol
N
)
i)
s,
o
AR
Mo
2,

[of O L rr
it
=3 rr r

oy o2 &

0%, MARR° 10%o]tt. o] AAHFARAL
EXE 245 <Table 1>3 2t

<Table 1>01A At 7|7FZe] A4 E A7} 0¢)
A2 BAFAALG ol Fdet] Sl A E R F
AL AR E AR 7] woln, A= At
sk dgeltt o] s FRdA FATYE
Z1o] <Table 2>°]t}

o714 IRR®°] PRR, ARR, MIRRET} A5 E’thH
Al H7bstar 9lem, ARRY MIRRZ ARIE E 3]
FHE = A9 7HA7F 27| FAF Rl A A e Ee] IRR
jr/} 7Elo] Nz]x%o Ez}:Lono o & 9= D}X%o] gll:}

o

_u 4N éé yq
roh fE o rlo

tio



352 Jin Wook Kim - Immo Son - Jaiwook Shin
<Table 1> Modified P/L and Cash Flow Table for a Sample Case(Million )
 ————— Endof Year 0 1 2 3 4 5
Revenues Sales 200 210 220 230 240
Material 20 22 24 26 28
Labor 50 50 50 50 50
Expenses Overhead 8 9 10 11 12
P/L Depreciation 28 28 28 28 28
Administrative 5 5 5 5 5
Taxable Income 89 96 103 110 117
Income Taxes 18 19 21 22 23
Net Income 71 77 82 88 94
Operating Net Income 71 77 82 88 94
Activities Depreciation 28 28 28 28 28
) Investment -250 100
Cash Flow ,Ifil;/tis/?t?egs Disposal Tax 0
Table Working Capital 25 0 0 0 0 25
Net Cash Flow 2275 99 105 110 116 247
Non-Investing Activities 0 99 105 110 116 122
Investing Activities 275 0 0 0 0 125
<Table 2> Return on Investment <Table 3> A Loan Repayment Schedule
Rate of Investment Revenue End of 0 1 5 3 4 5
Return (Denominator) (Numerator) Year
IRR 33.37%
Interest 12.34 12.34 12.34 7.19 2.77
PRR 27.60% -197 668
ARR 23.58% 2275 793 o
Principal | 200.00 -99.69 | -105.84
MIRR 23.58% 2275 793
<Table 4> Modified P/L and Cash Flow Table for a Sample Case(Million %)
. ————— End of Year 0 1 2 3 4 5
Revenues Sales 200 210 220 230 240
Material 20 22 24 26 28
Labor 50 50 50 50 50
Overhead 8 9 10 11 12
Expenses —
PIL Depreciation 28 28 28 28 28
Administrative 5 5 5 5 5
Interest Payment 12 12 12 7 3
Taxable Income 77 84 91 103 114
Income Taxes 15 17 18 21 23
Net Income 61 67 72 82 91
Operating Net Income 61 67 72 82 91
Activities Depreciation 28 28 28 28 28
i Investment -250 100
k;?iﬁ?i Disposal Tax 0
Cash Flow Working Capital -25 0 0 0 0 25
| Rt | R, RN
Net Cash Flow -75 89 95 101 11 139
Non-Investing Activities 200 89 95 101 11 14
Investing Activities 275 0 0 0 0 125
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<Table 5> Return on Investment

Rate of Investment Revenue
Return (Denominator) (Numerator)
IRR 116.22%
PRR 29.76% -197 726
ARR 47.81% =75 529
MIRR 47.81% -75 529
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<Table 6> Modified P/L and Cash Flow Table for a Sample Case(Million ##)

. ————— End of Year 0 1 2 3 4
Revenues Sales 126,100 121,250
Material 84,812 81,550
Labor 24,232 23,300
Overhead 12,116 11,650
Expenses -
PIL Ordinary R&D 150
Depreciation(M/C) 204 339 339
Depreciation(R&D) 500 500
Taxable Income -204 3,951 3911
Income Taxes -61 1,185 1,173
Net Income -143 2,766 2,738
Operating Net Income -143 2,766 2,738
Activities Depreciation 204 839 839
) Investment -2,264 -1,500
Cash Flow K‘;fii‘l’i Non-ordinary R&D 22,000 21,000
Table Working Capital -500
Net Cash Flow -4,264 2,939 3,605 3,577
Non-Investing Activities 61 3,605 3,571
Investing Activities -4,264 -3,000
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<Table 7> Modified P/L and Cash Flow Table for a Sample Case(Continued, Million ¥)
 ————— End of Year 5 6 7 8
Revenues Sales 131,920 147,440 150,350 140,650
Material 88,726 99,165 101,122 94,598
Labor 25,350 28,333 28,892 27,028
Overhead 12,675 14,166 14,446 13,514
Expenses -
PIL Ordinary R&D 350
Depreciation(M/C) 339 339 339 339
Depreciation(R&D) 500 500 500 500
Taxable Income 4329 4,587 5,051 4,671
Income Taxes 1,299 1,376 1,515 1,401
Net Income 3,031 3,211 3,536 3,270
Operating Net Income 3,031 3,211 3,536 3,270
Activities Depreciation 839 839 839 839
) Investment 1,506
Cash Flow ?Zs\slﬁ?i Non-ordinary R&D
Table Working Capital 500
Net Cash Flow 3,869 4,050 4375 6,114
Non-Investing Activities 3,869 4,050 4375 4,109
Investing Activities 2,006
<Table 8> Return on Investment o] 7|4 ARRZ} MIRRS A &Jgt Ao FAsHE R (F
AFNE 54T 5 glo] ke & 5 9ok 294 =
Fetun | (Deonominaton) | (Numeraton | 7) 2%ke] R AETohe @A 2d8l A}
IRR 38.07% 2| 2 3HAkS)o] —rx}%‘iﬂgi 31 ARR¥} MIRRS 3}
PRR 23.91% -5,420 30,123 . of B ZVMOME_ IRR ] PRR, ARR, MIRR 3
o o142 sojshl BAhska gtk wHel PRR
AR | 2aom 3% — £ dResdA FANE ve e Raggonz
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<Table 9> Modified P/L and Cash Flow Table for a Sample Case(Million )
 —————— Endof Year 0 1 2 3 4
Revenues Sales 126,100 121,250
Material 84,812 81,550
Labor 24,232 23,300
Overhead 12,116 11,650
Expenses -
PIL Ordinary R&D 150
Depreciation(M/C) 204 339 339
Depreciation(R&D) 500 500
Taxable Income -204 3,951 3911
Income Taxes -61 1,185 1,173
Net Income -143 2,766 2,738
Operating Net Income -143 2,766 2,738
Activities Depreciation 204 839 839
) Investment -2,264 -1,500
Cash Flow Eil:tf\s/:glfs Non-ordinary R&D -2,000 -1,000
Table Working Capital -500
Net Cash Flow -4,264 -2,939 3,605 3,577
Non-Investing Activities 61 3,605 3,577
Investing Activities -4,264 -3,000
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<Table 10> Modified P/L and Cash Flow Table for a Sample Case(Continued, Million )

End of Year 6 7 8
Revenues Sales 131,920 147,440 150,350 140,650

Material 88,726 99,165 101,122 94,598

Labor 25,350 28,333 28,892 27,028

Overhead 12,675 14,166 14,446 13,514

Expenses :
PIL Ordinary R&D 350

Depreciation(M/C) 339 339 429 429

Depreciation(R&D) 500 500 500 500

Taxable Income 4,329 4,587 4,961 4,581

Income Taxes 1,299 1,376 1,515 1,401

Net Income 3,031 3,211 3,446 3,180

Operating Net Income 3,031 3,211 3,446 3,180

Activities Depreciation 839 839 929 929

) Investment -1,000 2,306

Cash Flow Kl;/tisz?t?egs Non-ordinary R&D

Table Working Capital 500
Net Cash Flow 3,869 3,050 4375 6,914
Non-Investing Activities 3,869 4,050 4,375 4,109

Investing Activities -1,000 2,806
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<Table 11> Return on Investment
Rate of Investment Revenue
Return (Denominator) (Numerator)
IRR 37.35%
PRR 23.38% 5,611 30,123
ARR 22.83% -6,356 32,928
MIRR 22.83% -6,356 32,928
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