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ABSTRACT

A project starts from idea to implementation, so it requires an in-depth study of its
feasibility. To select or determine a project feasibility, future parking is required. Data which is often
insufficient to carry out analysis requires an understanding of " uncertainty" involved in the
analysis result limits such as: NPV, IRR or BC ratio.

Several ways of analysis that show the advantages and disadvantages, but necessary
guidelines for decision makers are accepted. The accuracy of the method used really depends on the
type of project being analyzed, the objectives to be achieved and the availability of existing resources,
especially capital.
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1. Introduction
In deciding a project to be implemented is always faced with an uncertainty, therefore a
guideline is needed for decision makers to ensure that their decisions can be accounted for.
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Figure 1: Uncertainty in the Project

"analysis Cost Benefit" in a project planning uses a number of parameters and variables (for
example; financing or cost of input, implementation period, product quantity and value, rate of
discount, project useful life, etc.) and this process require information about these parameters and
forecast future conditions or forecasting future behaviors. Existing data are often insufficient and
there is also no available data base for future estimates.

Sources "uncertainly" is a lot, but to note in this regard is a combination of elements of risk or
"risk" and "uncertainly"” with an inside measurement of cost benefit analysis.

"Risk" is different from "uncertain" in the usual sense of cost benefit analysis with the
following explanation:
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RISK: is a situation where there is enough information to assess the assigned probabilities
(assignment of probabilities) to different outcomes (different outcomes), so we can calculate the
expected value of the outcomes.

UNCERTAINTY: is a situation where probabilities (although in a subjective condition) from
various outputs or outcomes are difficult to assess.

2. Analysis Method

The project analysis approach to overcome the unpredictable parameter value (Uncertain
value) in practice can be done by:
a. Rule of thumb (simple)
b. Contingency Allowance
c¢. Systematic

Situation
PROJECT ANALYSIS

| UNCERTAIN VALUES
(PROBABLE OUTCOMES)

1
RN

SINGLE VALUE

=

Deterministic Approach

Probability cannot
be predicted

Figure 2. Analysis Method

There are several simple formulas, rules of thumb, and estimation methods as follows:
a) Thumb Rules

Adding a "risk premium" to the "pure" rate of discount in the calculation of NPV, IRR, etc.
This causes the risk used to increase a "compound rate" with time and with increasing time, the
condition of an item will have greater uncertainty. Nothing can be convincing and this method casts
doubt between "uncertainty" and "under estimation" and the existence of under estimation of costs
(or ocer estimation of benefits) that occurs when designing a project.

Increase "" items COSTS and / or reduce items "BENEFITS" that make "uncertain or uncertain”
a certain number of percentages. This condition is also an ad hoc estimate with predominating
assumptions by experts over-optimistic. iii Using a project life smaller than the formal economic life
in general or a method of shortening the "pay-back" period of the appraisal, the short "pay-back"
period method of appraisal.

b) Contingency allowance.

This method is often used in project analysis, especially when calculating “capital costs”
including items that are not recognized but appear, as well as costs that are not expected to occur
during construction, which are calculated as well as costs that are not expected to occur during
construction. calculated based on previous experience. The amount of risk or contingency
allowances for this is usually in the form of a single value estimate or normally a single value (5 or
19%) estimate.

Contingency allowances may also be made separately for price increases during the construction
period.

However, this cannot be used as an "uncertainty” analysis because this calculation is intended
for a specific purpose.
¢) A systematic approach (in "uncertainty analysis").

The first step is to get a clear idea of the relative importance of the individual variables of the
costs and benefit streams. Through sensitivity analysis, this can be done systematically.

The second step is to use a "probability analysis" or "risk analysis" to determine the amount of
risk ("riskiness") of the project and then calculate the "expected value" of the NPV, IRR, etc. And also
the estimated probability of a positive or negative NPV, etc. Finally, if the estimation of the
probability output (outcomes) is not possible, it is necessary to make a decision through different
criteria with "decision theory".
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Step 1. Sensitivity analysis
Objective

Sensitivity analysis helps planners to understand the effect of various parameters (such as:
initial costs, construction period, production and maintenance costs, capacity utilization) on the
feasibility assessment of project implementation.

The principle of "sensitivity analysis" is to recognize parameters, which each change causes

additional changes in the final outcome or outcome (eg NPV, IRR, and B: C). this means ascertaining
the change in the parameter which causes the most sensitivity to the final outcome.

For example, if the initial cost is considered very sensitive to the NPV of a project, this will
cause the project designer to go back to the "investigation and formulation" phase of the project to
see if it is possible to reduce the "uncertainty elements" in the design by making changes to the
design. the. On the other hand, if "sensitivity analysis" identifies "benefit" is very sensitive to the
NPV of the project (which usually happens) the project designer will look back at the "market
analysis" stage of the project study to see if it is possible to reduce uncertainties in the estimated
"demand" of the expected product .

Sensitivity Analysis
To understand the parameter change towards project suitability.

PARAMETER
s (Cost of Inputs
s Period
e Quantity

e Product Value
o Discount Rate
s Usability life of the project

Figure 3. Sensitivity Analysis

Techniques and the percentage of "sensitivity analysis".

Change parameters (such as cost, benefit, life of project, etc., one at a time, one at a time,
while other parameters are kept constant), with a set percentage (5%, 10%, 20%, etc.) and then
calculate percentage change of the NPV, IRR and B: C ratio due to changes in these parameters. The
most sensitive parameter is the parameter that causes the largest percentage change in the taken
DCEF criteria.

Before making changes to individual parameters, it is better to convert these parameters to
their present value (present worth).

Another alternative sensitivity analysis can be done by "reducing the NPV to zero or
reducing the NPV to zero". With this method, the calculations carried out to determine the
percentage change of different variables affect and reduce the NPV to zero. Parameter that has the
smallest percentage change but causes the NPV to change to zero is the most sensitive parameter.
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An example of sensitivity analysis is given in Appendix 1.
Limitations of sensitivity analysis.
(i) This method is a partial analysis because only one parameter changes at a time. Therefore, it will
be difficult to use for the selection of a project.

Step 2. Risk Analysis

The first step is to get a clear idea of the relative importance of different parameters (eg:
cost, benefit, project life and discount rate) from the Cost Benefit Analysis. This can be
done with "Sensitivity Analysis"

The next step is to identify a range of probable values of the parameters (rather than a
single value) which can be seen from previous experience or studies. - Analyze studies and assign
probabilities to different values of parameters and calculate an "Expected Value" of the NPV,
together with calculating the "Measures of Riskiness" , such as Probability of loss, standard
deviation, etc.

The stages of a risk analysis can be described as follows:

1) Determine with sensitivity analysis the parameters that cause the
most sensitive outcomes. This limits the scope of the calculation.

2) Give a Probability distribution to a certain boundary value for each
data set (based on previous experience)

If the project planner has sufficient information based on recorded data of a probability
distribution (or relative frequency) of different values within the range taken, then these data can
be used.

In general, planners often use the "highest possible" value. lowest possible, and "most likely"
of each parameter, such as cost, benefit, age etc. In this case it is assumed that it tends to follow the
"beta distribution".

3) Give the numbering from 00 to 99 to the value of each variable
according to the assigned probability. In this case 00 to 99
represents 1 to 100.

4) Monte Carlo Simulation

a. Using the " Table Random Number", select as many groups
of 2 digits as the variable to be tested, then provide the
value of the variable for one calculation (a single trial ).

b. For this single trial, do the calculation of the outcome such
as NPV, IRR and others.

c. Repeat this process using the table random number a few
times (> 100 times), making sure the numbers selected in
the table are continuous.

d. Summarize the results in tabular form, then create a
"probability distribution diagram"

e. Draw a "histogram" probability histogram".

5) Calculate the "Expected Value" of the NPV based on the table or
histogram, also the probability of the Negative NPV and positive NPV,
variance, etc.

Calculation 5);

Expected NPV = Sxpy = 3, (NPVi+) (Pr) -3 (NPVY) (Pr)

Size Of Loss =Y (NPVy)/YPr

Variance =Y (NPV;—Enpv)2x (P;)

Std Deviation =V, (NPV; —Expv)2x (Pi)?

Calculating Riskiness
Risk can be taken as several or many aspects of the probability distribution, such as:
1. Variance (and standard" deviation)
ii. probability of negative NPV (or loss)
iii. Expected size of a negative NPV (or loss)
If the NPV distribution shows a "variance” (or standard deviation)which is greater than the

expected NPV (Expected NPV), then uncertainty of the project into very high. The probability of loss
is also high.

For a "Standardized Variate" (V / 0 = Enpv / Std-Dev)of 0.83 the probability of loss is +
20%, and if the value is low = 0.53 the probability of loss becomes 30% (the probability of loss value

20% -30% is a very high value to be able to accept risk in a project)

novateurpublication.com 31



Novateur Publication, India
A Series of Thoughts on Financial Management

Step 3 Decision Criteria (Pure Uncertainty Analysis)

a. Technique

"Decision Problem", in a situation where the decision maker cannot determine at all the
probability of various events that can affect activities, can be overcome by using a device similar to

that used on the "Game Theory"

b. matrix example

example "Pay Off" can be shaped matrix-monetary or Utility, for example:

Alternatives or Strategy or
Decisions

Change Events " or State of
Nature

beans, rice and cotton

industry Introduces industrial | Level of Demand-
products or its level, | Increasing constantly,
Different products: A, B, C | decreasing
and D

Agriculture Alternative products; corn, | Changing Events of the

rainy season, dry, slightly,

many ff.

c. Decision Criteria

To determine the choice of projects apart from the different alternatives shown in the “pay
off matrix”, the calculation is carried out using the decision criteria following:

@

(ii)

(iii)

(iv)

W)

3. Analysis Results

Maximin Criteria (Wald)
Select actions from the alternative / project that can maximize the
minimum pay-off .

Maximax Criteria (Hurwicz)

Select a project to maximize the maximum pay-off (an optimistic
approach or Gamble's strategy.

Index of Pessimism Criteria (Hurwicz)

is a combination of the two methods above, but with the "index of
pessimism, as probability used and the weighted average day pay-
off calculated

Principle of Insufficient Criteria (Bayes and La Place)
This criterion uses an equi-probability for all projects or
alternatives before calculating the weighted average of the pay-off

Maximax regred Criteria (Savage)

Choosing an alternative / project that minimizes the maximum
potential losses (opportunity cost). This means creating a matrix
with potential losses, such as a regret matrix by subtracting the
actual pay-off from the potential pay-off

3.1 Formulation of the Rules of thumb

e Adding a risk premium to the discount rate makes the discount factor become :

1/ (1 + r + p)tas a substitute for the normal discount rate of 1 / (1 + r)t, where r = rate

of discount, t = time and p = risk premium,

where the value increases monotonically with time. But in many cases the condition can

turn out to be better or worse than expected.

e Using a method of increasing the item cost and reducing item benefit, will be
difficult to replace a thorough and systematic approach in which costs disintegration
and benefits in the project appraisal, besides many types of RISK over-optimism

mouth.

e Using the project life method, this method also harms projects a lot with its
“benefits” occurring at a later stage in project life.
Therefore, the three methods above are very inaccurate (rough), so they are not
recommended for Project Analysis
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3.2 Contingency Allowance
This method is intended for a purpose, so it cannot be used
3.3 Sensitivity Analysis The

following is an example of calculations on an Irrigation for Agriculture project,
obtained results are as follows:
From Figure 4, the effect of NPV with an 8% discount rate of the irrigation
system, which varies between 19% and 29%, is very sensitive, because a change of
2.1% can make NVP = o.

i.

Example NSITIVITY ANALYS IRIGATION

~ROJECT FOR AGRICULTURE

BENEFIT & COST

Irigation system E

PRESENT VALUE

8% discount rate

(=Rp. 000.000)

1.2 Disposal system
1.3 Contingency (5% (1+2))
1.4 Dept.Charges (12%(1+2+3))

SUB-TOTAIL.

OPERATING

2.1 Salaries 530

22 Electricity -1.278

23 Repairs, ctc. 180
SUB-TOTAL -1.988

BENEFIT

SUB-TOTAL.
NPV dari Proyek

Figure 4. Examples of calculation of sensitivity analysis

Cost Change

A BT ANY A SNV NT*W haru o A TNV
“+ 10 Yo - 5955 = -471,0 -476
+ 20 Yo - 1.191,0 - 1.0GG O -953
- 10 %o 595,5 T21,0 476
- 20 Yo 1.191,0 1.316,0 D53
= 10%6x5.064 + 5% () + 12%6(Z+X) = 595,5
() ) Dus to cost chanee. direct and indirect cost

Mew MPV = Initial NPV + delta NPV Sedelta NPV = delfta NPV divided by initial NPY

% Cost change in irrigation system to make NPV =0
(100%:/4765%) x 10% = 2. 1% (only with 2.1% change can make NPV =0)

- Cost chanee is VERY SENSITIVE
Figure 5. Sensitivity of changes in costs
Through the calculation of Risk Analysis, the expected NPV value is obtained, at the worst
value = -1.884 and the best = +1.616. With the most optimistic probability of 16.67% and the most
pessimistic also 16.67%, with this value the decision maker will be able to take guidelines to ensure
the feasibility of the project is feasible or not.

Example
RISK ANALYSIS IRIGATION
PROJECT FOR AGRICULTURE
BERI
no BENEFIT 8 COST PRESENT VALUE PROBABILITY
B% discount rate DISTRIBUTION
R S - . (1ost k)=
1.1 Irigation systcm 5.064 / = HP (highest prob)=
12 Disposal systemn 1.594 ™ LP (lowest prob)=
1.3 Contingency (5% (1+2)) 332
1.4 Dept.Charges (12%(1+2+3)) a36
SUB-TOTAL 7.826
o I
21 Salaries 530
2.2 Elcetrety -1.278
23 Repairs, ete. 180
SUB-TOTAL -1.988
m . esse
SUB-TOTAL 9,939
NPV from Project _

Figure 6. Example of Calculation of Risk Analysis

novateurpublication.com

33



Novateur Publication, India
A Series of Thoughts on Financial Management

RISK ANALYSIS

PROBABILITY DISTRIBLITTON Mumbering I Q- 99

MNILAT Benefit Sewerage Drisposal Operating RN

Lp {18y 9.442 -5.646 -1.781 -1.889 o0 - 16

ML (%) 9939 -5.944 * -1.875 * -1.988 17 - 82

HP /6 10.933 -6.537 -2.062 -2.187 83 - 99

—» Calculate Expected NPW
Worst Condition NPV= 9.442-(6.537+2.602+2.187—-1.884
Best Condition NPV= 10.933-(5.657+1.781+1.889=1.606

*{add charges)

The Estimator use 3 extreme values and need several distributions for the 3 wvalues. Distribution
that usually use is “Beta Distribution™ with relative frequencies (a probability):

Most Optimistic  1,/6 (= 16.67 %)

Most Likely 4/6(—=> B66.67 %)
Most Pessimistic 106 (—» 16.67 %)
Total 1
Figure 7. Probability Risk Analysis
Example
MONTE CARLO SIMULATION
TN g | P Fee s wa pres I inpresnal € Bpresearieugs
I.m oy — 1S o o b S5.640 1. 7821 1.88%9
AT 17 — B2 = D30 = 1L.875 1. 98B
L= 8 o 23 — 99 L DS . 537 2052 2.187
Trnpwust ) | 1x 11X b I T
mRr- Rr-d I~ R~ R
e = A 53 D =3 1OD3ID kL A3 D 5 133
= =3 e = 1 e L e ) e 2 25 e e 8 33 e o
¥ =2 ~1BmTSs e ~1EHTFTS 23 ~187TS L ~18|TS - ~18]TS
e B9 -Z18&T S50 -1 ES =20 -1 988 15 -1 BHS sl -1 RS
B S Vo =S5l 13= A A Zad 1ZZS 11ZEG
Figure 8. Montecarlo Simulation
Random Numbers =RAND()
[ER ] .28 OL5E L1 Wy 2] LR ) 051 0.33 o1 085 o.14 054
aa1 053 o a3 LR O_54 L= O35 L (] 047 O.74
020 049 .18 0nEF 053 [0 ] L] 015 022 0z7r 037
[FE-rg LUE LUR= T [ Ty LUKt 053 040 LR} 0.6 o.avr 0445
LR ] L1 b 40 B0 o.a3T 025 051 0,58 080 [V Lalri]
nar 0. aras oz 030 O.Fs 041 o311 0.5 006 .85
LRI LR .71 Lk 073 0.7 .35 LR 0.7F 003 .49
.54 .20 OLEMS w21 ora 0349 o.r4 ouaz L - oz auFr
0.r2 LK LR .04 L] Q.23 0.594 075 075 005 .51
o221 012 LR ar 0.6 0340 020 (R Fg o.17 0.ro 045
058 LR T o1 0.rE 02T oz Ot 0.3 083 Ll s ]
.49 055 LR .05 0.2 .18 024 .91 005 040 Qa2
090 LU o 028 LLE: ] 015 o.F1 031 075 089 0. Fo .88
o811 LR LRis ) 0ra 0.3 LR 0.6 o.14 02T 0.25 034
[V .98 .35 .28 LK) a.di 080 .85 047 0,75 0. 78
or LUk LR 5] LLR:1 LU 043 0_BgG LU, ] 004 org a0
T 0,58 0,0 0,50 0,50 054 a.15 08 a8 o, 48 097
L £ L e ek L1 R ] autr o.ar 05l 040 0_30 [HE T Lol i)
003 0.F5 053 .49 021 O .15 037 .72 0,96 .31
o.r LUR B Lol LU 2o 042 [ L] 041 .11 0.8 0.9 o.a1
as .30 08T LR 054 028 a2 073 .41 0,64 .54
053 B3 083 LU R T 064 064 o.81 o.rs o.ra 040 a.18
[FRk] . LN B L 0.0 034 100 LR a1z 087 .42
0,98 oTr 053 023 0aS 088 055 038 o.a1 03T a4
Figure 9. Random Number
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Example
TABHIL. OUTCOME
RAMNGE NP AH
U %
1500 - 200 3 0028

OO 1 S0 L] o147

SO - 100 (3 sS
OS50 56 0513
- 50 22 0202

SN - HOMM 3 LU U]

OO 1500 3 0027

105 1

Figure 10. Outcome Table

Some examples of analysis results in the following figure show;

PROIJECT DEVELOPMENT

Alternative Change FEvents (level of demand)
level of as more
product ILess 15% forcasted 15% 20%%
A 70 170 250 270
B 150 160 200 230
&= 80 140 180 210
K2 150 120 160 160
Example

PAY-OFF MATRIX

Facility to PROFIT (Rp.000)
Construct Strong Markect Fair Markct Poor Market
ILarge size 550.000 110.000 - 310.000
Medium size 300.000 129.000 - 100.000
Small size 200.000 100.000 - 32.000
No 0 o 0

Figure 11. Pay Off Matrix

a. Maximin Criteria, the approach tends to be more defensive with the
approach pessimism

b. Maximax Criteria, itis very lucky that you will experience problems if a
very serious / urgent decision is needed.
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MAXIMAX CRITERION

Facility to PROFIT (Rp.000)

Construct Strong Market Fair Market Poor Market

Large size 110.000 - 310.000
Medium size 129.000 - 100.000
Small size 100.000 - 32.000
No 0 0

Decision maker chose “Large size” due to maximum pay-off
Decision maker is optimistic about future

If coefficient of optimism = 0.6

Facility to PROFIT (Rp.000)
Construct Strong Market  Fair Market Poor Market /
Large size 110.000 - 206.000
Medium size 129.000 ~ 140.000
Small size 100.000 1 107.200
No 0 e
maximum pay-off minimum pay-o
Facility to PROFIT (Rp.000) a= 0.4

Construct Strong Market  Fair Market Poor Market
Large size Bl 110.000
Medium size _ 129.000
Small size 100.000
N —

Figure 12. Maximum Criterion

I

LaPlace CRITERION
(equal likelihood criterion)
If 3 state of nature than each is 1/3

Facility to PROFIT (Rp.000)
Gt Strong Fair Market  Poor Market
Market
Large size  550.000(1/3) 110.000(1/3) -310.000(1/3) BEEIGEd0
Medium size 300.000(1/3) 129.000(1/3) -100.000(1/3) BRULRAAE
Small size  200.000(1/3) 100.000(1/3) -32.000(1/3) [ELEEEEN
No 0(1/3) 0(1/3) 0(1/3)

Figure 13 Laplace Criterion

nMIINMINAX REGRET CRITERIOMN

Facility tos PROFFITT (R . OO0
Cornstruact Srrong Miarcket Fair Dimrkoet Pescsr Dvilmrlot
T.argee sixe 550,000 A 1O — 31 OO0
Pellesclinarm sisoc EXe s Male sl p Bt e L ] = L OO
Srnall sime 200, RO OO OO - 32,0000
ot P o o L]
regrat (opportunity loss) table
Facility tes PROCOOEFLID (R 00O
COoOnsruct Stroengs Marke Fair Mnrcket Pexcar Pvincket
N oawgre: mise A O
MMedinarm sise L8 ] pRsle M stels]
Srnall sime ZEF OO o
I p Bt Le L ] o

Figure 14. Minimum Regret Criterion

c. Index of Pessimism Criteria,values (arrows) are not formulated and subjective

d. Principle of Insufficient Reason Criteria, there are weaknesses in probablity
which are not formulated in unclear situations.

e. Minimax Regred Citeria, there is a conservative bias, where the fact about the
pay-off that may occur losses is like the regret matrix which includes either “0” or
positive entries.
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4.Conclusion

e Uncertainty or uncertainty needs to be taken into account in analyzing a project.

e In order to be able to make a project choice, it can be done in several ways, from various
ways it turns out that none of them is the most perfect, one with the other has advantages and
disadvantages.

e The use of the most suitable method / method is very much influenced by the nature / type
of the project and the objectives to be achieved in accordance with the resources owned by the
project actors.
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