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Abstract
There are numbers of decision models available for evaluating and selecting potential projects within a corporation, from qualitative to quantitative. Each company, including Indonesian National Oil Company (NOC), should have its own version of a selection model that will allow them to make the best choices among alternatives within the usual constraints.
This paper developed a multi-attributes selection model for downstream projects within Indonesian NOC. The selection model uses single dimensional and multi-attributes value for selecting potential projects. In this paper, the Author demonstrates the development of a multi-attributes selection model using following attributes: Financial (NPV and ERR), Contribution to strategy (Strategic plan and Market Development, and Risks (Probability of Product Success and Influence of External Factors). 
After that, optimization model applied using multi-attributes value and added some specific constraints such as budget constraints, project constraints, and resources constraints.
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1. [bookmark: _Toc445558861]
Introduction
1.1 [bookmark: _Toc445558862]Downstream Oil and Gas Business in Indonesia
Two main sectors of oil and gas industry are upstream sector and downstream sector. Upstream sector identically with exploration and production activities such as searching for potential oil and natural gas reserve and production activities to bring the crude along with raw natural gas to the surface. On the other side, downstream sector refers to refining process of crude oil and natural gas as well as marketing and distribution of the products. 
The upstream projects, especially in exploration phases, categorized as high-risk projects since it has a higher probability of failure to find oil and gas reserves. But, this kind of industry (in general) offer big margin. On the other side, the downstream projects in general categorized as lower risk projects. Downstream sector deals with huge amount of money in transactions but offers a much lower margin compared to upstream sector.
Indonesia’s downstream industry has changed significantly since the implementation of Indonesia’s 2001 Oil and Gas Law. Market liberalization of downstream industry in Indonesia has changed the industry player for downstream business from dominant Indonesian National Oil Company to more competitive market with the presence of International Oil Company such as Shell and Total. 
1.2 [bookmark: _Toc445558863]Project and Portfolio Selection
There are a number of decision models available for evaluating and selecting potential projects within a corporation. All company try to develop a screening model (or set of models) that will allow them to make the best choices among alternatives within the usual constraints of time and money[footnoteRef:1].  [1:  Pinto, Jeffrey  K. (2010). Project Management: Achieving Competitive Advantage. Second Edition. Chapter 3: Project Selection and Portfolio Management] 

Project or portfolio selection activity is the periodic activity to select a project from available project proposals comes from various departments in organization by considering company budget and resources constraints. Following are some of common project selection models:
a. [bookmark: _Toc445558864]Checklist Model
Check list is the simplest form of project selection models. The application of checklist model on project selection is to help a group of decision makers to initiate a conversation, stimulate discussion and exchange opinions, and highlight priorities for the group.
b. [bookmark: _Toc445558865]Scoring Model
The expected result of a scoring model is to get a specific weighted score for each alternative. Firstly, each attributes ranked with a specific important weight and assign a score to each attribute in terms of its rating. Then, to get the weighted score for each attribute, each score multiplied by its important weight. Lastly, the weighted scores added to get an overall project score.
c. [bookmark: _Toc445558866]Analytical Hierarchy Process
The AHP model was first developed by Saaty in 1980[footnoteRef:2].  The AHP is used to support decision makers to rationally select the best alternative based on the qualitative and quantitative approach. It uses subjective and pair-wise comparisons approach. The decision goal, attributes, and sub-attributes are set in the hierarchical structure for order ranking and each alternative set for comparison in pairs.  [2:  Saaty, T.L. (2008). Decision making with the analytical hierarchy process. Int. J. Services Sciences, Vol.1, No.1] 


1.3 [bookmark: _Toc445558867]Problem Statement
This paper will focus on the development of multi-attributes selection model for downstream projects within Indonesian National Oil Company. The proposed model will:
a) Use single dimensional and multi-attributes value for selecting potential projects. 
b) After that, optimization model applied using multi-attributes value and added some specific constraints such as budget constraints, project constraints, and resources constraints.
2. [bookmark: _Toc445558868]Multi-Attributes Decision Making
Multi-attributes decision making can be classified into the compensatory method and non-compensatory method. In the compensatory methods, the decision-maker assumed to be able to explain his preferences rationally. Changes in the values of the particular attribute in the compensatory method can be traded off against opposing changes in another attribute. Unlike in the compensatory method, in the non-compensatory methods trade-offs among attributes are not permissible. Thus, comparisons of alternatives in non-compensatory method must be judged on an attribute-by-attribute basis.[footnoteRef:3] [3:  Sullivan, G. William, Wicks, Elin M & Koelling, C. Patrick. (2012). Engineering Economic 15th Edition. Chapter 14 Decision Making Considering Multi-Attributes. pp 577] 

The proposed project selection model will use multi-attributes model with a compensatory method using weighing technique. There are some weighing techniques commonly used such as additive weighing technique, Analytical Hierarchy Process, and Rank Order Centroid Weight. This project selection model will use Analytical Hierarchy Process as weighing technique because the attribute used in the model constructed into a hierarchy.  
3. [bookmark: _Toc445558869]Development of Project Selection Model
The project selection model will focus on downstream oil and gas industry in Indonesia, especially in marketing and distribution sector. Indonesian NOC business in downstream marketing and distribution sector includes petroleum product distributions (gasoline, diesel fuel, LPG, lubricants, Petrochemical, etc.) 
Project selection model developed for Indonesian NOC for downstream sector was described in the following workflow:
[image: ]
[bookmark: _Toc445558881]Figure 1 - Project Selection Model Process Flow (Adapted from: Lopez YG and Almeida AT)[footnoteRef:4] [4:  Lopes, Y.G. and Almeida, A.T. (2013). A multicriteria decision model for selecting a portfolio of oil and gas exploration projects. Pp 429] 

The first step to do in the selection model is to develop a multi-attributes decision model. The selection model uses various attributes or criteria to help decision-makers prioritize all of the project proposals. After the selection model finished prioritizing the proposals, then decision-maker must consider some restrictions related to the portfolio. Hence, the next step is to make an optimization model considering some specific constraints. The optimization model purpose is to maximize the commercial value of the portfolio considering some constraints such as mandatory projects, budget limitations, portfolio balance, etc. 
List of potential decision attributes for multi-attributes project selection model in downstream marketing and distribution sector are:
a. [bookmark: _Toc445558870]Financial Benefits
By using financial analysis as an attribute for project selection, decision-maker needs to make sure all the data derived were calculated carefully with regards to each assumption approached the real situations. Incorrect calculation of project revenue, cash outflow, and Minimum Attractive Rate of Return (MARR) used and other economic variable lead to an incorrect result of project financial benefits. If decision-maker continues with this GIGO (Garbage In, Garbage Out) principle, the organization will not get the optimum return on the project selection model.
The most important data to use to calculate financial analysis of a project is the MARR because the MARR value is used as the basis of discounted cash flow analysis. MARR, also known as Hurdle Rate, is the company’s minimum accepted rate of return before starting a project. It has taken into account all risk associated with this project (country risk and project specific risks), the other opportunities for investment, and the ability to raise money.
Following are steps to calculate appropriate MARR for Indonesian NOC which will be used in this project selection model:
i. Calculating the cost of equity financing.
In general, a company can look at the capital market to find out what kinds of return are available for different kinds of investment. This concept is known as Capital Asset Pricing Model (CAPM) developed by Harry Markowitz in 1960s. The principle of CAPM is described in formula as follows:
Rs – RF = βS (RM – RF)
Rs 	= Return on any stock
RF 	= Risk-free rate
βS 	= stock’s contribution to the riskiness of the market portfolio
RM 	= Return of the market portfolio
The best combinations of risk and return on investment in CAPM can be achieved by investing in a portfolio that mixture of stocks. An investor can always achieve the best combination of risk and return by investing in the efficient market portfolio and then borrowing or lending at the risk-free rate to achieve their personal preference for combined risk and return values[footnoteRef:5]. CAPM suggest that risk premium of any stock is proportional to its beta. [5:  Sullivan, G. William, Wicks, Elin M & Koelling, C. Patrick. (2012). Engineering Economic 15th Edition. Chapter 13 The Capital Budgeting Process. pp 549] 

Because Indonesian NOC is a non-listed company, so it is impossible to estimate stock beta (ßs). Therefore, other methods are required to estimate beta of the private company. The author has calculated the details of this calculation for Indonesian NOC. The result of the cost of equity as measured from the historical performance of CAPM is 18,42 % [footnoteRef:6]. [6:  Milza, Rico. (2015). Calculating WACC and MARR for Non Listed Company. Retrieved from https://goldenaace2015.wordpress.com/2015/12/30/w3-0_rm_calculating-wacc-and-marr-for-non-listed-company/] 

ii. Calculating Weighted Average Cost of Capital (WACC)
Weighted average cost of capital (WACC) described as the product of the fraction of total capital from each source and the cost of capital from the source, summed over all source[footnoteRef:7]. The principle of WACC is described in formula as follows: [7:  Sullivan, G. William, Wicks, Elin M & Koelling, C. Patrick. (2012). Engineering Economic 15th Edition. Chapter 13 The Capital Budgeting Process. pp 551] 

WACC = λ (1-t)ib + (1-λ)ea
λ 		= the fraction of the total capital acquired from debt;
(1-λ) 	= the fraction of the total capital acquired from equity;
T		= effective income tax rate;
ib 		= the cost of debt financing (measured from appropriate bond rates)
ea 	= the cost of equity financing (measured from historical performance of the CAPM)
The Author has calculated the details of WACC calculation for Indonesian NOC, and get the result of WACC is 13,27%[footnoteRef:8]. [8:  Milza, Rico. (2015). Calculating WACC and MARR for Non Listed Company. Retrieved from https://goldenaace2015.wordpress.com/2015/12/30/w3-0_rm_calculating-wacc-and-marr-for-non-listed-company/] 

iii. Calculating Risk Adjustment
The WACC merely establishes a floor on the MARR. In many circumstances, a higher MARR than WACC may be chosen, because of a shortage of investment funds as well as differences in risk[footnoteRef:9]. Thus, in this case, the model will consider two category of risk into MARR.  [9:  Sullivan, G. William, Wicks, Elin M & Koelling, C. Patrick. (2012). Engineering Economic 15th Edition. Chapter 13 The Capital Budgeting Process. pp 553] 

a. Country Risk
The first is a country risk and the second is a project specific risk. For country risk for Indonesia, the model use 3,3% based on Aswath Damodaran research[footnoteRef:10].  [10:  Damodaran, Aswath (2015). Country Default Spreads and Risk Premiums. Retrieved from:      http://pages.stern.nyu.edu/~adamodar/New_Home_Page/datafile/ctryprem.html ] 

b. Project Risk
There are two common methods for integrating project risk into the capital budgeting decision process, namely certainly equivalent method and risk-adjusted discount rate method[footnoteRef:11]. In the certainly equivalent method, the expected cash flows are adjusted to consider project risks. For the risky project, the cash flow then scaled down. [11:  Cengage Learning. (2010). Chapter 13: Technical Issues in Real Option Valuation. Retrieved from: http://www.swlearning.com/finance/brigham/ifm8e/web_extensions/ext13.pdf] 

The other method is the risk-adjusted discount rate method. In this method, to consider the project risk, the discount rate then changed. For average-risk projects, the cash flow is discounted at the corporate cost of capital. For above-average-risk projects, the cash flow is discounted at a rate higher than the corporate cost of capital. For below-average-risk projects, the cash flow is discounted at a rate below the corporate cost of capital. The Author used risk-adjusted discount rate method to account the project risks in MARR since this method is used by most companies.
In this paper, the Author has selected following economic indicators as sub-attribute for financial benefits attributes in proposed project selection model. Based on literature research, three common economic indicators are NPV, Rate of Return, and Payback Period.
i. Net Present Value (NPV)
The highest NPV value of a project, the better the project is. By using NPV as an attribute, the selection model will consider a project with higher NPV to be chosen in the model.
ii. Rate of Return
The rate of return is the gain or loss on an investment over a specified period, expressed as a percentage increase over the initial investment cost[footnoteRef:12]. The most widely used rate of return indicator is Internal Rate of Return (IRR). IRR is the interest rates that equate the equivalent worth of project cash inflows to the equivalent worth of cash outflows.  [12:     Investopedia. (2016, Jan 29). Definition of 'Rate of Return'. Retrieved from: http://www.investopedia.com/terms/r/rateofreturn.asp] 

There is another rate of return which is rarely used in economic analysis, namely External Rate of Return (ERR). In ERR method, the interest rate (є) external to a project added at which net cash flows required by the project over its life can be reinvested or borrowed. The reinvestment assumption of IRR method may not be valid in an engineering economic study. For instance, if a company’s MARR is 18% per year and the IRR for a specific project is 40%, the company it may not be possible to reinvest net cash revenue from the project at much more than 18%.  This situation, coupled with the computational demands and possible multiple interest rates associated with the IRR method, has given to ERR remedy some of these weaknesses[footnoteRef:13]. Hence, the proposed project selection model will use ERR as decision attribute. [13:  Sullivan, G. William, Wicks, Elin M & Koelling, C. Patrick. (2012). Engineering Economic 15th Edition. Chapter 5 Evaluating a Single Project. pp 227] 

b. [bookmark: _Toc445558871]Contribution to Strategy
The second attribute used in project selection model is the contribution to strategy. This attribute is categorized as qualitative analysis. There are two sub-attributes used in the selection model, as follows:
i. Market Development
Market development described as identification and development of new market segments for existing products. To help decision makers construct the priority list in this sub-attributes, the model uses the three categories of project contribution to market development as follows:
· Replacement
· Upgrading
· New Product/ Plant
ii. Alignment with Strategic Plan
Alignment with company strategic plan is one factor among others in effective portfolio management. Hence, the model should include these sub-attributes in selection model. To help decision makers’ construct the priority list in this sub-attributes, the model uses the two category of project alignment with strategic plan as follows:
· Not align with strategic plan
· Alignment with one or more strategic plans
c. [bookmark: _Toc445558872]Risk
The third attribute used in project selection model is the risk. There are three sub-attributes used in the selection model, as follows:
i. Maximizing probability of product success
There are much different between the success of a project and success of a product produced by the project. There are some scenarios related to project and product success described in the following figure:
[image: ]
[bookmark: _Toc445558882]Figure 2 - Project and Product of The Project Differentiations (Source: Planning Planet)[footnoteRef:14] [14:  Planning Planet. (2016). Guild of Project Controls Body of Knowledge. Module 02-6 - Identifying And Engaging Stakeholders. Retrieved from http://www.planningplanet.com/guild/GPCBOK] 

As an owner perspective, the model should use the product success as an attribute. To help decision makers’ construct the priority in this sub-attributes, the model uses the following categories:
· Low 
· Moderate
· High
The decision maker will use the logical approach to each project’s position among product life cycle. The maintenance / replacement project has the highest probability of commercial success since the project is needed to maintain the existing condition. In contrary, projects for creating new products have the lowest probability commercial success. 
ii. Influences of external factor 
These qualitative attributes describe the impact of external factors such as political, social, and environment factors for the projects. This sub-attribute relies on the experience of decision-makers to score each project uses the following categories:
· Very Poor
· Poor
· Fair
· Good
· Very Good

The project selection model then structured into hierarchy as the following figures:
[image: ]
[bookmark: _Toc445558883]Figure 3 - Selection Model Hierarchy (Source: Author)[footnoteRef:15] [15:  By Author] 

4. [bookmark: _Toc445558873]Application
Pertamina is Indonesian NOC whose 100% shares owned by the Government of Indonesia. Pertamina is one of Fortune Global 500 Company, as an integrated company in following sectors: Upstream, Processing, Shipping/Piping, Terminal/Storage, Distribution and Trading[footnoteRef:16]. Specifically, the proposed decision model will focus on the Project Management Division of Pertamina which manages distribution facilities project and portfolio in Marketing Directorate.  [16:  PT Pertamina (Persero) Company Profile. (2016). Retrieved from http://www.pertamina.com/en/company-profile/] 

The proposed decision model helps decision maker to select distribution facilities projects which give maximum return to the company. Due to issues of confidentiality, all values have been factored in the application of the models, however, the ratios and the model itself remains valid based on the particular context of Pertamina decision making. As mentioned in the previous section, there are lists of potential qualitative and quantitative attributes in decision making for maximizing commercial value for company: 
5.1 [bookmark: _Toc445558874]Decision Attributes
This decision model will use the following attributes and structured based on its hierarchy:
a. Attributes for maximizing financial benefits:
i. The Project’s Net Present Value (NPV) in Million USD. The higher NPV value of a project, the better the project is.
ii. The Project’s External Rate of Return (ERR) in Percentage. The higher ERR value of a project, the better the project is. ERR value should greater than MARR (risk adjusted).
b. Attributes for maximizing contribution to strategy:
i. The Project’s alignment with Strategic Plan (STRAT)
· Not align with the strategic plan, get no score.
· Alignment with one or more strategic plan, gets scores.
ii. The Project’s contributions to Market Development (MARKET)
Project contribution to market development categorized into three categories:
· Replacement projects get the lowest score since it will not create the new customer.
· Upgrading projects get average score since it relatively creates the new customer.
· New Product/ Plant projects get the highest score since it definitely creates the new customer.
c. Attributes for minimizing project risks:
i. The Probability of Product Success created by the Project (PROB). Each project scored from 1 to 3 (Low, Moderate, High) based on expert opinion.
ii. The influences of External Factors on the Projects (EXT). Each project scored 1 to 5 (Very Poor, Poor, Fair, Good, Very Good) based on experts opinion.
5.2 [bookmark: _Toc445558875]Developing Dimensionless Value
Alter defining attributes for decision model, the set of proposed projects were listed and a matrix for evaluating attributes was established as follows:
[image: ]
[bookmark: _Toc445558884]Table 1 Potential Projects Information (Source: Author)[footnoteRef:17] [17:  By Author] 

The principle of compensatory models is that the values for all attributes must be converted to a common measurement scale.  The popular way to get common measurement scale is by using non-dimensional values with a common range, this decision model will use range 0 to 1. 
When large numerical values considered undesirable, the procedure for converting particular attribute to its dimensionless value rating is[footnoteRef:18]: [18:  Sullivan, G. William, Wicks, Elin M & Koelling, C. Patrick. (2012). Engineering Economic 15th Edition. Chapter 14 Decision Making Considering Multiattributes. pp 583] 

Rating =  
When large numerical values considered desirable, the procedure for converting particular attribute to its dimensionless value rating is:
Rating =  
By implementing rating procedures for each attribute, then the dimensionless value for each attributes described in the following table:
[image: ]
[bookmark: _Toc445558885]Table 2 Dimensionless Value for Attributes
The dimensionless value for attributes in above table then applied for each potential project, as follows:
[image: ]
[bookmark: _Toc445558886]Table 3 Dimensionless Attributes Value for Each Project
5.3 [bookmark: _Toc445558876]Application of AHP for Weighting Technique
As mentioned above, the main purpose of the decision model is to get the maximum commercial value to the company. The decision model has main attributes and sub-attributes, hence structuring the attributes into hierarchy are the more appropriate approach in this model. Besides that, each attribute has a different level of importance based on decision maker point of view.
The AHP is a process for making a decision in an organized way to generate priorities. To make the comparison it is required a scale of number that indicates how many times more important or dominant one element is over another element which respect to the criterion with respect to which they are compared[footnoteRef:19]. [19:  Saaty, T.L. (2008). Decision making with the analytical hierarchy process. Int. J. Services Sciences, Vol.1, No.1 Retrieved from: http://www.scribd.com/doc/274045611/saaty-2008] 

[image: ]
[bookmark: _Toc445558887]Table 4 The fundamental scale of absolute numbers (source: T. L. Saaty, 2008)[footnoteRef:20] [20:  Saaty, T.L. (2008). Decision making with the analytical hierarchy process. Int. J. Services Sciences, Vol.1, No.1 Retrieved from: http://www.scribd.com/doc/274045611/saaty-2008] 



The following table is a pairwise comparison matrix for main attributes:
[image: ]
[bookmark: _Toc445558888]Table 5 Pairwise Comparison Matrix for Main Attributes (source: Author[footnoteRef:21]) [21:  By Author] 

[image: ]
[bookmark: _Toc445558889]Figure 4 Matrix Algebra for Main Attributes Ranking
The following tables are the pairwise comparison matrix for sub-attributes:
Financial Benefits:
[image: ]
[bookmark: _Toc445558890]Table 6 Pairwise Comparison Matrix for Financial Benefits Sub-Attributes (source: Author[footnoteRef:22]) [22:  By Author] 

[image: ]
[bookmark: _Toc445558891]Figure 5 Matrix Algebra for Financial Benefits Attributes Ranking



Contribution to Strategy:
[image: ]
[bookmark: _Toc445558892]Table 7 Pairwise Comparison Matrix for Contribution for Strategy Sub-Attributes (source: Author[footnoteRef:23]) [23:  By Author] 

[image: ]
[bookmark: _Toc445558893]Figure 6 Matrix Algebra for Contribution for Strategy Attributes Ranking

Manage Risk:
[image: ]
[bookmark: _Toc445558894]Table 8 Pairwise Comparison Matrix for Manage Risks Sub-Attributes (source: Author[footnoteRef:24]) [24:  By Author] 

[image: ]
[bookmark: _Toc445558895]Figure 7. Matrix Algebra for Manage Risks Attributes Ranking

As the results of AHP process, the attributes and sub-attributes weighted for decision model calculated as follows:
[image: ]
[bookmark: _Toc445558896]Table 9 AHP Results for Attributes Weight

Then, multi-attributes value of each potential project in the model (Vp) are generated as follows: 
[image: ]
[bookmark: _Toc445558897]Table 10 Multi-Attributes Value (Vp) for Each Potential Project
5.4 [bookmark: _Toc445558877]Portfolio Optimization Using Simple Linear Programming
Linear programming is a mathematical procedure for maximizing or minimizing a linear objective function, subject to one or more linear constraints[footnoteRef:25]. The first step in linear programming is set up the objective function for a mathematical model of the problem. In this case, the objective function for portfolio optimization is to achieve a maximum net present value of combined projects. [25:  Sullivan, G. William, Wicks, Elin M & Koelling, C. Patrick. (2012). Engineering Economic 15th Edition. Chapter 13 The Capital Budgeting Process. pp 565] 

[image: ]
[bookmark: _Toc445558898]Table 11 Problem Definition of Linear Programming (source: Author[footnoteRef:26]) [26:  By Author] 


Objective Function 		

 Where,
Bj* 	= Net PV of investment opportunity (project) j during the planning period being considered
Xj 	= fraction of project j that is implemented during the planning period. (in this case, Xj will be either 0 or 1)
m 	= number of mutually exclusive combinations of projects under consideration.
Constraints,
· Total Investment cannot exceed US$ 450 Millions

For Ij = total Investment for project j
· Investment for Year 1 cannot exceed US$ 350 Millions

for Ckj = capital investment required for project j in time period k = 1.
· Mutually Exclusive Projects
P8 + P9 ≤ 1
· Project Dependent on Acceptance of Other Project
P3 ≤ P12
· At least 1 Project for each Region



For Jw = project in West Region
For Jc = project in Central Region
For Je = project in East Region
· No partial project allowed : Xj = 0 or 1
Linear programming software has finished some iteration in order to achieve maximum value of NPV under some constraints. In this case, we use Microsoft Excel to solve the problem with Solver Add-In, the results as following:
[image: ]
[bookmark: _Toc445558899]Table 12 Project Optimization Results
[image: ]
[bookmark: _Toc445558900]Table 13 Project Selection Results
5. [bookmark: _Toc445558878]Conclusions
The main purpose of this paper is to develop multi-attributes selection model for downstream projects in and apply the model to a real case within Indonesian National Oil Company. 
Answer to Research Question #1
The proposed paper used single dimensional and multi-attributes value for selecting potential projects. The model used following attributes and weighted using AHP method based on decision maker justification as follows:
[image: ]
Table 14 Project Selection Attributes

Answer to Research Question #2
An optimization model has carried out using multi-attributes value and added some specific constraints. Using real case project example, the optimization has carried out the optimum net present value generated by combinations of selected project.
[bookmark: _Toc445558879]
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plans

1,00

1. Very Poor 0,00

2. Poor 0,25

3. Fair 0,50

4. Good 0,75

5. Very Good 1,00

Dimensionless Value

ERR (Outcome 

Dimensionless - 

Worst Outcome) / 

(Best Outcome - 

Worst Outcome)

(ERR - 17,23) / (24,55-

17,23)

PROB (Relative Rank - 1)/2

MARKET (Relative Rank - 1)/2

STRAT (Relative Rank - 1)/1

EXT



(Relative Rank - 1)/4

NPV (Outcome 

Dimensionless - 

Worst Outcome) / 

(Best Outcome - 

Worst Outcome)

(NPV - 0,17) / (157-

0,17)

Attributes Value Rating Rating Procedure


image6.emf
Project NPV ERR Constribution To 

Strategic Plan

Market 

Development

Probability of 

Product Success

Influence 

of External 

Factor

Project 1 0,12 0,76 1,00 0,50 1,00 1,00

Project 2 0,00 0,13 0,00 0,50 0,50 0,33

Project 3 0,00 0,10 1,00 0,50 0,50 0,00

Project 4 0,35 0,13 1,00 0,00 0,50 0,67

Project 5 0,37 0,80 1,00 0,00 0,50 0,33

Project 6 0,07 0,19 1,00 0,50 0,50 0,33

Project 7 0,04 0,23 1,00 0,50 0,00 0,67

Project 8 0,04 0,22 0,00 1,00 0,50 0,33

Project 9 0,11 0,01 1,00 0,50 0,50 0,33

Project 10 0,03 0,00 1,00 0,50 0,00 0,00

Project 11 1,00 1,00 1,00 0,50 0,50 0,67

Project 12 0,40 0,82 1,00 0,00 0,50 0,67

Project 13 0,03 0,00 1,00 0,50 1,00 0,67
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Intensity  of

Importance 

Definition Explanation 

1 Equal importance Two activities contribute equally to the objective

2 Weak or slight 

3 Moderate importance  Experience and judgment slightly favor one activity over another

4 Moderate plus 

5 Strong importance  Experience and judgment slightly favor one activity over another

6 Strong plus 

7 Very strong or demonstrated importance An activity is favor very strong over another; its dominance demonstrated in practice 

8 Very, very strong 

9 Extreme importance The evidence favoring one activity over another is the highest possible order of 

affirmation  
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Commercial Value Financial Benefits Contribution to Strategy Manage Risk

Financial Benefits 1 3 3

Contribution to Strategy 1/3 1 1

Manage Risk 1/3 1 1
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1,0        3,0             3,0            

0,3        1,0             1,0            

0,3        1,0             1,0            

1,0        3,0             3,0            

0,3        1,0             1,0            

0,3        1,0             1,0            

Matrix Result Matrix Rank

3 9 9 21,0                                 0,6

1 3 3 7,0                                   0,2

1 3 3 7,0                                   0,2

35,0                                
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Financial Benefits NPV ERR

NPV 1 3

ERR 1/3 1
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1,0        3,0            

0,3        1,0            

1,0        3,0            

0,3        1,0            

Matrix Result Matrix Rank

2,0        6,0             8,0                     0,75

0,7        2,0             2,7                     0,25

10,7                  
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Contribution to Strategy Strategic Plan Market Dev

Strategic Plan 1 1

Market Dev 1 1
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1,0        1,0            

1,0        1,0            

1,0        1,0            

1,0        1,0            

Matrix Result Matrix Rank

2,0        2,0             4,0                     0,5

2,0        2,0             4,0                     0,5

8,0                    
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Manage Risk Prob. Product Success Ext Factors

Prob. Product Success 1 3

Ext Factors 1/3 1
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1,0        3,0            

0,3        1,0            

1,0        3,0            

0,3        1,0            

Matrix Result Matrix Rank

2,0        6,0             8,0                     0,75

0,7        2,0             2,7                     0,25

10,7                  
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Commercial Value Weight Normalize Weight

Financial Benefits 0,60

NPV 0,75 0,45

ERR 0,25 0,15

Contribution to Strategy 0,20

Strategic Plan 0,50 0,10

Market Dev 0,50 0,10

Manage Risk 0,20

Prob. Product Success 0,75 0,15

Ext Factors 0,25 0,05

1,00 Total
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NPV ERR Probability of 

Product Success

Market 

Development

Constribution To 

Strategic Plan

Influence 

of External 

Factor

Project 1 0,05 0,11 0,15 0,05 0,10 0,05 0,52

Project 2 0,00 0,02 0,08 0,05 0,00 0,02 0,16

Project 3 0,00 0,02 0,08 0,05 0,10 0,00 0,24

Project 4 0,16 0,02 0,08 0,00 0,10 0,03 0,39

Project 5 0,17 0,12 0,08 0,00 0,10 0,02 0,48

Project 6 0,03 0,03 0,08 0,05 0,10 0,02 0,30

Project 7 0,02 0,04 0,00 0,05 0,10 0,03 0,23

Project 8 0,02 0,03 0,08 0,10 0,00 0,02 0,24

Project 9 0,05 0,00 0,08 0,05 0,10 0,02 0,29

Project 10 0,01 0,00 0,00 0,05 0,10 0,00 0,16

Project 11 0,45 0,15 0,08 0,05 0,10 0,03 0,86

Project 12 0,18 0,12 0,08 0,00 0,10 0,03 0,51

Project 13 0,02 0,00 0,15 0,05 0,10 0,03 0,35

(AHP Weight x Criteria Weight) Project Multi 

Attribute 

Value (Vp)
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Total Year 1 Year 2

Project 1 0,52 Central 18,52 11,00 11,00 0,00

Project 2 0,16 Central 0,91 23,30 23,30 0,00

Project 3 0,24 East 0,17 11,44 11,44 0,00

Project 4 0,39 Central 54,87 40,00 25 15,00

Project 5 0,48 Central 58,30 91,90 60 31,90

Project 6 0,30 Central 10,49 27,83 27,83 0,00

Project 7 0,23 East 5,80 8,19 8,19 0,00

Project 8 0,24 Central 6,27 15,64 15,64 0,00

Project 9 0,29 West 16,77 21,92 15 6,92

Project 10 0,16 Central 5,00 35,40 22 13,40

Project 11 0,86 Central 157,00 185,00 95 90,00

Project 12 0,51 Central 63,24 18,50 18,50 0,00

Project 13 0,35 West 5,40 103,76 60 43,76

TOTAL 402,74 593,88 392,90 200,98

Project Multi Attribute 

Value (Vp)

Location NPV (M USD) Investment (M USD)
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Project 1 1 18,52 11 11 0

Project 2 0 0 0 0 0

Project 3 0 0 0 0 0

Project 4 1 54,87 40 25 15

Project 5 1 58,3 91,9 60 31,9

Project 6 1 10,49 27,83 27,83 0

Project 7 1 5,8 8,19 8,19 0

Project 8 0 0 0 0 0

Project 9 1 16,77 21,92 15 6,92

Project 10 1 5 35,4 22 13,4

Project 11 1 157 185 95 90

Project 12 1 63,24 18,5 18,5 0

Project 13 0 0 0 0 0

TOTAL 9,00 389,99 439,74 282,52 157,22

Year 2 

Investment

Project Project Selected PW 

Selection

Total 

Investment

Year 1 

Investment
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 Selected Project   Multi Attribute 

Value (Vp) 

Project 11 0,86

Project 1 0,52

Project 12 0,51

Project 5 0,48

Project 4 0,39

Project 6 0,30

Project 9 0,29

Project 7 0,23

Project 10 0,16
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Weight

Attributes 1 Financial Benefits

Sub-Attributes 1.1 NPV 0,45

Sub-Attributes 1.2 ERR 0,15

Attributes 2 Contribution to Strategy

Sub-Attributes 2.1 Strategic Plan 0,10

Sub-Attributes 2.2 Market Dev 0,10

Attributes 3 Manage Risk

Sub-Attributes 3.1 Prob. Product Success 0,15

Sub-Attributes 3.2 Ext Factors 0,05

Attributes
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Optimization Model

NO

YES

Selecting Downstream Investment Project  

Multi Attributes

Model

Construct Objective Function From the 

Result of Multi Attributes Model

Recommended what set of projectsto 

select

Satisfactory 

Solution?

Identify and Model System Constraints

Maximizing

Commercial 

Value

Constraints:

-Mandatory 

Projects

-Budget 

Constraints

-Portfolio 

Balance 


