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ABSTRACT

Economic Analysis enjoys widespread use in the Department of Defense
as an aid to insure that available funding is invested wisely. The post
data collection stage of a cost study requires that analytical techniques,
eQllectively termed 'economic analysisw , be performed. The resulting
l' number crunching (pre-decision making stage), when performed manually,
may require hours to complete. Al is an interactive BASIC program modeled
after format A-1 found in Army regulation 11-28. Written for the IBM PC,
it may readily be converted for use with microcomputer systems throughout
the Department of Defense. Al is easy to use, requiring no computer
experience. The results are highly reliable, with human error reduced to
a minimum. Al enjoys a high degree of applicability and allows for
multiple runs (sensitivity analysis) with a minimum of effort.

INTOIDUCION

Economic Analysis is among the most useful of tools employed by the
cost analysis comunity. The typical cost analyst spends much time in the
collection and processing of data into a meaningful form. As such, it is
important for one to have access to a computer program which allows for
rapid processing of cost data. This program should consider not only
recurring costs and investment costs, but also those associated with
employing and replacing existing assets, the terminal value of the new
investment, and the cost avoidance experienced when the proposed system
precludes requirements to refurbish or modify elements of the present
system. Program Al satisfies these requirements, performing all necessary
mathematical operations within user defined parameters.

The intent of this paper is to introduce an economic analysis program
tailored for use with the office microcomputer. It is assumed that the
reader is familiar with the mathematics used in performing economic
analysis, and as such, the development of those rudimentary mathematical
techniques is not considered.

TERMINOLOGY

In order that the prospective user become familiar with the economic
analysis terminology required to use Al, the following definitions are
given. Included with each definition is a description of how those costs
associated with the defined element are treated in the program.

Operating (Recurring) Costs. The operating costs for both the present
and proposed alternatives must be annualized and will include any
identifiable recurring costs associated with each alternative. Consumable
material, labor, overhead, and support costs are all examples of recurring
costs. Al discounts the annual savings for both alternatives and sums each

* over the project life.

Investments Costs. The investment costs for the proposed system
include all non-recurring (one-time) costs grouped by project year.
Equipment acquisition and refurbishment, research and development, and
construction costs are examples of non-recurring costs. Al discounts the
annual investment costs and sums them over the project life.
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Existing Assets NEployed. The value of existing assets required by
, the proposed system. When applicable, the salvage value of the existing

asset, discounted to the end of the last year of the economic life, should
be subtracted from the asset's current value. This insures that the
existing asset's residual value at the end of the project is captured. Al
discounts the value of existing assets employed, then adds that value to
the discounted investment cost.

. Value of Existing Assets Replaced. The value associated with assets
no longer required under the proposed system; i.e., the salvage value of

" the replaced assets. Al discounts the value of replaced assetq and
subtracts that value from the discounted investment cost.

Terminal Value. An estimate of the value of land, buildings, and
equipment (new investment) at the end of their useful life. Al difcounts
the terminal value to the end of the final project year and subtracts that
value from the discounted investment cost.

Refurbishment or Modifieation Eliminated. Cost avoidance resulting
when the requirement to refurbish or modify existing equipment is
eliminated through the implementation of the proposed system. Al discounts
the refurbishment or modification eliminated savings, then adds those
savings to the discounted total savings.

Savings-Investment Ratio. The ratio of the estimated present value
savings to present value investment cost.

* Return on Investment. The percent return on investment. The return
on investment is calculated based upon the DOD mandated ten percent, mid-
year present value formula. Al employs a trial and error approach which
drives the savings investment ratio to one. The discount factor used to
accomplish this is the return on investment value.

USING THE PROGAM

In order to illustrate the results obtained using Al, the following
example is given.1 The Rutherford B. Hayes Army Depot is seeking the least
costly method of removing paint from a component of the M355 Armament

- System. Presently, solvent is brushed onto the component and then the
paint is scraped off by hand. One proposal suggests that automatic dip
tanks be used to remove the paint. This method significantly reduces both

* labor and building maintenance costs. The economic life is eight years,
with benefits occurring in project year three. Cost data is given in

- Figure 1. The data from Figure 1 is entered into the computer as listed
(See Appendix V), with the exception of the value of existing assets
employed. Here, the building's discounted salvage value ($158,900 x .368 =

* $58,475) is subtracted from the current value of existing assets required
($240,900), resulting in a net value of $182,425. Figure 2 is the printout
produced by Al.

1 Example is from the DARCOM Pamphlet for Economic Analysis, June 1984.
Please refer to this for details.

-2-

-' - -'...,-..'.-..' .', '. '' .' .'..- .- -.'-'. "..'. .- .- ....- -.'- - . . . . ... , . . , .- . .. - . o. .. .-.. ,.



Rutherford B. Hayes Army Depot
Removal of Paint from M355 Armament System

Alternative 1: Brush and Scrape

* Operating Costs PY's 1-3 $ 908,480
(Labor, Material PY 4 1,051,560
Building Maint.,
Forklift Oper., Etc.) PY's 5-10 1,058,560

* Current Assets PY 2 $ 130,843
Required (Bldg. 1-40)

* Salvage Value None

Alternative 2: Automatic Dip Tanks

* Operating Costs PY 1 & 2 $ 908,480
(Labor, Material, PY 3-10 $ 759,660
Building Maint.,
Forklift Oper., Etc.)

* Current Assets PY 0 $ 222,400 (Bldg.)
Required (Bldg. 1-12, 18,500 (Conveyor)
Two Bays & Overhead Total PY-0 $ 240,900

* Conveyor)

* Current Assets PY 2 $ 130,843
*Replaced (Bldg. 1-40)

* New Investment PY 1 $ 126,400 (Dip Tanks)

45,500 (Drying Comp.)
58,000 (Facility Mod.)

Total PY-1 $ 229,000

PY 2 $ 87,000 (Facility Mod.)
10,000 (Training)

$ 97,000

PY 8 $ 28,000 (Tank Reline)

* Salvage Value End of PY 10 $ 14,000 (Process Equip)
$ 158,900 (Bldg. 1-12)

Figure I - Summary of Costs
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Referring to Figure 2, note that the proposed alternative (automatic
dip tanks) is the preferred one, with a savings-investment ratio equal to
3.306 and a return on investment which is highly desirable at 37.125
percent.

PBOGIAM A1BAT( AND EDLIN

' Program A1BATCH is a variant of Al which employs data files created
* using the system's line editor (EDLIN in IBM's DOS 2.0). Upon the

execution of AlBATCH, the user is prompted only for a data filename. In
order to access IBM's line editor, one must enter EDLIN (filename) after
the system prompt. If a file already exists under the specified filename,
an end of file message is listed on the monitor. If the file is new, then
a new file message is listed. When creating a new file, enter the letter i
after the EDLIN prompt. Now, begin entering the data line by line. When
data entry is complete, press the two key combination of CTRL-BREAK to exit
from the data input mode. The newly created file may be saved by entering
the letter e after the EDLIN prompt. Once the file is saved, control is
shifted to the command mode. Refer to the IBM DOS Reference Manual for

* additional information on the use of the line editor.

* AlBATCH uses sequential access files, and the only file structure
* requirement is that the data be entered sequentially and separated by

commas. A suggested format for the data file is given in Figure 3.

* When using a separate diskette to store data files, place the program
* diskette in drive B and the data diskette in drive A. Load the program

using the BASIC conmand, LOAD "B:AlBATCH". If only one drive is available,
load the program first, then replace the program diskette with the data
diskette.

SENSITIVITY ANALYSIS

" Al is ideally suited for sensitivity analysis. Select the
parameter(s) which appear to be major costs drivers. After changing the
selected parameters, re-execute the program.

* In order to examine the effects of changing a system parameter, refer
to the original data in Figure 1. Suppose that the annual building
maintenance cost is $100,000 higher than first estimated. This results in
an increase in the annual operating cost from $759,660 to $859,600. The
program is re-executed using the revised operating costs with the results
shown in Figure 4.

SUt&RY

* Al is an interactive program which prompts the user for input data.
This program is ideally suited for the analyst with limited computer

* experience. Since AlBATCH reads data directly from an existing file,
experience using such files is necessary. Either program will prove a
valuable tool for anyone actively engaged in economic analysis.
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**.**.** *** Economic Analvsis -Format A-I I *****

Froect l tle: Modification o+ the M355 Armament System
Date of Analvsis: 4 June FYXX
Present Alternative: Brush & Scrape
Proposed Alternativye: Automatic Dip Iranks
Proiect Life I I' years
Economic Life : Y ears

Pro ject Operations Differential Discount Present Value
. Year Present Proposed Cost Fac tor Diff. Cost

I 918480 9C 18481- 9 5 4 C
2 908480 908480 ,- 867

908480 759660 1 48820 788 1 1727C)
• 4 1 051560 759660 1900 2. 71 VC92 1

1058556 () 5966) 298900 6152 19488
* .1 05856C 75950 1? - 1 * /6949

:1058560 :75966f 298900 .538 16' 8C8
8 :1 0585 60 759660 29890) 489 146162
9 1C058560 759660 445 120 A1411, 1058560 759660 290900 .45 121055

Tot al. 1259430

lotal Fresent oalue f Nlew Investm-ent: 317116

Value of Existinq Assets Employed: 1.82425

Waiue of E:xistinri Assets Replaced: 113441

Discounted Terminal Value of Investment: 5152

-ot l tlew Present Value of Investment: 380948

"resent Value of Cost Savings (Operations): 125 94.

F.V. cost o± F'e.furb. or Mod. Eliminated: 0

S 'Total Present Value of Savings: 1259430

"'-1,~r- c, nvestment Ratio: 3.30

"- Return on Investment: 37. 125

*:.******* Investment - Assets Data *** *

" F'ro Iec:t Investment Discount Present
' Ze r Amo unt Factor Yal ue

?54 219=2
7() e67 84099

8 .0 .489 .1 3692

r I-r()lrt 7-1isit Asset Di-scount Present
Va l ue F act nr V.-.-, I ue

. 9.24- , 124 5

'r o i r ', RP.p1 Asset Discount Fresent
fa l4i? I -actor Val 1le

. 1',8,43 .8,* . 11 3441

r oPro ect Terrmi n a . Di scOtnt Present
f ear Val ue F actor Value

.t J L40 '1.' o568 5 152 1

Figure 2 - Printout of Results
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1. Project Name, Date of Analysis

2. Present Alternative

3. Proposed Alternative

4. Project Life, First Year of Economic Life

5. Present Operating Costs (Cl, C2 ............,CN)

6. Proposed Operating Costs (Cl, C2 ............ ()

7. Number of Years of Investment

8. Project Year of Investment, Amount of Investment (PYI, INVI, PY2,
INV2,...PYN, INVN)

9. Number of Existing Assets Employed

" 10. Project Year Employed, Net Value of Assets Employed (PY1, AEl, PY2,
AE2,...PYN, AEN). Skip if zero entered in 9.

11. Number of Existing Assets Replaced

12. Year Asset Replaced, Net Value of Asset Replaced (PYl, ARI, PY2,
AR2 ..... PYN, ARN). Skip if zero entered in 11.

13. Undiscounted Terminal Value

14. Number of Items Requiring Refurbishment/Modification

15. Project Year Refurbished/Modification Eliminated, Net Value of
Refurbishment/Modification Elimination (PY1, RM1,...PYN, RMN). Skip
if zero entered in 14.

Figure 3 - Data File Format for AIBATCH

• -',"."""",..""-..'.' ' .,,,' ',"L'.y,.' ... "'-".,-.._, . .. ,'. ", ,. " '",..]''.,.--',,"".,.'" .. ':' -'.'...--.,6-''''' -.-



********t**** Economic Analvsis - Format 0-1 ******.*******

Pr roiect Title: Modification of the 1E-55 Armament Svstem
Date of Analvsis: 4 June FYXX
Present Alternative: brush - Scrape
Froposed Alternative: Automatic Dip Tanks
Proiect Life : k') Years
Lconomic Life : 8 'Years

Proiect Operations Dif+erentiatl Discount Present Value
Y 'ear Present Proposed Cost F actor Dif+. Cost

. I 908480 90848,.. 9.5427, 90048C8 9084,C .86.3 908)E480- 859660 4832f, .788 7384'0
41 1 0)51560 859560' 191900 I 1 .L 7 .! " "
5 1)58560 85966) 19890c0. 652 1 -9687

1,-)58560 85966) ?900 -. ) 4
'7 1058560 859660 198900) .5-.8 1'7(1S. 1 058560 8.?660 Q 8' ] Z. 49 '926

1058560 859&6') 1989(0. 445 88511
I i.)5856-. 059660 19891'01 405 8u555

'T it a 1 7968'

* Tota i Present Valtie of New Investment: 317116
'770ue of Existinq Assets Employed: 18 24 2 5

aL!e o+ Exsittin Assets Replaced: 113441

S '.,a =counted Terminal Value of Investment: 5152.

lr+t:L lew Present Value of Investment: -378C948

-* TFr eent Value of Cost Savings (Opera~ktions) : 796830

(. Lost of Refurb. or Mod. Eliminated:

Total. Present Value of Savings: 796830

avLnq/ Investment Ratio: 2.('9

Return on Investment: 24. 750

********* Investment - Assets Data ******

'o I e t Investment Di scount Present
--ear Amount Factor Val ue

-9 CI 54 '2 1C Q,3f2 5
- 2 Q70,-, .867 84099

'- F~00 . 489 1- 692

F roIect E-'ist Asset Discount Present
'-,year Value F actor Value

S,, 18242 .... 182425

F'roIci- Repi rsset Discount Present
,ear Val ,.- Factor Value

1'' '083 . 8& 113441

F-'ro I ectt Termi nal Di scount Present
Y '--,r ','al LIE' F actor Value

it 1 4u' . 768 5 15 2

Figure 4 - Sensitivity Analysis
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I - Definition of Program Variables

II - Al Program Listing

III - AlBATCN Program Listing

IV - Creating a New File Using EDLIN

V - Sample Execution of Al and AlBATCI



A$ - Project Title

* D$ - Date of Analysis

PROP$ - Proposed Alternative

- Li - Number of Project Years

B - First Year of Economic Life

- 01(I) - Present Operating Cost (Year I)

. 02(I) - Proposed Operating Cost (year I)

L - Number of Years of Investment

T(I) - Project Year of Investment I

. I(I) - Investment in Year I

NA - Number of Existing Assets Employed

" YE(I) - Project Year Asset I Employed

EE(I) - Value of Asset I

NR - Number of Existing Assets Replaced

YR(I) - Project Year Asset I Replaced

CR(I) - Value of Asset I

AE - Terminal Value

NM - Number of Items Requiring Refurbishment or Modification

- R(I) - Year Item I Requires Refurbishment or Modification

C(I) - Cost of Refurbishment or Modification in Year I

TO1 - Sum of Present Operating Costs

- T02 - Sum of Proposed Operating Costs

D(I) - Differential Cost for Year I

' S - Sum of Differential Costs

DS(I) - Present Value Differential Cost for Year I

- TDS - Sum of Present Value Differential Cost

" RS(I) - Savings in Year I (ROI)

* DI(I) - Present Value Investment Cost for Year I

TDI - Sum of Present Value Differential Cost

* RD(I) - Investment in Year I (ROI)

TAE - Sum of Present Value of Existing Assets Employed

TAR - Sum of Present Value of Existing Assets Replaced

TV - Discounted Terminal Value

* TMR - Sum of Present Value of Refurbishment or Modification Eliminated
SAV - Sum of Present Value Savings (Adjusted)

INV - Sum of Present Value Investment (Adjusted)

SIR - Savings - Investment Ratio

ROI - Return on Investment
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&i..Ecuirn batchi.
New -filIe

- 1:4~~ "PTlod i f iC U 3t on of t. icrI 35 tanrit t1j:vstern'' ,'4 JuneJYA
I'lrni..t sh :Sc-rape"

f4' 8 ti c ' i : C i p) 1 . P n i'

*Y: 9'84,9!.) C~ 34C 0 uiS4S U. 1  15 6 I 'tj 5i , 0, j , 14-35 C 1. 85,)

1 i5,135&0, 1. 58956'.
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*4** Frogram Al - Economic Analysis Fackae ****

I r o i c- t i tie? lodii. f-i cati on of the [355 Armament System
* -da. - L Eate!' 4 June 'YXX
Fr ,c-en t - Ilternat i ve: T brush S-: 5crape
* opc-ed ,A1ter riat.A:,e: 7 Kuit t Dm31 i p Iranks
!lfumber ot Frojc t ::1 2 -

( r::,ect Eieair Economic: Life Betins
,tr-E resent And/Or Proposed OperatinQ ozss Constant ' or- n', n
r it e r Pr - ent. Cost I-or Fr-o J Ect Fear I

I n or r osent L:ost For Proi ect ,ear 2
4 ,

intr tresCent Cc, st For FProiect Year

E ,tr r esent L ost: For Proiect f ear 4I. I-,t: ic:6,..

Lr, r I r..esret CoDst For Pro'iect Year 5

rti:Lt- f-re-ent cost For Proj cct Year 6

L et Present Cost Fo:r Proi ect Year 7

-- eo c rn t. (ot F o r- Pro 1 cc t Year- S

-.Vter Present L)st For P roject year

it i- Iresent rCost For Proj cct Year IC

n :nter F'rposed Lost For Project Y ear I

Ent.r Proposed Lost For ProIicut. a r 2
-P--n

t I-:Proposed Cost For Proj.ect Year b

Enter Proposed Lost For Project Year 4

- Enter Proposed Cost For Project Year 5

. I nt cr Proposed Cost For F'roj ct Year" 6

Enter Proposed Cost For Pro i ect Year 7- (nter Proposed Co(st. For P:roject Year 6l

' 759-b', 0
S• Enter 1f:'rnpose~-d Co js t F or F:'r ajie(:t Ye.a r 7

Fnt er Proposed Cost. For- Proj cct Year" :' ~7 6, .>.

E" Enter I'ropo sed Cost: For Proicutc '-tear 1
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How liarv r ea a c)+It 1 -IF.st mea n t
Enter- P'roje ct Year of4 Investment &investment VaIlue 1I
Enter Proj ect. Yecar of Inv/estment Inv.estment VtLe 2
I-: Enter Froj oct 'year of In-ve(:stment Invvestment VatLIe? F32SC

c--!E i =7;< I t i n cl-4s ws e ts Em pI c eed o n t.h i a= Pr oj ect 1.v o r n
N-umber o-f Items Under Consideration?: 1

Pr 1act Y-ear- Lmpt eyed N -Iet kaiU2 of' Ex.a st inoq -ws Et s E mp1 Ieye d: 1824 2
Vhll iE. i t incj AssetEz Ee Pep 1 aced ( y or n'i)

-j I anr v It ems Wil 1 e 1 t kept1 ace-zd?.
P:roject Ye-_ar- Asset Pept aced & Net Value ofReptlaced Asset ? 2., 1 2U4
Is I rntVatlue Claimed (v or- n.:

* ermi not Vat ACI't. uc
Hlave - iei t r-bi ishmi-ent or Hodi f- i c:a'L On Lost~s Been El i i nated (v or- n )2n
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