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I. Introduction

Indonesia will begin construction of its first nuclear power plant in 2010 and to have it operational by 2016.  The long term goal is to produce 4,000 megawatts of electricity from nuclear power by 2025. A lack of investment in infrastructure since the 1997-1998 Asian financial crisis is taking a toll as there is virtually no excess capacity on the power grid.  Black-outs are frequent throughout Indonesia as demand exceeds supply. Domestic production of oil is not enough to cover the Indonesian energy demand, and imports at spiking prices to fuel local power plants are crippling the national economy.  
The government plans to build the nuclear power plant at the base of Mount Muria, a dormant volcano on the north coast of the island of Java.   Indonesia is located along the so-called 'Pacific Ring of Fire,' a region prone to volcanic eruptions and destructive earthquakes. In May 2006, a 6.3-magnitude trembler devastated parts of Central Java's cultural city Yogyakarta and nearby regions, killing more than 5,800 people. Yogyakarta lies about 200 kilometers south of Mount Muria.  Officials from the national nuclear energy agency argue that the site where the government wants to build the nuclear power plants is one of the most geologically stable parts of Indonesia.   However, in recent years scientists have discovered a small geological fault below the proposed site, if a nuclear power plant is built there, the dangers will increase.  These safety concerns have incited protests, especially from environmental groups, against Indonesia’s plan to build its first nuclear power plant.  Other concerns in Indonesia include a government riddled with corruption and known for poor regulatory oversight of public utilities.  
Indonesia is facing intense pressure to diversify its energy sources.  Nationally, it wants to shift away from heavily polluting, increasingly expensive, and depleting supplies of fossil fuels to more sustainable alternatives.  Nuclear power is emerging as a key part of the future energy mix, not just for Indonesia, but for many of its neighbors in Southeast Asia.
Globally Indonesia is viewed as the cornerstone of regional security in Southeast Asia and a key trade partner.   For example, the United States strongly supports Indonesia’s political reforms and has pledged assistance in supporting Indonesia’s goal in becoming the largest democracy in East Asia.  

The Analytical Network Process (ANP) model titled “Should Indonesia Invest in Nuclear Power” was developed to determine if Indonesia’s decision to invest in nuclear power was correct for the island of Java. 
II. Alternatives
Approximately 87% of Indonesian energy generation currently come from fossil (oil, gas, and coal) sources, 10.5% come from hydropower, and 2.5% from geothermal. Five options are being considered in this ANP model. 

1. Build nuclear power plant

2. Build additional fossil fuel power plant

3. Build additional hydroelectric power plant

4. Build additional geothermal power plant

5. Do nothing: utilize existing plants

Every form of energy generation has advantages and disadvantages. In general they are listed in the table below:

	Source
	Advantages
	Disadvantages

	Nuclear Power
	· Inexpensive

· Energy generation is the most concentrated source

· Waste is more compact than any source 

· Extensive scientific basis for the cycle

· Easy to transport as new fuel

· No greenhouse or acid rain effects
	· Requires larger capital cost because of emergency, containment, radioactive waste and storage systems

· Requires resolution of the long-term high level waste storage issue in most countries

· Potential nuclear proliferation issue

	Fossil Fuel
	· Inexpensive
	· Requires expensive air pollution control (ex. Mercury, sulfur dioxide)

· Significant contributor to acid rain and global warming

· Requires extensive transportation system

	Hydroelectric
	· Very inexpensive once dam is built
	· Very limited source since depends on water elevation

· Many dams available are currently much of a future source

· Dam collapse usually leads to loss of life

· Dams have affected fish

· Environmental damage for areas flooded

	Geothermal
	· Good distribution for current use levels

· Easy to obtain

· Better as space heating energy source
	· Very limited availability

· Could be major contributor to global warming

· Expensive for energy generation

· Large price swings with supply and demand

· Need 3x the amount of installed generation to meet demand.


III. Analytical Network Process Model
The ANP Model developed for this final project has four feedback sub-networks of control criteria called Benefits, Opportunities, Costs, and Risks (BOCR).  Each of these criteria has the set of its own sub-networks which contains control criteria and subcriteria defined specifically for each aspect of the analysis. All strategic, control criteria, and subcriteria were determined through research from articles and material from the Internet. 

The strategic criteria identified are debt control, financial, long term energy demand, public health, and safety.  Debt control and financial criteria have subcriteria under them as shown in the model below.
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III.A. Benefits, Opportunities, Costs, and Risks (BOCR) model
Elements included in Benefits, Opportunities, Costs, and Risks (BOCR) analyses are only those that bring significant influence in the comparison of each alternative. 
III.A.1. Benefits
	Which alternative provides the most benefit to Indonesia?

	Economic 
(0.29696)
	Social 
(0.53961)
	International Relationship 
(0.16342)
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The matrix illustrated below shows the cluster pairwise comparison values for the Benefits Control Criteria.
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The inconsistency index for the Benefits control cluster shows that social has the highest priority of 0.539614 and the overall inconsistency index is 0.0089.
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Benefits Synthesis

For the Benefits model, the following figure shows how the alternatives were ranked.

Nuclear Power was ranked the highest followed by fossil fuel, geothermal, hydro, and last do nothing.  This shows that nuclear energy would provide the greatest benefit to Indonesia’s energy crisis. 
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III.A.2. Opportunities

	Which alternative presents the greatest opportunities to Indonesia?

	Economic 
(0.53961)
	Social 
(0.29696)
	International Relationship 
(0.16342)
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The matrix illustrated below shows the cluster pairwise comparison values for the Opportunities Control Criteria.
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The inconsistency index for the Opportunities control cluster shows that Economic has   the highest priority of 0.539614 and the overall inconsistency index is 0.0089.
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Opportunities Synthesis

For the Opportunities model, the following figure shows how the alternatives were ranked.  Nuclear energy was ranked the highest followed by fossil fuel, geothermal, hydro, and last do nothing.  This shows that nuclear energy would present the greatest opportunity to Indonesia’s energy crisis.  
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III.A.3. Costs

	Which alternative incurs the most cost?

	Economic 
(0.62501)
	Social 
(0.23849)
	International Relationship 
(0.13650)

	[image: image14.png]Fle Design AssessjCompare Computations  Networks ~Help

BRBL  Anachacssy D

=181]

O =T

1) Eeononic gowth
2) il investrrent

3) Operating costs

<

L

il

2
:
H

[=TES
=

1) Huclear Power |

2) Fossil Fuel

L

i

) Geotherral

5) Do Nothing

il

L

K|

Bt @ & © 7 @] Bw|G@c|En || .| Ew.| E1w.| E1r.| S5 [os.[C

Zigarnme

U@ wsoan




	[image: image15.png][Esubnet under Costs - 2) Social

BRBL  Anachacssy D

=181]

Fle Design AssessjCompare Computations  Networks ~Help

a sem  -lold

1 sAmyI
2) Pall\mnnl
3) By-produt dlspasa.\l

12

=
m

L=
1) Huclear Pawerl
2) Fossil le

3) Hyiro

) Geotherral

5) Do Nothing

Bstert| @ B @ ” @F.|Vw|Gc. B

| 8. 8| Bw.| Bw.| E)1.| G5 05T AEHBEAMECEDBY @ 1ssan





	[image: image16.png]BRBL  Anachacssy D

[Blsubnet under Costs - 3) International Relati

Fie Design AssessjCompare Computations  Networks ~Help

=181]

| emtiorat itonstip =[0I
=]

1) Foreign relation

2 Digloracy

L2}

il

Al amte  =lolx|
e
1) Nuclear Power |
2) Fassx.\F\ulI
3) Hydro
49 Geathznna.\l
500 Nmml
i | 2]

Bstert| @ B @ ” @F.|Vw|Gc. B

| & 8| Bw.| Bw.| B)1. | G5 05T EHBEAMEE@BY @ zoomm







The matrix illustrated below shows the cluster comparison values for the Costs Control Criteria.
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The inconsistency index for the Costs control cluster shows that Economic has the highest priority of 0.625013 and the overall inconsistency index is 0.0176.
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Costs Synthesis

For the Costs model, the following figure shows how the alternatives were ranked.  Nuclear energy was ranked the highest followed by fossil fuel, geothermal, hydro, and last do nothing.  This shows that nuclear energy would incur the most cost.   
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III.A.4. Risks

	Which alternative faces the greatest risks?

	Economic 
(0.16342)
	Social 
(0.53961)
	International Relationship 
(0.29696)
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The matrix illustrated below shows the cluster comparison values for the Risks Control Criteria.  
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The inconsistency index for the Risks control cluster shows Social has the highest priority of 0.539615 and the overall inconsistency index is 00089.
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Risks Synthesis
For the Risks model, the following figure shows how the alternatives were ranked.  Nuclear energy was ranked the highest followed by fossil fuel, geothermal, hydro, and last do nothing.  This shows that nuclear energy would face the greatest risk.
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III.B. Strategic Ratings Model

The strategic rating model is used to weight the values of the BOCR.  Benefits, Opportunities, Costs, and Risks were rated and the intensities were derived from a pairwise comparison of all criteria and subcriteria.  


Debt Control: 


Support, None, Bad, Very Bad


Financial:


High, Medium, Low


Long term energy demand:
Support, Does not support


Public Health:


Better, Same, Worse


Safety:



Better, Same, Worse


International Debt:

Good, Bad, Very Bad



National Debt:


Good, Bad, Very Bad


Long term finance:

High, Medium, Low


Short term finance:

High, Medium, Low
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Numeric Representation:
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IV. Model Result
The synthesized result of the entire model which took into account the weighting factors of the strategic rating model is illustrated in the figure below.  The figure indicates that Indonesia should go forward with building a nuclear power plant to solve its energy crisis.  The alternative of doing nothing came in last and should not be an option.

Additive (Negative)
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Multiplicative 
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V. Sensitivity Analysis
V.A. Benefits Sensitivity Analysis
Nuclear power option presents the most benefits almost at every level. This is because nuclear power alternative brings higher economic and social growth compare to the other alternatives, even though nuclear power plant doesn’t score high with respect to International Relationship as the others as shown below.
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V.B. Opportunities Sensitivity Analysis
Similar to the benefits analysis, nuclear power alternative brings more opportunities for growth compare to other alternatives, especially in education and technology field.
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V.C. Costs Sensitivity Analysis

Nuclear power plant requires high capital investment and thus incurs the most costs compare to other alternatives. Also as expected doing nothing alternative is the least costly since it will require less capital to keep the plants running.
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V.D. Risks Sensitivity Analysis
As proven in the analysis, nuclear power plant faces the greatest risk to Indonesia. The seismic and potential terrorist activities may expose the region of the radioactive contaminations.
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VI. Conclusion

According to the BOCR model Indonesia made the correct decision in investing in Nuclear power for the island of Java.  Although building nuclear power plant is the most costly and presents the greatest risk compare to other alternatives, in the end the benefits and opportunities outweigh the costs and risks. Considering that Indonesia’s transportation system is failing, due to overcrowding and poor maintenance, an energy solution that provides significant electrical output and minimum support from the transportation system is needed.   
1. Nuclear Power –High output (1000+MW), no carbon emissions, low demand on transportation system.

2. Fossil Fuel – High electrical output (1000+MW), very high carbon emissions, very high demand on transportation system.

3. Hydroelectric - High output (1000+MW), no carbon emissions, low demand on transportation system, very limited availability due to geography. 

4. Geothermal – Requires 3X the equipment compared to other alternatives to meet same output, limited availability, believed to be a large contributor to global warming
Comparing the alternatives, we agree that nuclear power is the best option for the island of Java.  

However, Indonesia’s energy crisis is a very complex issue that requires additional review of the countries total infrastructure, government, and culture.   Simply investing in nuclear power will not solve the energy crisis but will help support a future resolution.   
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