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Ab stract

Erergy is important to human existence, economic development and society progress,
which is also related to safety of acountry and sudainale devdopment ofsociety economy
Chinais a rapidly devdoping country, in which the decision making about energy selection is
critical. This paper discussesthealternatives of energy resources of coal, petroleum, natural g as,
nucl ear energy and renewable energy resources of China. The research makes a decision modd
for the selection of energy resources for China in the future by the method of Hiearchica
Decision Modding (HDM) by Dundar F. Kocaoglu The result of the research indicates tha
rankings ofenergy resourcesarethat renewable energy ranks the 1st, coal ranks the 2nd, nuclear
energy ranks the 3rd, natural gas ranks the 4th and peroleum ranks the last.The sensitivity
analysis reflects that the most critical criterion in the energy selection is current energy
infastructure.

1. Introduction

Chinais facinga complex situation in the problem ofenergy resourcesselection. On theone
hand, China possesses the rapidest economic growth in the past 30 years of the world with an
average ofabout 10% annudly. On the other hand, China can’t avoid the problems about growth
in enelgy cnsumption and pollution. Chinese govemment has se atarget of reducing energy
corsumption pe unit of GDP hy 20 percent and major pollutant emissiors by 10 pereent from
the 2005 levels by 2010, in a bid to protect environment and insure a sustainable d evdopment
However, the country still faces grea difficulties in filfilling the commitment, and the situation
remains arduols.

This pape discusses the dternatives of energy resources in China as cod, petroleum,
natural gas, nuclear energy and clean energy resources. Hierarchical dedsion models (HDM)
with sensitivity analysis!*) isa good method for raing and selection of energy resources. HDM is
developed by Dundar Kocaogluin 1976, whid is based onthesame basic concept of AHP(Saaty,
1980) but using different pairwise comparison scales and judgment quarntifiction technicues.
This paper discusses the problem of energy resources evaluation baed on the awareness of



Chinese peopleto the decision making criteriaofthe energy resources. Therefore, we can give a
subjective rating for each energy resource dternatives and make sensitivity analysis based on
China’s energy situdion

2. Literature Review

2.1. Dissertation on HDM Sensitivity Analysis by Hongyi
Chen

In Hongyi’s paperlErort Bookmark not defined.] -5 mymprehensive algorithm is developed to
analyze the semsitivity of hierarchicd decision models (HDM), including the analytic hierarchy
process and its variants, to single and multiple changes in the locd contribution matrices at any
level ofthedecision hierarchy.

By using HDM sensitivity anal ysis, we can see what is the tol erance for the weight ofeach
decision factor for not changing therank order of diferent energy resources. We will dso know
tha ifwe hopethe rank order ofthe energy evaluation to be changed how will the awarenessand
preference of Chinese peoplechange.

The research will employ the HDM SA method to analyze how the rating for energy
resources selection changes with the changing of the weights of criteria of Chinese people for
energy resources selection.

2.2. The Saaty/Gholamnezhad M odel

The sdection of energy resources is widely conerned by the countries of the wold. Saaty
and Gholamnedzah™ had used the HDM model for evaluation of di fferent energy sources. Saaty
and Gholamnedzah suggested the following model for evaluaion of energy saurces in 19& as
shown in Fig.1. We will use the same concept by tuning the Saaty/Gholmenezdah model to
develop an energy modd for China. The sendgitivity analysis method is a powerful tool far further
analysis ofthe dynamicsituaions ofChima’s enemy reources.

Figure 1 The Hierarchical Decision Modd ofSaaty/ Gholmenezdah for Energy Resources



Selection

2.3. The Chinese Government Program on Energy Savings

and Emission Elimination

The Central Government of China published a notice about comprehensive working
programon energy saving and emission elimination on June 3" 020071, T his program pointed
ou ,“the energy consumption br the GDP of every 10,000 RMB will be reduced from 122
million tce to less than 100 million tce, which mears &out 20% redudion. The Water
Consunption/Value Added of Industry will be decreased by 30%. The man polluting emission
will be decreased by 10%, which means that the emission 0fSO, will be eliminated from 25.49
million tons of 2006 to 22.95 million tons of 2010, the Chemical Oxygen Demand of will be
eliminaded from 14.14 tons to 12.73 tons. The tratment rate of domestic sewage won't be less
than 70%. comprehensive utilizaion rate ofindustrial solid wastes will be above 60%.”

The issue of the notice has actually changed the preference in the evaluation of difrent
energy resources for China. It put more weight to the factors of environrment impact.

2.4. Yushi Shen’s Doctoral Dissertation — The Research on

the Strategy Model of Chinese Energy Development

Ywzhi Shen’s doctoral dissertation makes research on the regularity of energy in China on
the basis of background and theory research. His research forecasts consumption vdume of
energy and andyses severd elements rdated to energy production and consumption structure
andm &es some p olicy suggesti ons of energy d evelopment ofChina.

It analyses energy storge, production and consumption features of China systemati cally.
Coaal plays a leading role in the energy consumption structure of China, @out 67% Petroleum
below 25% naura gas 2.7%, hydmoelectric 5.6% nuclear electric 0.6% which has obvious
differences compared with energy consunption structure of theworld.

The research was conducted in 2004, so it hasn’t fully corsidered the factors of energy
saving and emission elimindion. It mainly focused on the forecast of China’s energy selection.
But it hasn’t been focused onthesubjective raing ofthe energy resources.

2.5. The Current Energy Resources Production Structure of

China

According to the National Bureau of Statistics of Chinathe energy production structure of
Chinain from 1978t0 2006is shownin Table 1, the change of energy production structure from
1978 t0 2006 is shown as Fig. 1. From 1978 to 2005, the propottion of mal energy prod uction
inaeased by 9% the oil energy proportion decreased by 50% the natural gas energy proportion



inaeased by 21% and the proportion of nuclear/hydro/wind energy increased by 155% from
1978 to 2006. The reason of the change in the energy structure is because China has abundant
coal, hut is relaivdy meage in petroleum and natural gas. Chinais dso trying to improwe the
portionof renewable energy resources and nucl ear energy.

Tablel The Energy Production Gross and the Structure of China from 1978 to 2006

Energy Gross
Production Percentage of the Gross Energy (%)
Year| 10thousands tce
. Hydro Nuclear
Coal Oil  |Natural Gas \Wind Energy
1978 627.70 703 | 237 2.9 3.1
1980 637.35 694 | 238 3.0 3.8
1985 8%.46 728 | 209 2.0 4.3
1990 1089.22 742 | 190 2.0 4.8
191 1048.44 741 | 192 2.0 4.7
1992 1072.56 743 | 189 2.0 4.8
1993 1110.59 740 | 187 2.0 5.3
1994 1187.29 746 | 176 1.9 5.9
1995 1290.34 753 | 166 1.9 6.2
1996 1326.16 752 | 170 2.0 5.8
1997 1324.10 741 | 173 2.1 6.5
1998 1242.50 719 | 185 25 7.1
1999 1259.35 726 | 182 2.7 6.6
2000 1289.78 720 | 181 2.8 7.2
2001 1374.45 718 | 170 2.9 8.2
2002 1438.10 723 | 166 3.0 8.1
2003 1638.42 751 | 148 2.8 7.3
2004 1873.41 760 | 134 2.9 7.7
2005 2068.76 765 | 126 3.2 7.7
2006 2210.56 767 | 119 3.5 7.9
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Figure -1 The Erergy Gress and the Structure of China from 1978 to 2006



3. Problems

With Conprehensive Working Program on Energy Saving and Emission Elimination issue
by the Statement Depatment of China, China must reconsider the problem of energy resource
selection. Which erergy types should Chinainvest in for gaining the best utility? The rating for
every energy type will be a crticd issue. HDM method give us a powerfu tool for rating
different types of energy resources. In order to select the energy resource praperly, we have to
solve the following probl ems.

I What candidate energy resources are to be evaluated in Chind?

I  What are the fadors to be considered in the decision making process of energy

resource seledion?

I  What are the weights for each influencing factor according to the value view of

Chinese decision makers?

I Howdoes each energyresourcetype actin the different aspects of influencing factors?

I  Whatarethe rank order fordiferent energy resourcetypes?

I Howdoes the value of weights ofdifferent influential factors change if the rank order

ofthetypes ofenergy resourceschange?

I  Howwill the rank order changeif the i nfluencing factorssuch as cost, avail ahility, etc

change?

4. Energy Resources Alternatives of China

The Saaty/Gholamnezhad modd ha seven kinds ofenemgy resources for evaluation, which
are cod, nuclear power, conservation, solar energy, oil, natural gss, other resaurces. While, we
hope toset the options according to the reality of China.

The Comprehensive Working Program on EnergySaving and Emission Elimination® issued
by the Statement Department of China has listed the conservaion as a major step in the coming
years. It is also difficult to compare conservation to the other energy resources because they
don’t have the sameattiibutes. So wededdeto exclude conservation as a candidateoption forus
to make decision.

The musthave qualification for the candidat e options include:

I Weshouldindudethe mainkinds of appli cable resourcesin China.

I Theenergy resource istechnologicd practical for exploitationand utilization.

I Weca gd thedata forcomparison by research, othewise the comparisonis lacking of

the basis of bd ng authentic

Now the main energy resources in China are coal, petrdeum, natural gas, nuclear energy
resources and renewable energy resources. Among the renewable energes, hydro and wind
electridty has the potertial to be used in large scale, biomasg/biofuel energy, sola energy, tide
energy and geathermal energy are dso used, but the portions ofthose energies are vy small.
Chinaalso haveoil shale and tar sands reserves, but they haven’t become practi cal to be utilized
in large scd e in the reeent years in China. So we choose only five mainstream energy resource
options to be evaluated, which include coal, petroleum, natural gas, nudear energy and
renewable energy.



5. The Criteria for Energy Resources Selection of

China

We choosesix criteria Dr the sdection of five types of energyresaurcealternativesin China
asshowinfigure 2. Thesix criteria are:

1 Availability

1 Cumrent erergyinfrastucture

I Price

1 Safety

I Socid impacts

. Ene

Mission Reség?’/ces
Selection
Objectives Beray
Infrastrudur

Actions

Figure 2 T he Criteria for Energy R esources Sel ection of China

5.1 Availability

The most importart factor for energy resource sdection is the avalabhility. Energy resource
supply mugt be sugtainale and persistent as the interruption of energy supply can cause great
loss to the econromicdevelopment and theliving situation ofpeople The nonrenewable resources
such as cod, petroleum, natural gas and uranium is limited. They will un out in a periodoftime
While, the renewable resources will be renewed by thenature and last brewer.

For a specific type of energy resource, availability means that it is suitable and ready for use
We can explain availahility with the exploitable reserves of the enegy resource the proved
reserves oftheenergy resources andthe readiness oftechnologies for the explaitation of it. If we
import the energy resource, we need to take aestimate o fsources of goods. An energy resource is
more available when there are more sources of goods and we have hetter bargain power when
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purchasing it. Thetimes ofthe world produdion to the domestic production can be regarded as
an indicator far the easiness of impotting energy resources. The decision making is also
infuenced gredly by the present annual production structure of different types of energy
resources because the facilities to produce energy resources and methods to utilize the diferent
energies need to changei fthe structure of energy resources change andthus will bring great cost
to the econamy.

The renewable energy resources can be replenished by new growth naturally as sunlight,
wind, rain, tides and geothermal hea. Non-renewable energy resaurce is in contrast with fossil
energy which an’t be renewed naturally, such as oal, oil, natural gas, etc.. Climate change
concerrs coupled with the Bar of energy crisis ae diiving people to the research to exploit and
userenewable energy resources.

We depict the sub-factors for themost important influential factor as figure3:

Availability

Sustaining Sustaining ; he Prese

i ; Easiness Technol
cxoeye | [ Hmey f vy prodrtion
Resenes of Resenes of Reserves of or Structure of

China Energy

Resources

China World Importing

Figure3 The Sub-factors for the Avail ahility

We tried our best to find the information for the sub-factors depicted in fgure 1,which are
shown in the tabl e-2 to table-7:

The amud energy consumptionis aout2.65billion tce (ton of standad mal equivalent) in
2007, anong whichtheannual electri city consumptionis about 3.2632 trillion kilowatt hours.
5.1.1 The Sustaining Time of China’sEnergy Resource by Exploitable Reserve
Table-2 T he Sudtaining Time of China’s Energy Resource by Explaitabl e Reserve

Explaitable R eserve Annua Consumption | Sustaining
consumption percentage time
Caal 114.5 billion | 2.58 billion | 70.1% 44.39 years
tonnes® (2000 est.) tonnes® (2007 est.)
Petrol eum 2043 billion 20.6% 6.01years
tonnes’ (2006 est.) 0.34 hillion tonnes®
(2007 est.)
Naurd Gas 31 Trillion Cubic| 67.3 billion cubic | 294% 46.06 years
meters® (2007 est.) meters’ (2007 est.)
Nuclear Energy | 64000 tonnes® (1997 | 1500 ton™° 0.72% 77,58 years
Resources est.)
Renewable The hydrogen el ectricity is about 0.39 trillion kilowetts hours | For ever




Erergy in 2006. The wind electridty is about 3.8 billion kilowatts
Resources haurs in 2006 The hydro and wind electricity account for
1207% ofthe annual dectricity consumption and 6% of the
total energy cansumption.

Note: 1.The annual production of world’s uranium can only satisfy 55% demand of the fuel of
nuclear reactors The lacking part ofthe fuel is made up fiom the second time uranium including
therecycling ofspent fuel, the uranium stocks and conversion of highly eniiched uranium within
the nud ear wegpors. 2.According to the Developmert Report of Renewable Energy Resource of
China the hydmogen electridty production in China isabaut 0.39 trillion kilowatts hours in 2006,
Chinawill deved op the hydio electricity plarts to exploit nealy dl the hydro power within the
territory of Chinabefore2030. The annual provision of electricity by hydrogen energy will reach
abaut 15 frillion kilowatts till then'*. The wind electridty production in China is @ou 3.8
billion kilowatts hours in 2006. China will devel op the installed capacity of wind power plant to
40 million kilowatts which will provide & much as 80 billion kilowatts hous of annua
produdion in 2020. | fthe wind energy within China’ sterritory areall exploited in the future the
electridty provided by wind can reach 2 trillion kilowatts hours.'! That means ifthe hydogen
and wind energies are fully utilized, it an provide dl the annual electrigty demand of China
The biomass energy is made from the crop haulm, forestry surplus, oil plants, domestic gatbage
and other organic waste As estimated, the exploitable biomass energy can provide as much as
0.5 billion tce, whidh is 18.9% of thetotd energy consumption.**

5.12 The Sustaining Time of China’s Energy Resource by Proved Reserve

Tale-3The Sustaining Time of China’s Energy Resource by Proved Reserve

Proved Annual Consumption Sustaining time
Reserve conumption percentage
Caal 1002.5 hillion | 2.58 billion | 70.1% 383.56 years
tonnes'? (199 | tonnes®(2007 est.)
es.)
Petroleum 1814  hillion | 0.34 billion | 20.6% 5335years
tonnes*® (2007 | tonnes® (2007 est)
est.)
Naurd Gas 4.7  Trillion | 67.3 billion cubic | 2.94% 69.84 years
Cubic meters$® | meters®(2007est.)
(007 est.)
Nuclear Energy | Abundant 1500ton 0.72% 1000 year
Resources (unlimited)
Renewable The hydro and wind energy can provide 3.5 trillion | For ever
Erergy kilowatts hours annually & most, whidh can cover all the
Resources electricity consumption of China. The biomass can provide
as much as 05 billion tce anually, which account for
18.9%ofthe total annual energy consumption.**

Noate:
1. Atomic energy resources are mainly uranium and thorium. China is ladk ofuranium and

is afterthetop 10 countries which process the most uranium mineof the world. The uranium of
China is insuffcient for the development of unclear energy industry. While China does have




plenty of thorium & a replacement of uranium and is listed & the second cowuntry of the world
which process the most ofthorium mine after India. The proved reserve ofuranium andthorium
can provide as 20 times of energy asthe sum ofenergyprovided by the fossl fuel of cod, oil and
natural gas. So we can just assume that the sustaining year o fthe atomic energy resource can be
1000 years or more'®. But the present unclear power plants in Chira are desigred to process
uranium. The technologies to gererate el ectricity by thorium is still developing.

5.1.3 The Sustaining Time of the World’s Energy Resource by Proved Reserve

Téble-4The Sugaining Time ofthe World’s Energy Resource by Proved Resere

Proved Reserve  Amual Consumption Sustaining time
corsumption percentage
Caal 9M.06 billion 3.09 billion | 28.41% 294.20 years
tonnes '® (2006 tores 7 (2006
est.) est.)
oil 12082 billion 2851 billion | 35.76% 42.38years
barels '* (2006 barrels '° (2007
est.) est.)
Naurd Gas 181.46 trillion 2.85 trillion cubic | 23.67% 63.67 years
Cubic meters®
meters(1*, Jan,
2008%%)
Nuclear Energy | 16200000 69110 tonnes”® | 5.84% 234 years
Resources tonnes?
Renewable For ever
Erergy
Resources
Nate:

1.As estimated by IAE A-NEA, the conventional uraniumreserve is about 16200000 tonnes,
which can last for 234 years according to the present consumption. The uranium reserve
ressonably assured as of 1/1/2007 which costs less than US$130 per kilogram is about 3338300
tomes, with which the nudear readors of the world can only last for 483 years. The annua
produdion of world's uranium is abaut 41279tonnes in 2007.
5.14 Easiness for Importing Energy resou rces
Table-5 Esiness for Inporting Energy resources—Times of World’s Production of China’s
Pradudion of2006:

China’s World’s World/China
Production Production
Caal 1,212.3 million | 3,079.7 million | 254
tonres oil | tonres oil
equivalent #2007 | equivalent®® 2007
est. est.
oil 1837 million tonnes® | 3,914.1 million | 2131
2007 est. tonres?® 2007 est.
Naurd Gas 58,553 million cubic | 2,865,297  million | 4896
metres?®> 2007 est. | cubic metres® 2007




est.

Nuclear Energy | 712 tomnes® 2008 | 41279 tonnes®® 2008 | 57.98

Resources est. est.

Renewable It is impractical to import renewable energy | 0
Erergy from other cuntry at present.

Resources

5.15 Technology Maturity
Table-6 M aurity in Technologiesto Exploit Different Types ofEnergy in China

Erergy Types Technologies Devdopment Status

Caal Energy Mature

Oil Energy Mature

Naurd Gas Erergy Mature

Nucl ear Energy | Practical but still developing

Resources

Renewable Energy | Some of the technologies are mature(such as hydro

Resources and wind energy), while othes are still in the
beginning or devedoping stages (such as biomass
energy).

5.1.6 Annual Production Structure

Table-7 The Pradudtion Structureo f Di fferent Types of E nergy Resources of China in 20072°

Erergy Types Amud Produdion Percentages
Caal Energy 76.4%

Petrol eum Energy 113%

Naurd Gas Erergy 3.9%

Nucl ear Energy 0.72%

Renewable Energy 7.68%

5.2 Current Energy Infrastructure

We should also consider the consumption as an important factor because the production

shauld match the demand of each type of enemy in reality. The sub-factors far the Energy
Consunyption Structure is depicted as figure 4.
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Figure 4 The Sub-factors forthe Energy Consumption Structure

The consumption of vaious types of energy is not only decided by the produdion but also
by theway we live and the industries we run which is path dependence The fadlities built in the
past are agree with the present energy consumption structure. If we change the structure of
energy types, the facilities should be changed together which make the shiftingvery different. It
is essential to cnsider the present consumption percentage & an important factor for us while
mé&king dedsion. We can indicate the importance of different types ofenemies by Corsumption
Percentage for Types ofEnergy Resaurces ofChina and World as shown tabl e-8 andt able-9.

Table-8 Consumption Percentage for Types of Energy Resources of China®® 2006

Consumption 0f2006 Percentage of total energy
consumption
Caal 11913 million tonne oil 70.17%
equivdent
Petroleum 349.8 million tones 20.60%
Naural Gas 50.0 million tonnes oil equivalent 2.94%
Nucl ear Energy | 123 million tonnes oil equivalent 0.72%
Resources
Renewable Energy | 94.3 million tonnes oil equivalent 5.57%
Resources
Tatal 16978 million tonnes oil
equivd ent
Table-9 Consumption Percentage for Types of Energy Resources of World® 2006
Production 02006 Percentage of total
energy consumption
Caal 3,090.1 million tonnes oil equivalent 28.41%
Petrol eum 3,889.8 million tonnes 35.76%
Naural Gas 2574.9 million tonnes oil equivalent 23.6™0
Nucl ear Energy [ 635.5million tonnes oil equivalent 5.84%
Resources
Renewable Energy | 683.1million tonnes oil equivalent 6.33%
Resources
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| Total

10,878 5million tonnes oil equival ent

5.3 Price

Gholannezhad and Saty used cost as an influencing factor far the selection of energy
resources, which means the expenditure of money, time and labor pad for raw materid
acquisition, production, transportation, storage, etc. oftheenemy generated by the type of energy
resource. “Two types of expenditures inwlved in the provision ofenergy are the initial costs of
explordgion and early devdopment of resources, and those of production, distribution, and
utilization.”TA. H. Gholamnezhad and T. L. SattyF’

We us prices as substitutes of costs ofenergy resources. Because the prices are not only
decided by the costs when we exploit and utilize energy resources, they dso reflect the supply
and demand situation in the market, in other words, they reflects the scardty of the energy
resources. Morove, it’s also esier to get the information about prices of cod, oil and naural

gasin market raherthanthecosts ofthem, thus maketheresearch pradical.

Tablel0 ThePrices of Energy Resources

Description
Coal The price ofthe composite price of commodity wal is about RMB  422.85tonne?®
P etroleum Because the price of cude oil fuctuated largely inthe past years,we decided to adoptthe
average price ofthe past four years (2005, 2006, 2007, 2008), which is about $69.99/bbl .2
The price fluctuated fom 17.76 to 123.8 since 146 according tothe comparable piices
0f2008.
Natural Gas In the firstthree morths of 2008, the average price of the natural gas of ChinaNational
Petroleum is about $315/thousand cubicfeet. *
Nudear Energy | The nuclear electricity is in thesamelevel as the coal electricity or a little bit lower than
Resources coal electricity. The benchmarking price of coal electricity in China is about RMB
0.42kwh, while the price of the nuclear electricity of Qinshar is about RMB
03%®B/kwh >
Renewdle Energy | The prices of renewable energy resources are decreasing and they are now very
Resources competitive to the cod electricity.**
Hydro Electricity 38 billion kwh in RMB  025/kwh®
2006
wind Electricity 0239 trillion kwhin RMB  0.52/kwh®
2006
Solar Electiicity Very snall RMB 21-35/kwh™
Biomass/Biofuel Very small RMB 056-0.84/ kwh™
In order to make the information explidt, we tryto cal culatethe cost per kilowatt hour as
Table 11 ThePrices of E nergy Resources Compared with Coal
Price ofHea Price ofel ectricity Price Comparison
(Times ofCod )
Coal RMB 0.0727/kwh RMB 0.42/kwh 1
Petrol eum RMB 0.281/kwh 390
Natural Gas RMB 0.0721/kwh 1




Nuclear Enemgy
Resources

RMB 0.393/kwh 094

Renewvable Enemy
Resaurces

5.4 Safety

RMB 0.285/kwh 0.68

Safety concerned with the energy resources mears the freedom from the occurmrence ofrisks
ofinjury, danger orloss caused by the erergy resources and the confidence ofbeingsafewith the
energy resources. Energy pradudion has impact to thesafey of environments and the inhabitants.
For instance the emission of weste air, waste water and the nudear waste ae harmful to the
inhabitants’ hedth. Some erergy source can caus irreversible disasters to the environment such
as nuclear leak. Energy Education Awstrdia Inc. has done a detailed research to the possible large
scd e different kindsof energy systems asshown in table-12.

Table-12 Possible Large Scal e Disastersof Energy System®*

Erergy Sysem Possible L arge ScaleDisasters

Caal Mine acddents, landslides, sudden subddence in urban areas,
depletion and contami mation ofwater resources in and regiors.

Petrolaum Massive spills on waer from tanker accidents and offshore well
blowouts, massivespills onland from pipeline breaks, refinery fires.

Naurd Gs Pipeline explasiors, liquefied natural gas (LNG)tanker explosions

Nucl ear Energy | Release of radioective material from mdtdown of ractor wre,

Resources sabotage.

Renewable Energy
Resources

Generdly the disasters caused by renewable resources are relatively
dight

HydroElectridty Dam b reaks

Wind Eled ricity None

Solar Energy None

Biomass and Biofuels None

Geothermal Energy Depletion and contamination of water
resourcesin arid regions

Tidal Enagy None

5.5 Environment Impact

Erergy generation has various negative impacts to environmert as figure 5:

1 Air pdlution: atmosphere is a major concern of China. The main polluting emission refers
to the emission 0fSO,. While, emission ofCO, is another concem because the greenhouse
effect is caused by the emissionofCO,. Theburningof mal, oil and natural gas all produce

the air pollutant.

I Water pollution: Erergygeneration can also cause water pollutionby drainageof the waste
waeter into the natural weter bodies.




1 Lad disruption: Mining of coal, ail, natural gas can disruypt the green land because of
subsidence, surface mining, proposd ofused materials, efc..

Environment
Impact

Air

Wakr Land

Pollution

Pollution Disruption

Figure 5 The Sub-factors forthe Energy Consumption Structure
Table-13 Environment Impact of Energy System™*

Erergy System Air Pollution Water Pollution Land
Disruption

Caal Sulphur dioxide,| Add mine drainage add ran, | Undemground
inhaldle  paticulates,| dissolved solids from washing | and strip
nitrogen oxides, ghbbal | cod, excesshea. mining,
cdimate change fom subsidence,
carbon dioxide, slag disposal,
rad ioactive emissions. erosion.

Petroleum Suphfur Dioxide, | Oil spills  fom  blowouts, | Subsidence
nitrogen oxides and | tanker  accidents, pipeline | estuary
hydrocarbons, gldbal | ruptures. palution

dimae dchange from
a@rbon dioxide.

Naurd Gas Global climate | Excess heat Subsidence
cthange from carbon
dioxide.
Nucl ear Energy | Radioactive Radioactive mine  wastes, | Open pit and
Resources amissions exss heat, radio effluents. underground

mining, storage
of radioactive
wastes.

Renewable Energy | Generaly the environment impadt caused by renewable resources are
Resources el ativel y slight.

Air Water Land

Hydro Electricity Negligible Disruption | Hooding in aeas b fom
of aquatic | lake(s) ecoy sem

ecosystems | disruption,  loss  of
wildlife ad  human

habifat  disuption of
estuary into which river

flows.
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Wind Electridty Nedigibe except| Negligible | Negligible
for some noise and
aeshetic
degadation.

Possible local or
regonal climate
changes.

Solar Enegy Nedigible  except Negligible Requires lard for large
for m ocerate farmss of solar colkctors,
amount air polltion disruption of deert
from matrials ecosy sems.

(cement, steel,
glas) reeded to
male collectors.

Biomass/Biofuels Patculaes and | Larg we d | Large we & knd, soil
hydrocarbons, land, soil | erosion, loss of habitat
global clinate | ercsion, soil | for wildlife.
change from cabon | saliity ard
dioxide. waerlogging
Glohal clmate | from irrigation,
change from cabon | ecosy sem
dioxide. simplification,

loss of wildlie
habitts

Geothermal Energy Hydogen sulphide | Dissolved solids | Subsidence
and ammonia, | (salinity),
global climate | runoff, exces
change from carbon | heat
dioxide, radioactive
makrials,  noise,
local climate
change, daor.

Tidal Enegy Negligible Eduary Negligible

disruption

5.6 Social Impact

1:

Social impact plays animportant role in energy development. Since energy as an industry is
a great opportunity to impac social and ecoromic change, we will be carrying out social impact
assessment as part of energy resources seledion. The energy indwstry's scaleis large in China
Development of different energy section hes different power of influence. We @n define the
industry scd e according to the employeesand contributionto GDP of each sections ofthe energy
industty in Chira. Ifanysedion ofthe industry changes, there will beimpact to the employment
and GDP mncerned with that section. The sub-factors ofsodal impact are listed as bdow and




areshown & figure 6.

I Irdudrial Added Value: The contribution of the indudries concemed with various
energy resources to China’s GDP. We can use the industrial addedvalue to indi cate the
ontribution of kinds of energy resources to Chira’s GDP shown in teble 15.

I Employment: The nunbers of employees of the indudries concemed with vaious
energy resources. We can use table 17 to assist the raing of different energy resources.

I Price Fluctuation: The price of the energy resource is determined by many fadors
including the cost and the moropoly situation of the resource. Sometimes the politicd
and economics situation have great impact to the piice of erergy resource. Ifthe price
fluctuates largely, it an be dangerous and harmful to the steady development of
Chinds eamnamy. The price fluctuaion is shownin table 18.

I Others: The selection of different energy resource has many side effects. The
development of different energy resources will have side effeds. For example the

nuclear reactor will make the real estate aroundit depreciate Some ofthe other socid
impads are shownin table 19.

Sodal Impad

Enmployment

Industrid
Added Value

Price
Fluctuati on

Figure 6 T he Sub-factors for Social Impad ofEnergy Resources
5.6.1 Industrial Added Value
Table14 ThePercentages ofthe Industrial Added Vdue of Energy Resource Sectors in China

(2006) *°
Miningand Washing of Coal 3.90%
Extraction of Petroleum and Natural Gas 6.60%
Processing o f Petroleu m ,Coking ,Processing o f Nudeus Fuel 2.50%
Production and Supply of Electric Power and Heat Power 7.60%
Production and Distribution of Gas 0.20%
Total 20.80%

We adjusted the numbers in the table above roughly according to the proportion of energy
corsumptions of C hina and got table 15, which is more practical inassisting d ecision making
Table 15 The Adjusted Percentages of the Industrial Added Value of E rergy Resource
Industry in China (2006)

Erergy System Industrid Added Value Percertage

Caal 1171%
Petroleum 6.61%
Naurd Gs 1.14%
Nucl ear Energy Resources 0.90%
Renewable Energy Resources 0.60%
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Tdtal 20.96% |

5.6.2Employment
Teble 16 The Employee Numbers ofEnemy Resource Sectorsin China(2006)°

Employee Numbers
Energy Resource Sectors (in thousand persors)
Mining and Washing of Coal H74
Extraction o f Petroleu m and Natural Gas 879
Processing ofPetroleu m ,Coking, Pro cessing o f Nu cleus Fuel 542
Production and Supply of Electric Power and Hea Power 2292
Production and Distribution of Gas 163
Total 7450

We adjusted the numbers in the table above roughly according to the proportion of energy
comsumptions of C hinaand got table 17, which is more practical inassisting d edision making

Table 17 The Adjusted Employee numbers o fE nergy Resource Systems o fC hina (2006)

Energy System Employee Numbers (in thousand persons)

Coal 5858
Petrol eum 950
Natural Gas 288
Nuclear Energy Resources 202
Renewabl e Energy R esources 180
Totd 7478

5.6.3 Price Fluctuation
Table 18 Price Fluctuation of Energy Resources

Erergy System Price Fluctuation
Coaal Rising steadily every yea
Petrol eum Fluctuging largely with the intemational oil price. The

domestic oil can acoount for 47%ofthe consumption and 53%
ofthe ail is relying on the import *°

Naurd Gss Chinawill reportedly raise naturd ga prices within the yer in
an effort to ensure healthier profits for thesector.*’
Nucl ear Energy Resources The price of nuclear electricity is going to decrease in the

future with the development ofnuclear energy technologies.

Renewable Energy Resources | The price of hydro and wind electricity is going to decrease in
the future with the development of renewable energy

technologies.

5.6.4 Other Social Impact

Table 19 Other Sccial Impact of Energy Resources

Erergy System Other Socid Impact

Coal

Petroleum

Naurd Gas




Nucl ear Energy Resources Cauwsing the depreciation of land and real estates around the
nud ear reactor.

Renewable Energy Resources | Cawsing the change of ecdogy around the dam of hydro
electricplant.

Boosting the R&D of renewable energy technology and
manufacturing indugry.

6. The Surveyand the Result

We desigred a survey questionnaire as shown in appendix 2 and 12 Chinese experts filled
out thequestionnaire, we got theweightsof the decision making ariteriaand sub-criteriaand the
rating for the five energy alterndivesby pairwise comparison. The compaisonof weights of the
criteria are shown in figure 6. We cdculaed the rating results according to the pairwise
compaisongiven by theexperts as shown in table 20.

The comparison of erergy alternaives to each criterion are shown in figure 7. The
compaisonof energy alternatives as a wholeto the sd ection are shownin fgure 8.

From the comparison in deail, we can see that the renewable energy is valued by Chinese
peopleas the first rank, much better than coal, nuclearenergy, natural gas and petroleum because
renewable energy get the highest vadue in availability, price, environmental impads. While the
proportion of renewable energy in the currentenergy infrastructureis still very low and the socid
impacts of renewable energy is also rlatively low because the industrial size is relatively
smaller

The second rank goes to coal. Coal has the top ranks in current enegy infrastrudure and
sodal impacts. It also does well in availability and price But the weakness of coal lies in the
safety and the environmentd impacts.

The third rank goes to nuclear energy. Nuclear energy gets the second rank in availability;
price, envionmenta impacts. Bt its praportion in thecumrent enegy infrastrudureis very small.
People worry aout the safety of nuclear energy and the sodal impacts of nuclear energy also
make it inferiorin the pesitioningofthe selection.

The farth rank goes to natural gas. Natural gas ranks as third in availability, price, current
energy infrastructure, safety and envirormental impads, but ranksas 4th in sodal impads.

The last rank goes to petrdeum. Though peroleum hasthe second rank in aurrent energy
infastructure and safety; its shartage in availability and expersive price make it diop to the last
rank. Its ranks in environmental and socid impacts are also gloomy.

0. 35 - —
0.3 O Availability
0.3
mQrrent Energy
0.25 [ 0. 22 Infrastructure
021 ORice
0.2
0. 15 p— O Sof ety
0.09 0.1 )
0.1 HEEwvironnenta |Inpacts
0.05 . O Socia Inpacts
0]

Figure 6 The Weights ofthe Ciiteria in Energy Resources S dection of China
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Table20 Calailation ofthe Rati ng Results According to the Pairwise Comparison about Selection of Energy R esources of China

L . L Weights in | Weiglts in Natural Nudear Renewable
Criteria&W eights Sub-criteria Coal Petroleum
Sub-criteria | mission Gas Enemgy Energy
Sustaining Time by Exploitable Reserves of China 0.19 0.057 0.05 0.01 0.05 0.07 0.82
Sustaining Time by Prooved Reserves ofChina 0.22 0.066 0.11 0.04 0.04 0.29 0.52
Availil Sustaining Time by Prooved Reserves ofworld 0.18 0.0%4 0.15 0.03 0.04 0.15 0.64
vailailit
03 y Easines for Importing 0.14 0.042 0.04 0.21 0.34 04 0
Technology Maturity 0.14 0.042 0.29 0.26 0.23 0.13 0.09
The Present Annual Production Structure of Energy
0.12 0.0% 05 0.18 0.12 0.07 0.13
Resources
Consumption Percentage Br Types of Energy Resources
Current Energy . 0.42 0.0378 0.52 0.21 0.14 0.06 0.06
ofChina
Infrastructure
Consumption Percentage Br Types of Energy Resources
009 0.58 0.0522 0.25 0.33 0.23 0.11 0.08
of Word
Price 0.21 1 0.21 0.21 0.06 0.2 0.23 0.31
Sakty 0.22 1 0.22 0.15 0.18 0.18 0.15 0.35
Environmental AirPdlution 0.38 0.038 0.09 0.1 0.14 0.24 0.44
Inpacts WaterP ollution 0.38 0.038 0.09 0.08 0.21 0.16 0.45
01 Land Disruption 0.24 0.024 0.13 0.14 0.2 0.14 0.4
Industial Added Value 0.23 0.0207 0.44 0.22 0.13 0.13 0.08
Social Impacts Employment 0.25 0.0225 0.52 0.17 0.13 0.09 0.09
009 Price Fluctuation 0.36 0.0324 0.22 0.11 0.15 0.24 0.28
Others 0.16 0.0144 0.19 0.16 0.14 0.21 0.31
Final Rating Value 0.200508 0.12861 0.1654 0.17939% 0.333261
Ranks 2 5 4 3 1
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Figure 7 The Comparison of Energy Alternatives to Each Criterion
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Figure 8 TheResult ofthe Comparison ofEnergy Resources Alternaives ofChina
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7. Sensitivity Analysis of Objective’s Weights

In our prgect, we did the sensitivity analysis on the criterion level, which is the objective
level. We wsed the sendtivity analysis algorithm for hierarchical decision models mentioned in
Hongyi Chen and Dundar F. Kocaoglu ’s study®="" Beokmarknotdefied. ‘tojemnce is defined & the
allowable range in which a contribution vdue can vary without changing the rank order of
decision alterndives. In order to determine the tolerance, the allowable ranges ofperturbdions
are always calculded first In our result, we find out the tolerances of contributions of
infuencing fadors to the mission that will tolerate the cument energy selection rankings to
remain the same.

Beforewestartthesendtivity analysis algorithm, there are some symtols to bedefined.

Ol : The |th objedtive, 1=1,2..L

In our prgect, the objectives are Avail ability, Current Energy Infrastructure, Price, Sakty,

Environmental Impacts, Sodal Impacts.

Ai: The ithaction, i =12..1

Here the actions are Coal, Petroleum, Naurd Gas, Nuclear Energy, Renewable Energy.
a,: Contiibution ofthe i th actionto the |th objective

a;: Contribution ofthe ithaction to themission

r: Therank of i. A ranks higherthan A, , indicging a, ® a,,,

0, : Contribution ofthe [ th objective to the mission

Le’s denate the perturbation induced ononeof the 0,’s( 0,.is used to differentiate it from

L
oter o)& e. ad -0.pe.p é 0 -
1=, 1t 1*

The original ranking oder of A and A, will nat reverseif

e|*£g—°(ifc_°f0) o a2 ot Sopo)

I* [ [ I*

oL 0, OL 0,
— e I ’ I
where CI* —ar+n‘| - arl* - a ar+n,| T + a arI T

[« [«
1=, % 1=, 12 1>
ao ao
1=, 1% 1=, 12 1%

and CO =a, - Ay

The original ranking ofall Ai’swill remain unchanged i fthe above condition is satisfied for
n=1, and r=1,2,3,4 in our projed. The top choice will remain the same to choice if the dove
condition is satisfied forr=1andn=1,2,34 in our project.*®
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We first list theknown condition figures by table21 and table 22 & foll ow.
Table21. Ranking and Contributions ofthe Alternative Energy Resources TotheMission

Cod Petrolaum | Natural G NudearEnegy [ Renewable Energy
Vdue 0.2005 | 0.1328 0.1654 0.1793 03332
Ranks 2 5 4 3 1
Table22. Contribution Matrix of Alternaive E nergy Resources to the Criteria
Energy Altematives Coal | Petroleum Natural Nucl ear Renewabl e
(Ranks) ) (5) Gas Energy Erergy
¢ (©) ()
Availability 017 0.10 0.12 0.19 041
Currert Energy 0.36 0.28 0.19 0.09 0.07
Infrastructure
Price 021 0.06 0.2 0.23 031
Sakty 015 0.18 0.18 0.15 035
Environmental Impacts 010 0.10 0.18 0.19 0.43
Socid Impacts 034 0.16 0.14 0.17 0.19

L
Based on the definition - 0. p €. p a 0,, Wecanseethat - 0.3p g p0.7.

1=, 1t 1*

C,=a,- a =0.3332- 0.2005=0.1327

6
a.0,=0.09+0.21+0.22 +0.1+0.09=0.7

=2

_ g _ . 0 ,8_ . 0
Cl_az,l'ail'aaz,l 6 taad, 5
1=2 o] 1=2 o]
ao ao
1=2 1=2
=0.17-0.41(0.36*0.09/0.7+0.21*0.21/0.7+ 0.15*0.22/0.7 +0.1*0.1/0.7 + 0.34*0.09/0.7)
+(0.07*0.09/0.7+ 0.31*0.21/0.7+0.35*0.22/0.7+ 0.43*0.1/0.7 +0.19*0.09/0.7)

=-0.156

C, _ 0.1327 _
C, -0.156

We cangetthat €, 3 -0.85

Repeating the same steps for n=1and, r = 2,3...5 we ge the following allowablerangeof & .

-03peg p0.7, 63-085 €£0372, ¢2-0.1782 ad e, £1.68.

We find out the intersection of the above sets and get the perturbation of the weight of
“availability” as follow.



-0.1782£ g £0.372

The allowablerange o fthe perturbationon O, is deroted as [01,, a;,], and the tolerance of

olis defined as [du +0,,0, +o,] *. From the calculations above, we can get to the resulttha

the toleranee of O, which is “availability”, to keep the aurrent ranking ofall the dternatives in

energy resourceselection is [0.1218, 0.672]. Afterrepeating thesame steps for each objective we
put all the results intable 23andwe desaibethe meaning ofthe resultin table 24.

Table 23 Sensitivity Analysis on the Weights of Ciiteria of Mission to the Ranks of Energy

Alterndives
Availability Current Enemy | Price Safety Envionmental | Social
Infrastrudure Impacts Impacts
P aturbations [-017820.372] | [-0.077,0.1096] [-021,04 | [0220239 | [-01,01729 [-009, 043]
Tolerance [0.1218, 0677 [0.013, 0.1996] [0,061] [0, 0458] [0, 02729] [0,052]
Sensitivity 1.82 5.36 1.64 2.18 3.66 1.92
Coefficient
Criticality to] 5 1 6 3 2 4
Current Ranking
Table24 Explanation ofthe R esults o fSengitivity Anal ysis
o Todlerance of _
Criteria theW dghts Description
Wha the wdght of availability is les than 0116 natural gas will
surpass nuclear energy tobemme the 3rd insead ofthe 4th.
Avail ability [0.116,0661] Whe theweidht ofavailability ismore than 0.661, nuclear energy will
surpass coal to become the 2nd insead ofthe 3rd.
Wha theweight ofavailability change within the range from 0.116 to
0.661 theraks oftheenergy akernaives remain the sane.
Wha the weight of current energy infrastructure is less than 0015,
nuclear energy will sumpass coal © bemme the 2nd instead ofthe 3rd.
Currert Energy Whe the weight of cument energy infrastructure is more than 0197,
Infrastruciure [0.015,0.197] | natural ga will surpass nuclear energy to becomethe3rd insteal of the
4th.When the weight of curent energy infrastructure changes within
the range from0.015 to 0.197  the ranks of the energy altematives
remain the sarme.
Whe the weight of price is more than 0.615, nudear energy will
. surpass coal tobecome the 2nd irstead of the 3rd. When he weight of
Price [0,0.615] . o
price changes within therange from0 to 0.615 the ranks oftheenegy
altematives remain the same.
Whe the weight of safety is more than 0.531, natural gas will surpass
Safety [0,0.53]] nudlear energy to become the 3rd instead of the 4th. W hen the weicht
of safety changes within the range from0 to 0.531  theranks of the
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energy altematives remain thesarme.

Whe the wdghts of environmental impacts are nore than 0277,
Environmental [0,0277] nuclear energy will sumass coal © bewme the 2nd instead ofthe 3.
Impads w Whe the weights of environmental inpacts change within the range

from0 to 0.277 the ranks ofthe energy altematives remain thesame

Whe the weights of social impacts are nore than 0.518, coal will

. surpass renewable ene a to become the 1st instead of the 2nd.
Social I mpacts [0,0.518] P ) rg_y g_ .
Whe the weights of social impacts changewithin the range from 0 to

0.518 theraks oftheenergy akernaives remain the sane.

8. Conclusion and Recomme ndation

This research about energy selection ofChina disclosed that Chinese people have redized
tha renewable energy will become the most desirableenergy resourcein the fuure. Cod will be
amajor energy resourcein Chinabecauseits abundant reservein China Chinashould deploy the
clean mal technology to eliminate the envionmentd impacts brought by cod produdion and
corsumption. Nuclear energy will be devdoped in China because its economic and dean
feaures. While, since chinais lack of uranium, the new technd ogy using thorium & the nuclear
fud, which is rich in Ching, should be developed. Petroleum is the last in the prefeene of
Chinese people. Thecorsumption ofpetroleum and naurd gaswill relay ontheimportmoreand
more in the future. If the new techrology doesn’t emerge in the recent years, Chinawill face
tough situaions with theladk of petroleum. So the R&D of the technologies for thesubstitute of
petroleum will become ahot field.

The preference of C hinese peaple also reflect that the contrast between theidea and the
redity. The sensitivity analysis reflect that the most critical aiterion in the energy selection is
currentenergy infrastructure. Now it mostly infl uences the attitude o fC hinese people to nuclear
energy. Thepresent energy production and consumption infrastrudure need to be changed in the
future because the lack of fossil fuels and the negdive environmental impects of them. The
energy preference of C hinese people can’t bereali zed unless the energytechnologies and energy
infastructure make big progress.

9. Discussion about the Decision Making Concerning
the Availability of Energy Alternative s

In the research we have found out the exploitable and proved reserves of China and the
proved reserve of the world about coal, peroleum, natural gas, nudear fuds and renewable
energy resources. Assuming that the corsumption remains the same in the future we cl cul ated
sudaining time of the five energy alternaives mentioned. We use the sustaining time of
exploitableand proved reserves to represent the availability ofthe energy alternati ves.

While time passes, the reserves ofthe fossil fuds decrease but the reserves of renewable
energy resources remain the same. Wha will be the decision of the Chinese people faced with
thedecrease o fthe fossil fuds in10 or 20y ears? We consider the problem by assuming that only
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theaval ability ofthe energyresouraes changes with time while theother parts ofthe model used
in the research remain the same.

Inthe part6 ofthepaper we have alculated the relaive utility vdueofthe sustainingtime
ofcoal, petroleum, natural gas, nuclear energy and renewable energy by exploitable reserves and
proved reserves ofChina andproved reserves of worldusing the survey questionnaire which was
filled by 12 experts and pairwise comparison.

Since we already have the reldive utility value for the sustaning years, we can infer the
utility of sustaining years in the future by calaulation. If we getthereldivevalue fortheutility of
availahility of different energy resources after 10 or 20 years and then we change the figures
concerned in Tab. 20 to cdculate the results, we will know about the preference of energy
resource alternaives o fChinese people in 10 or 20 y ears.

Table 25 T heSudaining Timeandthe Utility Value (UV)

Coal Petrole | Natural | Nuclear | Renewa
um Gas Erergy | -ble

Sustaining Time by Exploitable | Years 4439 6.01 46.06 77.58 | Infinite
Reserves of China w 0.05 0.01 0.05 0.07 0.82
Sustaining Time by Proved | Years | 38856 53.35 69.84 1000 | Infinite
Reserves of China w 011 0.04 0.04 0.29 052
Sustaining Time by Proved | Years 2%.2 42.38 6367 234 | Infinite
Reserves of world w 015 0.03 0.04 0.15 0.64

We cambine the result fromthe pai iwise comparison andthe sustaining years ofthe energy
alterndives into Tab. 25 and depict the actud daa into a xy scatter chart. Then by using linear
regression, simply adding the liner trend line, we formdize a liner equation between the four
energy alternatives including cod, petroleum, natural gas and nuclear energy. Renewable energy
was not induded in the cal culation due toits infinite usagenature.
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Figure 9 The Linear Regressions between Utility Vdue and Sustaning Time

Then we can cal culate the utility forthe avail ability ofthe5 energy alterngivesof5, 10and
20 years laer according to the 3 regression equaion. While, the utility value of the renewable
energy resourceremainsthesame because the availability of renewable energy resources remain
as infinite. We list the normalized utility valueofthe availability in Tab. 26.

Ifwe use the normalizd utility value of the sustaining time as substitutes to the utility in
origind model as Tab. 20, then we ge the comparisonresults showing the preferene ofChinese
people to the 5 energy altematives of 10, 20 and 50 years later, & shown in Tab. 27. From the
results we can see that thouch the preference for renewable energy resource gees upslightly and
thepreference br naturd ga goes down slightly, the results won’t change dramaticdly within 50
years.
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Table 26 T he Sudai ning Timeandthe Utility Value (UV) of 10, 20, 50 Years L ater

The sustaining time, utility value & normalized utility value of 1L0years later

Coal Petrole | Natural | Nuclear | Renewa
um Gas Erergy | -ble
. . ) Ye 4 7. Infini
Sustaining Time by Exploitable can 3439 0 3606 67.%8 ninite
. w 0.04 0.01 0.04 0.06 0.82
Reserves of China
NUV 0.04 0.01 004 0.06 0.85
Sustaini Ti by Proved Years 37856 43.35 5984 90 | Infinite
R“S a'”'”gfcrzfne y POVl Moy 03[ o0m| oo04| o0x| o052
eserves of-hina NUV 013| 003| 004| 020]| 050
o ) Years 284.2 32.38 5367 224 | Infinite
Sustaining Time by Proved
w 0.15 0.03 0.04 0.12 0.64
Reserves ofworld
NUV 016 0.03 0.04 0.13 0.65
The sustaining time, utility value & normalized utility value of 20years later
Coal Petrole | Natural | Nuclear | Renewa
um Gas Erergy | -ble
Sustaining Ti Esoloitabl Years 24.39 0 26.06 57.58 | Infinite
ustaining Time by Explottable 775 003| oo01| o003| o00| o082
Reserves of China
NUV 0.03 0.01 0.03 0.06 0.87
. . Years 36856 3.35 4984 980 | Infinite
Sustaining Time by Proved
. w 013 0.03 003 0.31 052
Reserves of China
NUV 013 0.03 003 0.31 051
Sustaining Time by Proved Years 274.2 22.38 4367 214 | Infinite
w 0.15 0.02 003 0.12 0.64
Reserves ofworld
NUV 0.15 0.02 0.03 0.12 0.67
The sustaining time, utility value & normalized utility value of 50years later
Coal Petrole | Natural Nuclear | Renewa
um Gas Erergy | -ble
Sustaining Ti Evoloitzb| Years 0 0 0 27.58 | Infinite
ustaining Time by Bxploitable 775 001] oot| oo1] om| o082
Reserves of China
NUV 0.01 0.01 001 0.03 094
Sustaining Time by Proved Years 33856 3.35 1984 950 | Infinite
. w 012 0.02 0.03 0.30 052
Reserves of China
NUV 012 0.02 003 0.31 052
Sustaini Ti bv Proved Years 244.2 0 1367 | 184.00 | Infinite
R“S a'”'”gf '":g y Foved Fov 013| oo01| o002 o010| o064
ESETVES oTwar NUV 015| 0.1 002| o1| o071
Table27 The Comparison Results of 10, 20, 50 Years L aer
Caal | Petroleum | Natural Gas | Nuclear Erergy | Renewable
Present 0.20 0.13 017 0.18 0.33
10yeaslaer| 0.20 0.13 0.16 0.18 0.33
20yeasldaer| 0.20 0.13 0.16 0.18 0.34
50yeaslaer| 0.20 0.13 016 0.18 0.3




10. Discussion about the Price Fluctuation of the

Petroleum

The petroleum price is flucuating largely in the recent decades. We depid scatter diagram
ofthe average comparabl e prices from 1946 to 2008 based on the price 02008 as shown in Fig.
10. The lowest average price is $15.52/bbl which happened in 198, the highest price is
$99.65bbl which occuired in 2008. Because the price of peroleum fluduates so largely, we
hope to find out the how the preference of the energy resources change with the price of
petroleum fluctuating.

The Average onparabl e Prices Based on 2008
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Figure 10 The Fluctuati on ofPetroleum Price from 1946 to 2008
We can calculae that 1bbl petrd eum provide 1699.82kwh heat. If we calaulate theprice by
the hea vduein per kilowat hour and assume that the exchange rate beween US Dollar and
RMB Yuanis & 6.9RMB for 1 US$, we will ge theTab. 28 and Tab. 29.
Table 28 The Cal aulation Table for Petroleum Price

TheDescription Price of $US PriccofRMB Price
(per kilowatt hour)
Average (2005~2008) $69.99bbl RMB 48.931/ bl RMB 0.2841/kwh
Upper Limit $9.65bhl RMB 687.585/kbl RMB 0.4045/kwh
Lower Limit $15.52/bhl RMB 107.083/ bbl RMB 0.0630/kwh

Table 29 The Prices of Energy Resources Compared with Coal

Price ofHea Price ofel ectricity Price Comparison
(Times ofCod )

Coal RMB 0.0727/kwh RMB 0.42/kwh 1
Petrol eum RMB 0.281/kwh 391

[0.0630, 0.4045] [0.87, 5.56]
Natural Gas RMB 0.0721/kwh 1
Nuclear Energy RMB 0.393/kwh 094
Renewabl e Energy RMB 0.285/kwh 0.68

Assuming that the utility of cogt is stridly in reverse ratio with the cost itself, if we fix the
prices of wal, natural gas, nudear enegy, renewale enegy and only change the price of
petroleum, we can get the relative utility vdue for the 5 erergy altemaives. We replace the

2€



utility value forprices in Tab. 20. andget theresults represented in Tab. 30. and Tab. 31.
Table 30 TheComparison Results at Lower Limit ofthePrice o fPetroleum

Time of Relative
Coal's Riice Utility Value Pref erence of Ci nese Reod e to the Eergy Resaur ces
Coal 1 0.18 Q390 0:3225
Petroleum | 0.87 020 | 3™
Natural 1 hem
ai 0.1934
Gas 0.18 Q 200 0.16270. 1603 0.1704
0190 F—
Nuclear 0.94
£ 0.19 0100 F—
Nergy 0090 F—
Renewable | 0.68 026 0mo
Energy
Table 31 TheComparison Results at Upper Limit ofthe Price o fPetroleum
Time of Relative
Coal's Riice Uti Iity Value R eference of Chinese Peqpl e to the Hergy Resources
0. 000
Coal 1 0.21 0,500 A w2
Petroleum | 5.56 0.04 0,900
Natural 1
0.21 | |2 [ aam0 o)
Gas 0. 2000 U.T67
Nuclear 0.94 0.500 ==
0.23 | 10100
Energy
0.0600 —
Renewable | 0.68 0.31 0,000
Energy

In order to describe the infuence brought by the fluctuaion of petroleum price we found
the division ofprice lies in $16.53, which means that the rank ofpetrdeum in the preference of
Chinese people will rise to the 4™ when its price is lower than $16.53bbl and the rank of
petroleum will remain a the 5™ whentheprice is higher than $16.53/bbl.




Appendix 1

The Irternational Comparison ofthe Exploitable R eserves of the Man Energy Resources in

2000
Population Coal Petroleum Naturd Gas
(millior) Gross Per Gross Per Gross Per
(billion tons) cyita (billion tong) capita (Trillion cyita
(tons) (tons) Cubic (Cubic
meters) meters)
China 127531 | 114.500 89.80 3.30 2.60 137 | 1074.00
USA 28142 | 246.643 | 876.40 3.70 1310 4.74 | 16843.00
OECD 1120.04 | 447.100 [ 399.20 11.20 1000 1343 | 11991.00
World 605700 [ 984.211 | 16250 | 142.10 2350 150.19 | 24796.00
ChinaWoi d 21.05% | 1163% | 5526% 232% | 11.06% | 0.91% 4.33%
Source: 12000 J .2003 4

2 Yushi Shen, The Research on the Strategy Model of Chinese Energy Devdopment,
doctord dissertation of Liaoning Technical University 2004, p3~30.
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Appendix 2

Survey Questionnaire

On the Decision Making for EnergyResources

Selectionin China

02/20/2009
For Project of ETM530 Course
Ergineering & Technology Management Department
Portland State Univerdty
Irstructor: Dr. Dundar F. Kocagglu
Project Team: Fei Huang, Jiting Yang, Lifeng Liu, Jingyang Zhang, Lugi Huang, Bing Wang

Your Name:

Note: This questionnaireis for the project of*On the Decision Making for Energy Resources
Selection in China”. Forthedetails about the project pl ease check the assistant information given
together with the questionnai re.

31



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low

Objective: Selection of Energy for China

Ciiteria forselectionan enegy dternative:
1.Availability

2.Current Energy Infrastructure

3. Price

4. Safety

5. Environmental Imp acts

6. Social Impacts

1: \eryLow

Please allocate a total 0f100 points to thetable 1, representing your perceived percent about how
many times the reldive importance of one criterion is in compaison to the ather criterion for
selection ofeneagy dternatives for China. Forexample ifyou believe that criterion 1(availahility)
is twice as important as criterion 3 (prie), dlocte 67 paints to (L) and 33 paints to (3) in the
pair 1 vs. 3. Do nat use “0” to your parwise comparisans. If you bdieve that ore element is
compleelyirrelevant incomparison to the other dement of a pair, allocate 1 and 99 respectiwel y.

Tablel

AP P P P P EA P RS P P P S

o |jojlojojo|lb~|lOo|jOIblW|IO|OI|BIWIDN

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Ciiterion: Availability

Sub-criteria

1. Sustaining Timeby Exploitable Reservesof China

2. Sustaining Timeby Proved Reservesof China

3. Sustaining Timeby Proved Reserves of World

4. Easinessfor Importing

5. Technology Maturity

6. ThePresent Annual Production Structure of Energy Resources

Pleaseallocate a total 0f100 points to thetable 2, representing your perceived percent about how
many times the rlative impartance of one sub-<criterion is in comparison to the cther
sub-criterion for theaval ability of energy altematives for China. For example, ifyoubelievethat
sub-criterion 1(sustaning time by exploitable reserve ofChina) is twice asimportart as criterion
3 (sustaining time by proved reserves ofword), allocate 67 points to (1) and 33 paints to 3) in
thepair 1 vs. 3. Do notuse “0”to your pairwise comparisons. 1fyou believe that one d ement is
compleelyirrelevant in comparison to the other dement of a pair, allocate 1 and 99 respectiel y.

Table?2
1 V5. 2
1 V5. 3
1 V5. 4
1 V5. 5
1 V5. 6
2 V5. 3
2 V5. 4
2 VA5, 5
2 V5. 6
3 V5. 4
3 \5. 5
3 V5. 6
4 VA5, 5
4 V5. 6
5 V5. 6

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Ciiterion: Current Energy Infrastructure

Sub-criteria
1. Consumption Percentage for Types of Energy Resources of China
2. Consumption Percentage for Types of Energy Resources of World

Pleaseallocate a total 0f100 points to thetable 3, representing your perceived percent about how
many times the rlative impatance of one sub-criterion is in comparison to the cther
sub-criterion far the cumrent energy infrastructure of energy alterndives for China. For example,
ifyou believe that sub-criterfion 1(consumption percentage for types ofenergy resources ofching
is twice as important as criterion 2 (corsumption percentage for types of energy resources of
world), allocate 67 points to (1) and 33 poirts to (2) in the par 1 vs. 3. Do nat use “0” toyour
pairwise compaisons. If you bdieve tha one element is completdy imelevant in comparison to
theother element ofa pair, allocae 1 and 99 respectively.
Table3
1 \5. 2

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Ciiterion: EnvironmentImpacts

Sub-criteria

1. Air Pollution

2. Water Pollution
3. Land Disruption

Pleaseallocate a total 0f100 points to thetable 4, representing your perceived percent about how
many times the rlative impatance of one sub-criterion is in comparison to the other
sub-criterion far the cumrent energy infrastructure of energy alterndives for China. For example,
ifyou believe that sub-criterion 1(consumption percentage for types ofenergy resources ofching
is twice as important as criterion 2 (consumption percentage for types of energy resources of
world), allocate 67 points to (1) and 33 poirts to (2) in the par 1 vs. 3. Do nat use “0” toyour
pairwise compaisons. If you bdieve tha one element is completdy imelevant in comparison to
theother element ofa pair, dlocae 1 and 99 respectively.

Table4
V5. 2
\5.

2 V5.

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Criterion: Social I mpacts
Sub-criteria

1. Industrial Added Value
2. Employment

3. Price Fluctuation
4.0thers

Pleaseallocate a total 0f100 points to thetable 5, representing your perceived percent about how
many times the rlative importance of one sub-<criterion is in comparison to the cther
sub-criterion for thesodal impacts of energy alternatives for China. For example, if you bdieve
tha sub-criterion 1 (indwstrid added value) istwice asimportant ascriterion3 (price fluduation),
allocate 67 points to (1)and33 points to(3)in the par 1vs. 3. Do not use* 0”to yourpairwise
compaisors. Ifyoubelievethatone elementis completely irrelevant in comparison to the other
element ofa pair, allocate 1 and 9 respedivey.

Table5
Vs.
Vs
Vs.
Vs,
Vs.
Vs.

WIN NP
AW |WIDN

The Results:
Inconsistency Measure:
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Level of onfidence (Cirdethe appropriate number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Sustaining Time by Exploitable Reserves of China
(Accordingto the tablegiven in the questionnai re assistant information)

Erergy Altematives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Pleaseallocate a total 0f100 points to thetable 6, representing your perceived percent about how
many times the relative utility of one energy alterndive is in compaison to the othe energy
alterndive for the sub-criterion of “sustaining time by exploitable reserves of china” in China
The longer the sudtaining time is, the more percentage shoud be given. For example, if you
believe tha energy altemative 1(coal) is twice as better as energy dternative 3 (natural gas),
allocate 67 points to (1)and33 poirtsto (3)in the par 1vs. 3. Do not use* 0”to yourpairwise
compaiisors. Ifyoubelievethatone elementis completely irrelevant in compaison to the other
element ofa pair, allocate 1 and 99 respectivd y.

Table6
1 V5. 2
1 V5. 3
1 V5. 4
1 V. 5
2 \s. 3
2 \A. 4
2 V5. 5
3 V5. 4
3 \5. 5
4 V5. 5

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Sustaining Time by Proved Reserves of China
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Pleaseallocate a total 0f100 points to thetable 7, representing your perceived percent about how
many times the relative utility of one energy alterndive is in compaison to the othe energy
alterndive for the sub-criterion of “sustaining time by proved reserves of ching” in China. The
longer the sustaining time is, the more percentage should be given. For exanple, if you
believe tha energy altemative 1(coal) is twice as better as energy dternative 3 (natural gas),
allocate 67 points to (1)and33 poirts to (3)in the par 1vs. 3. Do not use* 0”to yourpairwise
compaiisors. Ifyoubelievethatone elementis completely irrelevant in compaison to the other
element ofa pair, allocate 1 and 99 respectivd y.

Table7
1 \5. 2
1 \5. 3
1 \5. 4
1 \5. 5
2 \5. 3
2 \A. 4
2 \5. 5
3 \A. 4
3 \5. 5
4 \5. 5

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Sustaining Time by Proved Reserves of World
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Pleaseallocate a total 0f100 points to thetable 8, representing your perceived percent about how
many times the relative utility of one energy alterndive is in compaison to the othe energy
alterndive for the sub-criterion of “sustaining time by proved reserves ofworld” in China. The
longer the sustaining time is, the more percentage should be given. For exanple, if you
believe tha energy altemative 1(coal) is twice as better as energy dternative 3 (natural gas),
allocate 67 points to (1)and33 poirts to (3)in the par 1vs. 3. Do not use* 0”to yourpairwise
compaiisors. Ifyoubelievethatone elementis completely irrelevant in compaison to the other
element ofa pair, allocate 1 and 99 respectivd y.

Table8
1 V5. 2
1 V5. 3
1 V5. 4
1 V5. 5
2 VA5, 3
2 V5. 4
2 VA5, 5
3 V5. 4
3 V5. 5
4 V5. 5

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Easiness for Importing
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Pleaseallocate a total 0f100 points to thetable 9, representing your perceived percent about how
many times the relative utility of one energy alternaive is in compaison to the othe energy
alterndive for the sub-criterion of “easiness for importing” in China. The bigger the times of
world’s production of China’s production is, the more percentage should be given. For
example, if you believe that energy alternative 1(cod) is twice as much & energy alternative 3
(naural gas), allocae 67 points to (1) and 33 points to (3 inthe pairl vs. 3.Do not use “0” to
your pairwise comparisons If you bdieve that one element is completely irrelevant in
comparisonto the other element of apair, allocate1 and 99 respectivel y.

Table9
1 V5. 2
1 VA5, 3
1 V5. 4
1 V5. 5
2 VA, 3
2 V5. 4
2 V5. 5
3 V5. 4
3 V5. 5
4 V5. 5

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Technology Maturity
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

grwdE

Please allocate a total of 100 paints to the table 10, representing your perceived percent about
how manytimes the reldiveutility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “technology maurity” in China The more mature the
technology is, the more percentage should be given. For example, if you bdiewve tha energy
alternaive 1 (caal) is twice & much & energy alternative 3 (naural gas), allocate 67 points to (1)
and 33 points to (3) inthe pair 1 vs. 3. Do not use “0” to your pairwise comparisors. If you
believe tha one element is completely irrelevant in comparison to the other dement of apair,
allocate 1 and 99 respedively.

Table10
1 V5. 2
1 V5. 3
1 V5. 4
1 V5. 5
2 V5. 3
2 VA, 4
2 V5. 5
3 \5s. 4
3 V5. 5
4 V5. 5

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: The Present Annual Production Sructureof Energy Resou rces
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

grwdE

Please allocate a total of 100 paints to the table 11, representing your perceived percent about
how manytimes the reldiveutility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “the present annual production structure of energy
resources” in China The bigger the production percentage of one energy alternative is, the
bigger percentage should be given to this energy alternative. For example, ifyou bdievetha
the pradudion percentage of energy alternative 1(coal) is twie as much & that of energy
alternaive 3 (naura gas), allocae 67 points to (1) and 33 points to(3)in the pair 1 vs. 3. Do nat
use* 0”to your paiwise compaiisors. Ifyou believe that one el ement is completely i rrdevant in
comparisonto the other element of apair, allocate1 and 99 respectivel y.

Table11
1 \%3 2
1 \5. 3
1 \5. 4
1 \As. 5
2 \As. 3
2 \A. 4
2 \A5. 5
3 \5. 4
3 \5. 5
4 \A5. 5

The Results:
Inconsistency Measure:



Level of confidence (Circle the appraopriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Consumption Percentagefor Types of Energy Resources of China
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

grwdE

Please allocate a total of 100 paints to the table 12, representing your perceived percent about
how manytimes the relaiveutility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “consumption percentage for types of energy resources of
China”. The bigger the consumption percentage of one energy altemative is, the bigger
percentage should be given to this energy alternative. For example, if you bdieve tha the
corsumption percentage of energy altemative 1(caal) is twice as much & that of energy
alternaive 3 (naurd gas), allocae 67 pointsto (1) and 33 points to (3)in the par 1vs. 3. Do nat
use*“ 0”to your paiwise compaiisors. Ifyou believe that one el ement is completely i rrdevant in
comparisonto the other element of apair, allocate1 and 99 respectivel y.

Table12
1 \A5. 2
1 \%3 3
1 \A. 4
1 \A5. 5
2 \A. 3
2 \5. 4
2 \A. 5
3 \5. 4
3 \5. 5
4 \A. 5

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Consumption Percentagefor Types of Energy Resources of World
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

gk

Please allocate a total of 100 paints to the table 13, representing your perceived percent about
how manytimes the relaiveutility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “corsumption percentage for types of energy resources of
world”. The bigger the consumption perentage of one energy alternative is, the bigger
percentage should be given to this energy alternative. For example, if you bdieve tha the
corsumption percentage of energy altemative 1(ccal) is twice as much & that of energy
alterndive 3 (naura gas), allocae 67 points to (1) and33points to(3)in the pair 1vs. 3. Do nat
use* 0”to your paimwise compaiisors. Ifyou believe that one el ement is completely i rrdevant in
comparisonto the other element of apair, allocatel and 99 respectivel y.

Table13
1 V5. 2
1 V5. 3
1 V5. 4
1 V5. 5
2 V5. 3
2 V5. 4
2 V5. 5
3 \5. 4
3 V5. 5
4 V5. 5

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Price
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

grwdE

Please allocate a total of 100 paints to the table 14, representing your perceived percent about
how manytimes the relaiveutility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “price”. The lower the price of one energy aternatiwe is,
thebigger percentage should be given to this energy alternative. For example, if you bdieve
tha theprice ofenergy altemative 1(coal) is hal fofthe price of energyalternative 3 (natural g as),
allocate 67 points to (1)and33 points to(3)in the par 1vs. 3. Do not use* 0”to yourpairwise
compaisors. Ifyoubelievethatone elementis completely irrelevant in comparison to the other
element ofa pair, allocate 1 and 99 respective y.

Table14
1 V5. 2
1 \A. 3
1 \A5. 4
1 \5. 5
2 \A5. 3
2 \5. 4
2 \A. 5
3 %3 4
3 \A. 5
4 \5. 5

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Safety
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

grwdE

Please allocate a total of 100 paints to the table 15, representing your perceived percent about
how manytimes the relaiveutility ofoneenegy alternative isin comparison to theother energy
alternaive for the sub-criterion of “safety”. The safer one energy altemative is, the bigger
percentage should be given to this energy altemative. For example, i fyou believe that energy
alterndive 1(coal) is as twice safe as energy altemative 3 (natural gas), allocate 67 points to (1)
and 33 points to (3) inthe pair 1 vs. 3. Do not use “0” to your pairwise comparisors. If you
believe tha one element is completely irrelevant in comparioon to the other dement of apair,
allocate 1 and 9 respedively.

Table15
1 \5. 2
1 \5. 3
1 \%3 4
1 \A. 5
2 \%3 3
2 \A5. 4
2 \5. 5
3 \A5. 4
3 \As. 5
4 \A5. 5

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appraopriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Air Pollution
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

grwdE

Please allocate a total of 100 paints to the table 16, representing your perceived percent about
how manytimes the relaiveutility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “air pollution”. The lighter the air pollution of one energy
alternativeis, the bigger percentage should be given tothis energy alternative. Forexample
if you believe that the air pollution of energy alternative 1(coal) is only half of that of energy
alterndive 3 (naura gas), allocae 67 points to (1) and33points to(3)in the par 1vs. 3. Do not
use* 0”to your paimwise compaiisors. Ifyou believe that one el ement is completely i rrdevant in
comparisonto the other element of a pair, allocate1 and 99 respectively.

Table16
1 \As. 2
1 \5. 3
1 \5. 4
1 \A5. 5
2 \A. 3
2 \5. 4
2 \%3 5
3 \As. 4
3 \s. 5
4 \A. 5

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Water Pollution

Erergyalternatives:

Caal

Petroleum

Natura Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

gk whE

Please allocate a total of 100 paints to the table 17, representing your perceived percent about
how manytimes the relaiveutility ofone energy alternative isin comparison to theother energy
alternaive for the sub-criterion of “water pollution”. The lighter the water pollution of one
energy altemativeis, the bigger percentage should be given to this energy alternative. For
example, if you believe that the water pallution of energy alternative 1(coal) is only hdf of tha
ofenergy dternative 3 (natural gas), all ocate 67 pointsto (1) and 33 paintsto (3) inthepairl vs.
3. Do not use “0” to your pairwise comparisons. If you believe that one dement is completely
irrelevant in comparisonto the other element of apair, allocate 1 and 99 respectively.

Table17
1 \%3 2
1 \5. 3
1 \5. 4
1 \5. 5
2 \As. 3
2 V5. 4
2 \A5. 5
3 \A5. 4
3 \5. 5
4 \%3 5

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Land Disruption
(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Please allocate a total of 100 points to the table 18, representing you perceived percent about
how manytimes the rel aive utility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “land disruption”. The lighter the land disruption of one
energy alternative s, the bigger percentage should be given to this energy altern ative. For
example, if you believe that the land disruption of energy alternative 1(cod) is only hdf of tha
ofenergy dternative 3 (natural gas), all ocate 67 pointsto (1) and 33 pointsto (3) inthepairl vs.
3. Do not wse “0” to yaur pai rwise comparisons. If you believe that one dement is completely
irrelevant in comparisonto the other element of apair, allocate 1 and 99 respectively.

Table18
1 \5. 2
1 \A5. 3
1 \As. 4
1 \5. 5
2 \5. 3
2 \5. 4
2 \A5. 5
3 \A5. 4
3 \%3 5
4 \5. 5

The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Industria Added Value
(According to the table given in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Please allocate a total of 100 points to the table 19, representing you perceived percent about
how manytimes the rel aive utility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “industrial added value”. The more the industrial added
value of one energy aternative is, the bigger percentage should be given to this energy
alernative For example, if you bdieve that the industrial added vdue of energy alternative
1(coal) is & twice as that of energy alternative 3 (natural gas), allocae 67 points to (1) and 33
paints to (3) inthe pair1 vs. 3. Do not use “ 0" toyour pairwise comparisors. Ifyoubelievethat
ore element is completdy imelevantin comparison totheother element of a pair, dlocte 1 and
99respectively.

Table19
1 \As. 2
1 \As. 3
1 \A5. 4
1 \5. 5
2 \A5. 3
2 \5. 4
2 \5. 5
3 \%3 4
3 \A. 5
4 \5. 5

The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Employment
(According to the table given in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Please allocate a total of 100 points to the table 20, representing youw perceived percent about
how manytimes the rel aive utility ofone energy alternative isin comparioon to theother energy
alterndive for the sub-criterion of “employment”. The more the employees of one energy
alernativeis, the bigger percentage should be given tothis energy alternative. Forexample
if you believe that the employees of energy alternaive 1(coal) is & twice as that of energy
alternaive 3 (naurd gas), allocae 67 pointsto (1) and 33 points to (3)in the par 1vs. 3. Do nat
use“ 0”to your paiwise compaisors. Ifyou believe that one el ement is completely i rrdevant in
comparisonto the other element of apair, allocate1 and 99 respectivel .

Table20
Vs,
Vs,
Vs,
Vs,
Vs.
Vs.
Vs,
Vs,
Vs,
Vs
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The Results:
Inconsistency Measure:
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Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Price Fluctuation

(Accordingto the tablegiven in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nucl ear Energy Resources
Renewable Energy Resou rces

agrwdNdE

Please allocate a total of 100 paints to the table 21, representing your perceived percent about
how manytimes the relaiveutility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “price fluctuaion”. The less largdy the fluctuation of the
price of one energy aternative is, the bigger percentage should be given to this energy
alernative For example, ifyou believe that the price ofenemgy dtermative 1 (wal) fluduates as
halflamgely as that of erergy altemative 3 (naural gas), allocate 67 points to (1) and 33 points to
(3)in the pair 1 vs. 3. Do not use “0”to your pairwise comparisons. If you believe that one
element is completdy irrelevant in comparison to the other element of a pair, allocate 1 and 99
respectively
Table21
Vs.
Vs,
Vs.
Vs,
Vs,
Vs.
Vs,
Vs.
Vs,
Vs,
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The Results:
Inconsistency Measure:



Level of confidence (Circle the appropriae number):
5. Vayhigh 4: High 3  Medium 2. Low 1: \ery Low

Sub-criterion: Others
(According to the table given in the questionnai re assistant information)

Erergyalternatives:

Caal

Petroleum

Natural Gas

Nuclear Energy Resources
Renewable Energy Resou rces

g~ wpE

Please allocate a total of 100 points to the table 22, representing you perceived percent about
how manytimes the rel aive utility ofone energy alternative isin comparison to theother energy
alterndive for the sub-criterion of “other sodal impacts”. The better the other sccial impacts
of one energy alternative are, the bigger percentage should be given to this energy
alternative For example, ifyoubelievethat the othersodal impads of energy atemative 1(coal)
are as twice good & that of energy altemative 3 (natural gas), allocate 67 points to (1) and 33
paints to (3) inthe pairl vs. 3. Do not use “ 0" toyour parwise comparisns. Ifyou believetha
ore element is completdy imelevantin comparison totheother element of a pair, dloate 1 and
99respectively.
Table22
Vs.
Vs.
Vs,
Vs.
Vs,
Vs.
Vs.
Vs,
Vs.
Vs,
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The Results:
Inconsistency Measure:
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