ISSN  1738-480X (Print)

ISSN 2288-3592 (Online)

Journal of the Korea Society of Systems Engineering
vol.9, No.2: 1p~6p, December 2013

Al AlxILIofEoff 7]kt
A Al d=7F HotdE o

Z| A 2" Bui, Hoang Ha, =&

a5 e = A AR sl o) ot

1t

Study on Prioritizing the countries for BOT nuclear power

project using Analytic Hierarchy Process
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Abstract : Developing Build—Own (or Operate) —Transfer (BOT) nuclear power project carrying large capital
in the long term requires initially well-made multi—decision which it prevents sorts of risks from unexpected
situation of target countries. In order to analyze the feasibility of project country, the Analytic Hierarchy
Process is adopted. Firstly, the factors influencing the success of BOT nuclear power project in overseas
countries were investigated through the literature survey for the country risk and were evaluated by expert
interview for estimating comparative weight through pairwise comparison between such factors. Finally, it is
developed comparative database of alternate countries with respect to each factor. This analytic method
enables the developer to select and focus on the country which has preferable circumstance so that it
enhances the efficiency of the project promotion. Also, it enables the developer to quantify the qualitative

factors so that it diversifies the project success strategy and policy for the target country.
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1. Introduction

Developing Build—Own (or Operate) —Transfer
BOD)

synthetic and

nuclear power project, which 1Iis

complex industry, requires
system engineering skill(e.g. Risk Cube Model,
Analytic Hierarchy Process, etc.) for managing
interrelated toward

efficiently components

some common objective.[1] Especially, in
promoting overseas nuclear power project,
initial well-made decision prevents sorts of
risks from unexpected situation of targeted
countries. Since the nuclear power project in
most case 1is practically implemented by
Government to Government cooperation, so
the key concern for efficient systematical
management would be focused on the country
environment at planning stage. Therefore,
prioritizing and evaluating the feasibility of
country for identification of optimal project
region is very meaningful activity.

This study proposes factors influencing the
success of BOT nuclear power projects and
their weighting method
Hierarchy Process(AHP) to find the optimal

using  Analytic

country which developer intends to develop.

2. Need analysis

2.1 Feature of BOT nuclear power project

BOT is a business type that private or
public sectors finance, design, construct, and
operate power plant during the concession
contract. During the contract period, developer
and its investor recover its investment,
operating and maintenance expenses in the
project implemented a particular form of

project financing. The operating period of a
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project is very long, and associated with a
number of stakeholders of the project country.
Therefore, BOT project faces various risks
from unfamiliar environment of project country
and has requirement of integrating opinions

from various stakeholder.

2.2 Risk Identification and allocation

In order to analyze the feasibility of project
country, it is necessary to find the efficient
methodology  to  investigate the  risks
influencing the BOT project success. The risk
type was classified by three division: (a)
General Business Aspect, (b) BOT Business
Aspect, (c) Nuclear Power Project Aspect and
these risks are selected by risk cube model as

the below figure 1.

What is the likelihood the risk will h:
Level  Likelihood

Your approach and processes

ot likely Blackout, Insolvency, Moral hazard ..

Lowlikelihood ~ Lack of skilled workforce and personnel ?

Likelihood

Likety Public Acceptance
Waste management Risk. ...

Highly likely Inadequate accessto the project
location...

Near certainty  Property right and Intellectual property
protection ... Cnnﬂ'qucnccx

Given the risk is realized, what would be the magnitude of the impact?

Level General Business Risk BOT Project Risk Nuclear Power Project Risk
Time difference . Moral hazard Mo uranium reserves
Complexity of Tax structure... Localpublic partner absence. Lack of Huclear power Technique ...
Crime and violence Imegular payments and bribes ...  Unfavorable position to Nuclear. .

Inadequate accessto the project  Lack of skilled workforce and Tariff change risk
location, Insolvency ... personnal.... Fall of demand, Blackout....

Consequences
~ P S

w

Low Developed Electricity trade market
Waste management Risk.

Property right and Intellectual
propenty prctection ....

Inability of debt service
Public Acceptance...

[Figure 1] Risk selection by risk cube model

The figure shows risk mapping matrix
where the vertical axis indicates increasing
probability of occurrence of the identified risk
item and the horizontal axis the increasing
consequence of the risk actually occurring.

The risks selected by risk cube model were

categorized by their similarity as the following:
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Risks Arrangement Subset Factors

Relations

Property right and

Intellectual property

protection

Irregular  payments and

bribes

Crnme and violence Institution

Poor legislation |:>

Prejudiced and unfair

process of awarding the

project

Unfavorable changes of

project country's policy

Inadequate access to the

project location

Risks due to work in I_> Infrastrucrure

congested areas and

overcrowding

Public Acceptance

Project-country’s

interference  in  choosing ,—> Permit & Approval

subcontractors

Lack of political support by

the government

Lack of skilled workforce

and personnel :>

Language barrier for the
contract

[Figure 2] General Business Risks in overseas country

Unfavorable economy in the
project country

Interest rate risk

Fluctuation of the inflation
rate{long-term)

Financing risk

Inability of debt service
Complex financial structure
of BOT projects

Large Investment risk

Lack of creditworthiness

Currency risk
Transfer and Convertibility
Risk

—

=

—

Education Level

Macroeconomic

Financial Market
Development

Foreign Cwrrency
Regulation

[Figure 3] BOT Business Risks in overseas country

Competition risk
Low Developed Electricity
trade market

Tanff change risk
Power sales risk

Fall of demand

Waste management Risk
Lack experience of Nuclear
Business of project country
Lack of Nuclear Power
development support policy
Lack of Endeavour to Public
communication

Unclear Nuclear Power
Development Plan

[Figure 4] Nuclear Power Project Risks in overseas country

=
—

Developer Business
Experience
(In project country)

Stable off-taker

Nuclear Power Policy
and Strategy

The selected risks were connected to

representative  factor. Total 10 factors
influencing the success of project development

were used in analysis.

3. System architecting

3.1 Analytic Hierarchy Process

It is used the Analytic Hierarchy Process
for solving multiple criteria decision making
problems. AHP is a multiple criteria
decision—making method that helps the
decision—maker facing a complex problem with
multiple conflicting and subjective criteria. It
was originally developed by Prof. Thomas L.
Saaty (1977). It simplifies preference ratings
among factors (decision criteria) using
pairwise comparisons, derives priorities among
criteria & alternatives and provides measures

of judgment consistency [2].

3.2 Application of factors and alternatives

The factors were considered whether it has
availability before preliminary feasibility study
of project for minimizing sunk cost,
quantitative and practical criteria for evaluating
the alternatives, additionally, whether it
enables developer to do prompt evaluation for
country and periodically update data provided
by authoritative literature or not. Each factor
shall be mutually independent for alternatives
evaluation. For selecting alternatives, several
potential countries which BOT project is
currently promoted were considered. Analytic
composed of these

hierarchy  structure

elements is as the figure 5.
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Selection of Exportable Nuclear Power Country |

_— Permits Education Macro- Financial Foreign Business Stable Nuclear Power
Factors Institutions | | Infrastructure . . :
& Approval Level economic Market Currency Experience Off-taker || Policy&Strategy
Altemative Finland ‘Arab Emirates, Turkey :South Africa; Vietnam

[Figure 5] The Analytic Hierarchical Structure for evaluating exportable nuclear power region

4. Decision Analysis and Support

4.1 Research Methodology

Pairwise comparisons by expert—oriented
survey are made with the grades ranging from
1-9 to determine the relative weights of
factors as the Figure 6 below(A basic, but

very reasonable, assumption: If attribute A is

The 40 nuclear experienced working level
employee (average 5.4 vyears) from various
countries participated in the interview,
however, Only 20 consistent responses among
them were reflected to survey results with

average consistency ratio 0.0875.

<Table 1> Status of Interviewee and Consistency Index

absolutely more important than attribute B and No | Country Organization Yr CR
is rated at 9, then B must be absolutely less A | Vietnam |Nation Research 4 10.0501
Institute of ME
important than A and is valued at 1/9). Also, it B | Malaysia | AELB 3 10.0997
is calculated Consistency Ratio (CR) to C |Malaysia | Research Co. 1 10.0817
measure how consistent the judgments have D | Turkey 5;?\1; bul Technical 1 10.0663
been relative to large samples of purel ici 1
g p P Yy E | Kenya géencltr;gty Utility 1 10.0951
random judgments.(if CR>0.1, untrustworthy) pany
F | UAE |ENEC 1 |0.0949
G | Kenya |Radiation Board 10 | 0.0943
Chsticaton Dot o0 SO paucaion G000 TR (B pgeince gl e H | Vietnam | Electricity of Vietnam| 10 | 0.0915
T I | Korea |KEPCO 5 |0.0827
Consistency Index Consistency Ratio (0.K < 0.1) ] Korea KEPCO 3 0.0907
[ Pairwise Comparison Matrix K Korea KEPCO E&C 10 00936
Mo |Tstudons D POMWE pu o Macro Finncal Foreign poo, o Stable  Nudear
— : structure  Approval economic  Market  Currency Off-taker  Policy L Korea KHNP 9 00910
Infrastructure | #DIVAO! 1 M Korea KEPCO E&C 6 00795
Pel‘mil&Ap‘pmml iDI\iO‘ ?j*DIVO’ ‘L ' N KOI‘ea KHNP 4 00995
Education #DIV/! #DIV/0!  #DIV/0! 1
Macroeconomic | #DIVAOI  #DIVI0l  #DIVO!  #DIVOI 1 (0] Korea KHNP 10 0.0818
Finnllltinl)larket iDI\iO‘ ?j*DIVO’ ﬂDI\JiO‘ ﬂDI\i‘(!‘ y‘vDI\iD‘ ‘1' P Korea Samsung C&T 6 0,0825
Foreign Currency | #DIV/0! #IVO!  #DIVO!  #DIVO!  #DIVI0!  #DIVI0! 1
Experience | #DIV/0l  #DIVO! #DIVO! #DIVOI #DIV0! #DIVO! #DIVO! 1 Q Korea KEPCO KPS 5 0.0993
Off-taker #DIV/0! #IVO! #DIVO!  #DIVO!  #DIVO!  #DIV/0!  #DIV/O!  #DIV/Q! 1
Nuclear Policy #DIV/0! #IVO! #DIVO!  #DIVO!  #DIVO!  #DIV/0!  #DIVO!  #DIV/0!  #DIV/! 1 R Korea KNF 8 00997
S | Korea |KNF 5 10.0845
[Figure 6] AHP excel tool for determining the relative weights T | Korea |Samsung C&T 6 0.0919
Average 5.4 10.0875
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Sorts of country report and academic

database and statistical yearbooks were
reviewed for developing comparative database
of alternate countries with respect to each
factor. [3]

In institution, infrastructure, education level,
macroeconomic and financial market development
factors for evaluation of each country, it is
referred to the scale of Global Competitiveness
Index, the scale from 1 to 7 is modified and
compared to 1 to 9 (AHP scale) by the
method of linear interpolation. In the other
hand, country evaluation for permit & approval
factor is referred to ease of doing business
index by IFC and foreign currency regulation
factor was done by global portal credit of
Standard & Poor's.

According to the TAEA report preference,
Business Experience factors in evaluation of
each country is estimated by the similarity
BOT nuclear

factor is

of overseas
project. Off—taker
likelihood  of

degree power
related with
long—term Power Purchase
Agreement (PPA) execution in project country.
Nuclear Power Policy & Strategy is related
with development plan, operating project,

public communication program, radioactive
waste management and repository by project

country.

4.2 Integration and Evaluation

Also, it is required of distributing the
adequate weight of each factor in the whole
and developing comparative database of
countries with respect to each factor to
eventually enable developer to make integrated

decision.

A ABAXLOY HEX]| MoH 2. 2013.

As to the respondent’ s view, the first rank
was nuclear policy and strategy factor with
0.1523 weight, the

infrastructure factor with 0.1285 weight and

following rank was
third rank was financial market factor with
0.1206, least important factor was permit &
approval with 0.0623 and this figure is less than
the first rank figure by half as the figure 7.

Classfeation Tncttutons Infastructire m’: Education «mﬂu 'm :‘:':::y Experience 0::"":! Nuclear Poicy
Wesghting 0.0969 0.1285 00613 00837 01108 01206 00764 0.0989 00786 0158
01600
01400
01200
01000
0080
00630
0040
000
0000
ttitons efratrcture Pcm& Guaton  Mio  Foachl  fore  Cenence sm\: Huclear Polly

eonomc Market  Curency

[Figure 7] Factor Weight and Priority

Developing comparative database of
alternate countries with respect to each factor
i1s as figure 8. The name of country is
anonymous in this step. Consequently, Country
D has priority of institution, education level,
foreign currency, nuclear policy and strategy
factor. Also, Country E has priority of
infrastructure, permit & approval, Macroeconomic,
Experience, Stable off—taker, While, Country
B has priority of financial Market development
and has priority of stable off—taker and
nuclear policy and strategy factor with same
importance of high ranker. However, Others

have no priority among factors.

Clusshiestion  Institutions  Infrastructure .:;:f:l Edueation K'\:::; Fmi: ::n:ir;‘ Experience ;:;r r:::'
Countey A 01487 (11500 0116 um 01842 Q1630 00600 01476 (i) [ilz:)
Courkry B 01806 0150 02008 sy 0158 02784 0134 o 03151 03130
Caunny € 0129 01105 610 01276 01 wn 078 03142 0] (458
Country D 0.3005 052 02008 03189 0538 M4y 0454 o7 164 03150
Country £ 02491 0.3046 0419 0280 02936 01880 03068 oun 03161 01765

Total Lo0m0 1000 10000 10000 o] 10000 10000 10000 10000 00

[Figure 8] Comparative weight of countries to each factor
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4.3 Decision Making
Then,
alternative by the weight of factor yields the

multiplying the weight of each

overall weights of alternatives as the below
figure 9.[4]

A ABAXHOIT SHEX| HoAH 2¥. 2013. 12

[Figure 9] Ranking and estimating best alternates

Each weight of factors is combined with the
weight of alternative for final estimation of
country prioritization. Consequently, Country E
has the top priority for overseas BOT nuclear
power project and Country D has second
priority, Country B is ranked to third place,
and then Country A and C sequence. The each
weight figure of country is not important but
meaningful to distinguish the comparative

importance for the goal.

0.2850
02534
0.2021
0.1481
l 0.1245

A Country B Country C Country D Country E Country

[Figure] 10. Country viability for BOT nuclear power project

4. Conclusions

To summarize, this study features are
focusing on project country feasibility than
project at planning stage and application of
multi—criteria decision making tool for
numerous consideration elements of nuclear
power industry. It is also focusing on setting

the criteria through identifying, arranging,

allocating risks and evaluating alternatives
through timely updating reliable data from
authorized agency.

Analytic method enables the developer to
select and focus on the country which has
preferable circumstance so that it enhances
the efficiency of the project promotion by
minimizing the opportunity cost. Also, this
study enables the developer to quantify the
qualitative factors so that it diversifies the
project success strategy and policy for the
targeted country. Although the performance of
this study is has limitation due to the short
time, small sampling and security of materials,
it still has the possibility to improve the
analytic model more systematically through

further study with more data.
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