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ABSTRACT

Yueyang—Zhuzhou Oil Product Pipeline Transmissianjdet is to replace the
existing oil transportation system, (a mixture védand transportation and waterway
transportation), for achieving a cheaper, morelstabd more reliable oil product
supply. The project is expected to enhance thesmmmnomic development of Hunan
province and the middle China through an adequatxigion and reliable oil
products (gasoline and diesel) by exploiting fuitg indigenous SINOPEC oil
refining factory potential with pipeline transmigsi China’s Petroleum & Chemical
Corporation (SINOPEC.), a state-owned enterpriséhe owner and executor of this
project. SINOPEC requires an assessment of theipdline project, with specific

consideration to social welfare.

In this thesis, a comprehensive cost-benefit arlgsmplemented for the proposed
project of Yueyang-Zhuzhou Oil Product Pipelinensidering all of the members of
society as whole. We focus the project on the $oeedfare aspect as well as the

project's risk resistance capacity.

Chapter 1 states the aim and objective of the YugyEhuzhou oil pipeline
transmission project while introducing Hunan's eesmtonomic environment and the
profile of SINOPEC. The current oil product markietmand and supply are defined.
Because of the current market situation, SINOPE@dtvated to design the pipeline
project. Chapter 1 highlights the necessity of fmeject and shows that the oil
pipeline project may provide cheaper, more stahl® rmore reliable oil products to
the Hunan region with almost null pollution, comgadirto the existing land way
transportation. Arex anteassessment of the project feasibility is hencessary for
SINOPEC.
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Chapter 2 provides a description of the projechnetogic information specifically

and a discussion of the evaluation method. Dateceaare listed in this chapter. The
main evaluation methodology issues involved in tthissis are also discussed in
Chapter 2, such as the cost-benefit analysis, atdndteps, the Monte Carlo

simulation for risk analysis, and so on.

In Chapter 3, we study the financial feasibilitytbé proposed project, to precede for
the cost-benefit analysis of the following chap#lthough the original SINOPEC
financial evaluation report mentions a lot of facef the project, it provided no
computational details about the assessment. Furtrer SINOPEC's financial
evaluation report only concludes that this proje@cceptable before tax. In contrast,
our financial assessment shows that after tax tbpgsed oil pipeline project is not
profitable for SINOPEC.

In Chapter 4, an all-round cost-benefit analysighaf proposed Yueyang-Zhuzhou
Pipeline project is carried out, based on the mststke of Benefit-Cost Analysis
Guide of Canada Treasury Boarth this chapter, there are four steps to the-cost
benefit analysis: data preparation with specificuges on cost and benefit
computation; establishment of the deterministic elpdensitivity analysis with a
comparison with an alternative project. This chagephasizes the shadow price
valuation of the costs and benefits, one of esskdifferences between financial and
economic evaluations of a project. Indeed, thenftnel assessment always uses
market prices even in the presence of market dists. We use the willing-to-pay
approach together with the competitive use oppdstucost for the valuation of
project-used lands. We find that the economic nesgnt value (121.05 million Yuan)
of the project is positive and that the economierimal rate of return (12.39%) is
higher than the society expected rate of returr?d)10 Both of the two principal
criteria indicate that the proposed project is ewoically desirable, although the

project is financially unprofitable according to &iter 3. We also find that the
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alternative project based on tank train transporiats undesirable since its economic

net present value is negative. The pipeline projectherefore socially optimal,
provided that it is fairly risk-resistant.

A systematic and relatively deep investigation isk rprobability analysis is thus
proposed in Chapter 5. In this chapter, we perfarrisk analysis of the oil pipeline
project using the Monte Carlo method, which dynaitycsimulates each risk factor,
in order to quantify and evaluate the potentiak rigf this project. First, the
probability distributions of the main risk factofer the project are determined
mathematically. These risk factors are transpanagjuantity, running cost and social
discount rate. A pseudorandom number generataetisis for each risk probability
distribution using MS EXCEL. Large amounts MP\s are then sampled with our
pseudorandom number generators. Finally, theteeau statistically analyzed. Our
results suggest that the pipeline project is gugk resistant and its economic net
present value is likely between 179.48 and 191.8Bom Yuan. Together with the
conclusion of Chapter 4, this yields our global dasion that the pipeline project is

the optimal choice for the society.

In short, this thesis evaluates the Yueyang-Zhuzi@ili Products Pipeline
Transmission Project comprehensively and compldiesn both financial, social-
welfare and risk perspective. It provides a asses$ of project feasibility to
SINOPEC and draws additional lessons of experietc€BA and risk analysis to

guide future studies in similar areas.



INTRODUCTION

By volume, petroleum is primarily used for produgiinel oil and gasoline (petrol), both
important "primary energy" sources (Kenneth, 20Q&je to its high energy density, easy
transportability and relative abundance, it hasobee the world's most important source
of energy since the mid-1950s. As “Black Gold” @ldod of Industry”, oil products
have a key role in world economic development agmpfe’s livelihood. Consumption is

currently around 84 million barrels per day, or#lion barrels per year (John, 2006).

As a pillar industry in the national economy, thieirta petroleum industry is a focus of
competition. China's oil imports doubled over tlastpfive years and surged nearly 40%
in the first half of 2004 alone. These increasadted the mainland ahead of Japan and
into second place among the world's biggest oikaarers, behind the United States of
America. Thanks to the oil price hike, China’s rpetum industry achieved steady
growth in both output and sales revenue, with eswemger international competitiveness.
On December 11, 2006, China opened its produchaiket, and the transition period for
China petroleum and petrochemical industry after\rO entry came to an end. In the
past five years, China’s petroleum and petrochdmmdcastry has experienced immense,
profound andIRR eversible changes in the internal and external |dpuaent
environment, the industry development and marketagson. China’s petroleum and
petrochemical market has opened up, diverse malksers have emerged, and the

government regulatory system has improved.

As the market continues to open up, China’s patraland petrochemical industry will
experience further development. Through reform amorganization, China’s state-
owned petroleum and petrochemical enterprises ascBINOPEC are growing in size
and strength. The Chinese economy is in a pericteady rapid development, with a
soaring demand for oil products. By 2010, Chirdesnand for gasoline, kerosene and
diesel oil is expected to hit 185 million to 189Iman tons (Cheng, 2005).



However, while the outlook of China’s oil producti@nd operation in the industry is
favorable, on the whole, it still lags behind fagrmilevels. In the future, China's
petroleum security will face a relatively grim sition. First, petroleum consumption
ushers in a period of comparatively rapid growtightbil price could become one of the
major constraints to China's economic growth. Isvwaedicted that, by 2020, China's
annual consumption of petroleum would increase tyaeerage of 3 percent (Cheng,
2005), the output of crude oil would undergo stegibwth, and the volume of petroleum

import would grow on a yearly basis.

Secondly, with the booming urbanization process tad ever-improving standard of
living of the nation, the consumption of petroleand petrochemical products will grow
by a large margin, setting higher and higher reguents for the quality and variety of
products. At present, the demands in the refinégriduct market are booming, and
refining plants are running in full capacity. Alhé major petroleum companies are
making great efforts to increase the supply andityuaf petroleum products, yet there

are also times when local short supply occurs émtlarket.

Recently, experts have become very concerned dblmng's energy supply. As pointed
out by Chinese Premier Wen Jiabao in the Governménk Report, the strains on coal,
electricity, oil and transportation must be givaghhattention.In face of the soaring

consumption demands for petroleum and petrochenpoadlucts, China's petroleum

industry will face a series of opportunities andldnges.

In order to tackle these future opportunities ahdllenges, the Chinese government
plans to develop the known hydrocarbon-bearingctiras; to provide a vehicle for
introducing modern technology; and to upgrade therating, technical, and managerial
skills of China's oil industry personnel. Currgntteveral huge and important projects
are underway, such as Southwest Oil Product Pegdlimal Operation, the Sino-Kazakh
natural gas pipelines transmission project and @octson of Qingdao 10 million tpa
Refining Project Started. As another example, theyéang-Zhuzhou oil product pipeline

transmission project also is on the way as keyegtaf SINOPEC in middle China.



This thesis aims to perform an integrated costiteaealysis on the Yueyang-Zhuzhou
oil product pipeline transmission project to evatuthe project feasibility from a social
welfare perspective. Several concepts, such astisggsanalysis and risk analysis, were

emphasized in the thesis.



CHAPTER 1

PROJECT JUSTIFICATION

1.1 Current Situation Overview

1.1.1 Project Objective

The objective of “Yueyang-ZhuzhotDil Pipeline Transmission Project is to extend the
oil products, gasoline and diesel, of the Chinardhaim and Chemical Corporation
(SINOPEC) Hunan Branch from the SINOPEC oil refgnfactory, located in Yueyang in
the north of the Hunan province, to the SINOPEC816.0il depot in Zhuzhou city. This

is one of the largest exchange stations regiotissoMiddle China railway system.

HUBEI Yueyang

/| Oil Refinery Factory

»| Oil Pipeline, 274Km

CHONGQING

» Terminal: No. 815 Oil Depot

§ Changsha
y Xiangtan
g Lannshuuin:n e @ Frovincial capital
o == Major road
®5haoyang Major river
— Provincial border

Hangymgqx == National border

®Wugang

@ Leiyang
®Yongzhou

® Daojiang

Figure 1 Oil Pipeline Path Map

! Yueyang and Zhuzhou are key cites of Hunan preyitucated in northern Hunan and middle Hunan.



The goal of the project is to enhance the socioecuc status of Hunan province and
the Middle China through a more adequate and feliaibproducts (gasoline and diesel).
This will be accomplished by fully exploiting thadigenous SINOPEC oil refining
factory potential through pipeline transmissionrdtgh the pipeline, inexpensive and

reliable oil products will be consistently providexthe Hunan region.

1.1.2 Background and Economic Context

Hunan is an agro-province of China, located inrthddle reaches of the Yangtze River
and south of Lake Dongting. Hunan has a devele@gedomy, convenient transportation
system, a robust market demand, and an advantageat®n, as it acts as an important
connection between developed eastern provincesdameloping western provinces of
China. With a population of about 66 million in $amber 2000 (National Bureau of
Statistic of China [NBSC], 2001), Hunan is the sgliemost highly populated province
in China. Since the 1980's, China’s economic pedicreform has deeply influenced
Hunan. Statistics show that the average annual throste of GDP of Hunan has been
8% or more over the last two decades (NBSC, 208¢&jording to a professional forecast,

this roaring economic growth rate will likely comtie for decades (Wu, 2000).

The economic growth in Hunan directly drives thevgh of the transportation industry,
especially in road transportation. There is a lanigé complicated road transport network
in Hunan, which consists mainly of 11 national lglys and 73 provincial highways. In
Dec. 2003, the total expanse of highway in Hunaa @axger 1000 Km (NBSC, 2004). In
addition, this economic growth also results in @axgh of the vehicle industry and private
vehicles. This growth has directly led to an ims®d demand for oil products (gasoline

and diesel) in this region over the last ten years.

1.1.3 Profile of SINOPEC

Public oil production, generation, transmission amidtribution in China are the
responsibility of a few large state-owned companigsch as China Petroleum &
Chemical Corporation (SINOPEC.) and Petro-China @amy.



SINOPEC is an integrated energy and chemical cogpliés business scope mainly
covers oil and gas exploration, development, prodncand marketing; oil refining;
production and other petrochemical products; seegl pipeline transportation of crude
oil and natural gas; refined oil products, petrocizals and other commodities and
technologies (Zhang, 2006). In China, SINOPEC e&sl#rgest producer and supplier of
oil products and major petrochemical products.sltalso the 2nd largest crude oil
producer. By the end of 2005, the Company’s renthjpr®ved recoverable oil reserve
was 3294 mmbbfsand its proved recoverable natural gas reserve?@ss.7 bct (Zhang,
2006).

SINOPEC Hunan Oil Product Company is one of thall@ranches of SINOPEC and
also is Hunan’'s largest oil products producer aogpber. The Hunan market of
SINOPEC Corp. is full of potential. The Companyysla dominant role and has an ever-
growing impact in its Hunan market. Statistics shinat, in 2004, the total provincial
sales volume of refined oil products reached 3.78om tons, representing an increase
of 15.8% over the previous year. It accounted 5% or so of the Hunan provincial
total consumption (Development Planning DepartmantSinopec Hunan [DPDSH],
2005).

The refined oil products resource, which was soldSBNOPEC Hunan branch, were

mainly supplied by SINOPEC oil refining factory @yang) -- Hunan’s only petroleum

refiner and oil products producer located in Yueyaity of the north Hunan area. By

end 2004, the factory’s total refined oil produstgput reached 3.65 million tons per year
(DPDSH, 2005) and supplied SINOPEC (Hunan)'s otdocts sales of 65.2%. The

SINOPEC plans to increase the refined oil prodoctput to 7.31million tons per year

around 2010 (NBSC, 2005).

2 mmbbl stands for million barrels, a unit oftendi$er volumes of oil reserves. 1 MMbbl is equak®
million U.S. gallons or 158.99 million litres.
3 Billion cubic foot, is used in the oil and gas urstry.



1.2 Market Demand

1.2.1 Overview of Hunan’s Economy

Hunan is a traditional agricultural province. Itas important center of rice production,
as well as tea cultivation. This province is nofiedits stibnite mines, and also is one of
the major centers of antimony extraction in Chisance more than 20 years, the
economy in Hunan has harvested brilliant achievesaén 2004, Hunan’s nominal GDP
was RMB 561.217 billions Yughand the contribution proportions of the primary,
secondary, tertiary industry were 20.6%, 39.5%9%9(NBSC, 2005), respectively. In
the same year, the per capita GDP of Hunan ProwiaseRMB 9117, which was ranked
twelfth of all thirty-four provinces, autonomousggrens, municipalities directly under the
central government, and special administrationomgiof China. From 1999 to 2004,

Hunan’s GDP grew at an average rate of 12.1% pat @8 illustrated in Figure 2.

(Based on price level of 1998)
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Figure 2 Hunan Real GDP (1999—2004)

1.2.2 Composition of Hunan’s Oil Product Consumptia

Hunan’s oil product consumption consists mainlyoofr parts:

1. Transport oil consumption of vehicles and ship

2. Agricultural oil consumption. As Hunan is one die largest agricultural

* Renminbi is the official currency of the PeopRE&public of China (PRC), whose principal unit ie th
Yuan.



provinces, agro-machines are widely used and reguiarge quantity of diesel;

3. Industrial consumption. While the industriakegy consumption in Hunan is mainly
composed of coal, there are a number of factosesou as their main energy.

4. Family consumption. With the Sino-Kazakh natugas pipelines linking up the
entire project commercialization operations, ndtgies as the chief energy source
instead of oil products. This clearer and steagisource will partly replace some of

the consumption of the power plant, in which eletr was generated.

In summary, Hunan’s consumption of oil products esmprimarily from the

transportation industry, including water carriagel @ad transportation.

1.2.3 Relationships of GDP, RNA and Demand for ORProducts

Economic growth directly promotes the developmdnibgistics and the transportation
industry, especially the highway transportationtdAimdustries have made great progress
in that vehicles are getting into ordinary Chinbseseholds more and more rapidly. The
registered number of automobilesRNA  has increased enormously over last five
years. Figure 3 shows the average annual growtd odt registered number of
automobiles in Hunan from 1999—2004 (NBSC, 200%)e RNA in Hunan increased
linearly with the GDP. As the RNA increased, tleenéind for oil products also rose; thus,

there a positive linear relationship also existsveen GDP and demand for oil products.
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Figure 3 Relationship of GDP, RNA and Oil Product Sales



1.2.4 Current Situation and Demand Forecast

Data show their oil product consumption of Hunarswaaound 300 million tons before
2002 and average annual consumed growth rate werer Ithan 4% (NBSC, 2005).

Based on nominal GDP growth rate and demand groatth for oil product in the last

four years, SINOPEC estimated the price elastwmitgil product consumption in Hunan.
Their estimated elasticity coefficient is betweeb~0.6 (DPDSH, 2005). Thus the oll
product demand in Hunan is quite inelastic. Throkglowing the price elasticity of

demand, it is possible for us to forecast the demaoil products in Hunan for the

period from 2007 to 2016. One will see in Chagt@rthat Hunan oil product demand is
anticipated to be 729 million tons in 2016.

1.3 Market Supply

1.3.1 Resource Analysis

Oil product consumption in Hunan Province was maiptovided by the SINOPEC
Hunan branch. In 2004, the SINOPEC Hunan brandi&sssaccounted for 92.5% of the
province’s total consumption volume (DPDSH, 200®&)jch means that other oil product

companies only have a small share of the markiduiman.

The oil products resources of SINOPEC Hunan brameimly came from SINOPEC
Yueyang refining factory, which was the only refnén Hunan province. In 2004, the
SINOPEC Hunan’s sales volume of refined oil produstached 3.718 million tons,
2.422 million tons of which from Yueyang refinergcaunt for 65.2% of the total sales
volume (Wu, 2006). The other 34.8%, called the slger resource, of Hunan market was

provided by another province’s olil refinery.

Before 2004, SINOPEC Yueyang refining factory’satobutput reached approximately
3.00 million tons per year. Since 2004, Yueyandnezf/ has raised their annual oll
production to 3.65 million tons by reloading witlechnologies (DPDSH, 2005).
According to the “Eleventh Five Year Plan” of SINE®, Yueyang refinery’s annual oll
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production will increase to 7.31 million tons befd2010 (Sinopec Strategic Committee,
2005).

1.3.2 Market Balance

According to the SINOPEC annual report (DPDSH, 20@% total refined oil product

output of Yueyang refinery will reach 3.65 millidans (t) in 2007, and will increase to
7.31million tons per year after 2010. By 2007, tit@l provincial sales volume of refined
oil products reached 4.5 million tons. It willeiso 5.21 million tons in 2010 and to 6.78
million tons by 2016.

We can therefore get the market balance betweeramHwociety consumption and
SINOPEC sales, as shown in table 4, chapter 2.nféket balance indicated is if the
total Yueyang refining factory’s refined oil produsutput was totally distributed to the
SINOPEC Hunan branch. The gasoline resource cfillithe demand of SINOPEC
Hunan around 2006, but diesel will need to be tabdiged from other provinces. Around
2010, the oil product resources from Yueyang refineill fill all the oil product
demands of SINOPEC Hunan, and the surplus on gasalind diesel will be high.
Around 2015, the oil product resources from thenesl will fill all the oil product
demands of SINOPEC Hunan, and there will be a smaflus of gasoline and diesel.
Around 2016, the gasoline resource will still gettera small surplus, but there will be a

shortage in diesel resource.

1.4 Problems and Opportunities

1.4.1 Current Oil Transmission Situation and Problens

At the time of appraisal of the Oil Pipeline Transsion Project (OPTP), the most
important way of oil product transportation in Hanaas tank trains, which transported
87% of the oil products in Hunan (NBSC, 2004). Canag with the oil pipeline, the tank

train was relatively unsafe, unreliable, inadequaie expensive.

SINOPEC is therefore motivated to meet the contisiyoincreasing energy needs of the
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population in the Hunan region with the Yueyang-Ztimu Oil Product Pipeline. This
project is expected to lower the dependence orwagil transportation, which is

anticipated in turn to reduce the rate of costawitltion, and increase safety.

1.4.2 Advantages of the Pipeline
Compared to the current transmission ways for eddpct, pipeline transmission
universally used all over the world has the follovadvantages:
It is easier for organizing the process of transmis and safe than railway
transmission.
The total investment of pipeline project is noty&arge, but the carryings of
pipeline are much more than that of railway. Thestgoof a pipeline
transmission are much lower because of its higfimiency, with automatic
transmission with only a small amount of human tabo
Pipeline is an obscuration way of transmission,tlsere are not carrier
shortages in transmission process. It is also tbetbe surrounding
environment and ecosystem protection.
Pipeline transmission is hardly affected by out®dgironment and is highly
safe. It can be an all-weather transmission way.
As important part of multi-transmission plan 8NNOPEC, the project of
pipeline has a short construction cycle. It is idea achieving the goal of

developing the economy in the short term.

In short, the oil pipeline can provide cheaper, ensiable and more reliable oil products
to the Hunan region with almost null pollution, goaned with the existing land way

transportations.
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CHAPTER 2

PROJECT DESCRIPTION AND EVALUATION METHODOLOGY

2.1 General Information about the Project

The planned total investment budget of the Yueyahgzhou Oil Product Pipeline
construction project is 714 million Yuan RMB, wighforeign exchange component of US
6.15 million. The total length reaches 274 km frBMNOPEC Yueyang Refinery to Oil
Depots N0.815 in Zhuzhou region. Its designed makimnmnual transmission capacity is
5.6 million tons, which will be achieved in 2016pstby step. In 2007, the designed
transport capacity is 3.69 million tons; in 2010will be 4.3 million tons. Gradually, its
designed transport capacity will reach 5.6 millions in 2016 (Production Management
Department of Sinopec Hunan [PMDSH], 2006).

The pipeline transports two types of oil produgiasoline (#90, #93) and diesel (#0, #-
10). The planned pipeline construction period isnddhths and its designed project life
cycle is 20 years (2007 to 2026).

Transmission Capacity (million tons)

2007 2010 2016 2026 Time

Figure 4 Project Life Cycle
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The total project construction cost is 694 milliaan RMB 30% of which will be
funded by SINOPEC and the remaining 70% by the &Il@onstruction Bank (CCB).
The annual interest rate of the loan 6.12%, whschni fact, the declared long-term loan
interest rate (of at least five years) set by then& Central Bank (PMDSH, 2006).

2.2 Project Key Data

Production Management Department of Sinopec HuB806) provides the Key data in

their Annual Report (2005). Table 1 summarizestthal market demands from 2003 to

2016. The unit is million tons. The growth rates expressed in percentage.

Table 1 Current Situation and Forecast of Demand for QaldRcts Unit: million tong)

Sort 2003 | 2004 | 2005] 2007] 2014 201p 2015 2016
Society | 1987 | 130 | 139| 1554 18d 196l 2244 2347
Consumption
Diesel Growth Rate 9.6 12 6.8 5.1 5 4.1 4.5 46
S'ggZSEC 1104 | 120.9| 201| 1452 168l0 1833 2092 218.6
Growth Rate 12 9.5 6.8 5.2 5 4.4 4.5 4b
Sociely | o585 | 2735 201| 3264 374 4128 am a9p2
Consumption
Gasoline | Growth Rate| 9.7 199 6238 5.2 5 44  4b 45
S'ggESEC 2145 | 2545 272| 3045 353 3849 4392 459
Growth Rate| 105| 18.6 6.8 5.0 5. 2k 4B 45
Society | 5459 | 4035 430| 482] 554 6097 6934 726.9
Consumption
Growth Rate| 9.7 172 6.8 5.0 5 4% 45 45
Total S'ggstc 3248 | 376| 401| 4497 521 5682 6494 6776
Growth Rate 11 15 6.8 5.1 5 4.4 4%  4b
Percentage of A 3
Market Shar 937 | 925 932| 933 932 93p 93P 932
Table 2 shows the market demands that SINPOEC fem®s2003 to 2016.
Table 2 Forecast of SINOPEC Sales in Hunani{ million tons)
SINOPEC Sales| 2003 2004] 2005 200F 200 2012 2005 1620
Gasoline 1104 | 1209| 291| 1452 168)p B 2092 2186
Diesel 2145 | 2545| 272| 3048 353  384H  439)2 459
Total 324.8 376 401 | 44971 521 5682 648l4 6776
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Table 3 report the production ability of YueyangfiRery of SINPOEC from 2000 to

2016.
Table 3 Annual Production of Yueyang Refinemynt: million tong)

2000 2001 2002 2003 2004 200y 2010 20[L6

Gasoline| 120.3 108.4 115.6 123.3 129.5 144 258 258
Diesel 214.5 191.9 187.6 179.3 239.9 22( 478 473
Total 334.8 300.3 303.2 302.6 369.4 364 731 731

In Table 4, a forecast of the future market balaiscdisplayed. “Outside distribution”
means the oil products resource to be distributeth foutside the Hunan province;
“Resource” means the oil products resource to berilbuted by the Yueyang refinery;
“SINOPEC sales” means the market sale demand oDBEC, and “Market balance” is
defined as the difference between the oil prodsate demanded and the oil products

resource supplied.

Table 4 Forecast of Market Balance (2007-2016) (Umitlion tong

Outside SINOPEC Market
Year Sorts Resource
Distribute Sales Balance
Gasoline 4 145 149 0
2007 _
Diesel 17 220 331 -94
Gasoline 0 258 173 85
2008 :
Diesel 0 473 381 92
Gasoline 0 258 188 70
2010
Diesel 0 473 413 60
Gasoline 0 258 214 44
2012 :
Diesel 0 473 467 6
Gasoline 0 258 224 34
2016 :
Diesel 14 473 487 0

Table 5 deals with the project financing arrangeingata. “Initial investment” consists of
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the pipeline construction cost, intangible asset and the deferred assets cost (including
project consultation cost, the project insurancgt emd the safety appraisement cost and
so on). It also includes the physical contingeattgwance, estimated at 10% in the
appraisal, given the nature of the terrain overcWwhhe transmission pipeline was to be
constructed, and the potential for variation of ramaterial's price and technical
specifications. “Construction period interest” wadculated with the interest rate of the

long term bank loan set at 6.12%.

Table 5Project Estimated Investments and Financing Arrareyg

(Unit: million Yuan)

Construction . .
Period Operation Period
1 2 3—21
1 Total investment 714.96 709.53 5.43
1.1 | Initial investment 694.65 694.65
1. | Construction 14.88 14.88
period interest

1.3 Current capital 5.43 5.43
2 Total funds 714.96

Interest rate of the long term bank loan|is
2.1 | Form SINOPEC 213.82

6.12%.

2.2 | Form Bank Loan 501.14

There are several basic published by the NationafieBsion Standard Committee. The
details are shown in table 6. The “Benchmark Rdtd&keturn” is considered as the
minimum expected benefit rate of the company iaricial evaluation. Transmission loss

rate means the percentage of oil products losip@elipe transmission.



Table 6 Key Financial Performance Indicators

Energy and Power

RMB 0.65/kWh

Man Power Expenses

30,000/year

Asset Depreciation Rate

General depreciation rate is 5%,
Salvage value rate is 0%

Amortization of Intangible Asset

10 years

Amortization of Deferred Asset

5 years

Fixed and Repaired Fee

30% of asset depreciation

Benchmark Rate of Return 12%
Benchmark Investment Recovery Period 10 years
Transmission Loss Rate 0.1%
Sales Tax Rate 3%
Income Tax Rate 33%

appraisement cost.

Table 7 Estimated Initial Investment and Total Investmdntlois Project

Iltems Estimated Cost ( million Yuan)
Construction Investment 694.65
Construction Cost 581.56
Intangible Asset 30.32
Deferred assets cost 19.62
Contingency provision 63.15
Interest Cost (rate 6.12%) 14.88
CurrentCapital 5.43
Total Investment 714.96
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Table 7 isthe Estimated Initial Investment and Total InvestméConstruction cost”

consists of the pipeline construction cost, thedejpot construction cost and the material
and equipment cost. The “Intangible asset cost’sisbs of the project research cost, the
reconnaissance of pipeline poison cost and theegirdiesign cost. The “Deferred assets

cost” consists of the project consultation cosg, pinoject insurance cost and the safety



Table 8 shows the project running cost, which ésptoject annual variable cost for
operating, not including the fixed cost depreciatio

Table 8 Project Running Cosugit : million Yuar)

Running Energy Salary Repaired Interest Other Running
Period Cost Cost Cost Cost Cost Cost
1 9.87 7.40 9.89 30.97 4.44 62.57
2 11.31 7.40 9.89 28.46 4.44 61.51
3 12.75 7.40 9.89 25.61 4.44 60.09
4 14.19 7.40 9.89 22.41 4.44 58.33
5 15.62 7.40 9.89 18.83 4.44 56.17
6 16.40 7.40 9.89 14.88 4.44 53.01
7 17.22 7.40 9.89 11.26 4.44 50.21
8 18.09 7.40 9.89 7.34 4.44 47.15
9 18.99 7.40 9.89 310 4.44 43.82
10 27.82 7.40 9.89 30 4.44 49.85
11-20 27.82 7.40 9.89 30 4.44 49.85

Table9 is annual sales income, taxes and profignadroject is operating.

Table 9 Sales income, Taxes and Profit indicataisit( million Yuan)

Project Life Cycle Sales Income | Sales Tax| Income Tax| Profits

1 108.12 3.57 0.67 76.51
2 117.70 3.88 4.08 84.66
3 127.38 4.20 7.64 92.9
4 137.50 4.54 11.45 101.59
5 146.77 4.84 15.12 109.44
6 136.70 4.51 14.24 98.57
7 143.35 4.73 17.29 104.4
8 150.13 4.95 20.46 110.31
9 156.96 5.18 23.74 116.24
10 164.43 5.43 24.13 114.88

11-20 164.43 5.43 25.13 114.88
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2.3 Project Information Sources

SINOPEC (Hunan Branch) performed a preliminary eatbn of the proposed project.
Based on the project design report, national andipcial policies, and interviews with
the Bank’s project staff, complemented by the fnggi of the filed mission to China. The

principal dataset used in this thesis is from trediminary evaluation report of SINOPEC.

During the field mission, constructions were mad#hwarious stakeholders such
SINOPEC (the executing Agency) and several othgegonent ministries and agencies.
SINOPEC (Hunan Branch), the major benefactor ofpitogect, provided information on
the socio-economic impact of the project in theioegased on surveys conducted in
2005. The information was also obtained througkdliobservation and participation in
the social setting and from the local newspapers.

2.4 Evaluation Methodology

It is important to mention that the original prelivary evaluation report of SINOPEC
(Hunan Branch) is essentially a financial assessnmeh an economic evaluation. It only
focuses on the profitability of the company, notsmial welfare.

In the present thesis, we want to investigate ttogept economic feasibility from the

point of view of the social planner, whose targeta maximize the total net benefits of
all members of the economy as a whole. This thissi® terms of economic science, a
cost-benefit analysis of the Yueyang-Zhuzhou Odderct Pipeline transmission project,

and here it goes well beyond the simply examinatdfinancial data.

Indeed, a cost-benefit analysis (CBA) is a seteghhiques for project appraisal which
allows to table into account some social welfaggeats. It is the process of weighing the
total expected costs against the total expectedfibeof one or more actions in order to

choose the best or most socially desirable option.
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A set of standard steps for performing a cost-ieaeglysis is listed below, table from
theCanada Treasury Board, Benefit-Cost Analysis G{i&®®8),

1. Examine needs, consider constraints, and fortaulajectives and targets.

2. Define options in a way that enables the andtysbmpare them fairly.

3. Analyze incremental effects and gather data abosts and benefits.

4. Express the cost and benefit data in a validddad unit of measurement.

5. Run the deterministic model: net present vaNR\()

6. Conduct a sensitivity analysis to determine Whiariables appear to have the
most influence on the NPV.

7. Analyze risk by using what is known about thegegs and probabilities of the
costs and benefits values and by simulating exgexitecomes of the investment.
8. Identify the option, which gives the desirakikrbution of income

9. Considering all of the quantitative analysis,vesll as the qualitative analysis

of factors that cannot be expressed in dollars, ereakeasoned recommendation.

This sequence is the preferred approach for stricticost-benefit analysis and so this is

the method we apply in the present thesis.

One of the problems of CBA is that the computattdrmany impacts (positive and/or
negative) of the project is approximate. Howevéheo approached for fail to suggest

measurement. Therefore some basic economic prascgke needed as a guide.

A financial evaluation is also carried out durirgststudy, but only for the purpose of
comparison with the cost-benefit analysis. We engnt a full cost-benefit analysis with
consideration of the project effects on all peoiplolved. However, our focus is the
probability analysis of project risks on the mawaleation criterion, the Net Present
Value (NPV). For this purpose, Monte Carlo simulations of pinmcipal risk factors and

performed.
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Monte Carlo methods are mainly used in mathemadticsolve various problems by
generating suitable random numbers and observeigfithction of the numbers obeying
some property or properties. The method is usefulobtaining numerical solutions to
problems which are too complicated to solve anedyty. More broadly, Monte Carlo

methods are useful for modeling phenomena withifsegmt uncertainty in inputs, such
as the calculation of risk analysis in economicscldssic use is for the evaluation of
definite integrals, particularly multidimensionattegrals with complicated boundary
conditions (Farrar, 1990). The Monte Carlo methegarticularly useful in project risk

analysis when the decision criterion is of a compleonlinear, or non-elementary
functional forms or the criterion involves more nha couple risk factors. A simulation
can typically involve over 10,000 evaluations af thodel, which poses no problem with
today’s computers.

For our risk analysis, the Monte Carlo simulatisnan appropriate choice because the
functional form of the project net present valdbdy) is quite complex and its explicit
probability distribution seems too difficult to bebtained, even if all probability
distributions of risk factors were known. We mudsst determine the probability
distribution of all risk factors using availableformation or researcher’s subjective
judgment. Next, we must estimate the parameterk mibject-specified information.
Finally, we must compute the proje®tPV utilizing the techniques of computer
simulation. Clearly, the determination of risk pabidity distributions, including

estimation of the unknown parameters, is the cfutkie stage.
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CHAPTER 3

PROJECT FINANCIAL EVALUATION

Although the SINOPEC's financial evaluation repmentions most facets of the project,
it provides no computational details about thegegsment. In this chapter, we study the
financial feasibility of the project as a necesgamgparation for the cost-benefit analysis

in the next chapter.

3.1 Project Cash Flows
In a financial feasibility study, the project caflbws must first be identified and

specified.

3.1.1 Project Cash Outflows
Cash outflows are the total expenditures in a gpemod within the project lifetime. For
the current project, the cash outflows includeftie®wing items:

1. Initial construction investment will outflow compédy in the first year.

2. Project current capital cost it will outflow in tlsecond year and the last year of
the project life cycle.

3. Running cost it consists of the energy cost, satasy, repaired cost, interest cost
and other management costs. The project running witlsoutflow from the
second year to the last year of the project lifetim

4. Tax cost it consists of income tax and sales tédwe thx cost will outflow from

the second year to the end.

3.1.2 Project Cash Inflows
The cash inflow is the total annual sales inconeeixed by the project owner in the
given period within the project lifetime. For theopect in question, the cash inflow

comes only from sales income, which depends orsp@mation price. The sales incomes



will inflow from the first running year to the emd the project lifetime.

3.1.3 Project Net Cash Flow

The net cash flow is the difference between caibviis and outflows.

wheret takes 0, 1, 2, ..., 20 for the current project. Thenputed net cash flows are

displayed in table 10 below.

Table 10Net Cash Flows (Unit : million Yuan)

Net cash flow= Cash inflow Cash outflow

Time Cash inflow Cash outflow Net cash flow
0 -694.65 -694.65
1 108.12 -72.25 35.87
2 117.70 -69.47 48.23
3 127.38 -72.04 55.44
4 137.50 -74.31 63.19
5 146.77 -76.14 70.63
6 136.70 71.77 64.93
7 143.35 72.24 71.11
8 150.13 7257 77.56
9 156.96 72.74 84.22
10 164.43 -79.41 85.02
11 164.43 -80.41 84.02
12 164.43 -80.41 84.02
13 164.43 -80.41 84.02
14 164.43 -80.41 84.02
15 164.43 -80.41 84.02
16 164.43 -80.41 84.02
17 164.43 -80.41 84.02
18 164.43 -80.41 84.02
19 164.43 -80.41 84.02
20 169.86 -80.41 89.45

® The inflation factor has been already deal witthia original financial data.
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3.2 Project Profitability

We use the most popular project profitability measmentdNPV andIRR to evaluate this
project on the financial level.

Net Present Valug(NPV) is a standard method for the financial evaluabbfong-term
projects (Baker, 2000). All projects with a pos#tiMPV are considered profitable on
financial level. TheNPVs formula can be written as follows:

T NCF
= @) ’

NPV =, +

wherelp, a negative number, is the initial investméhindicates the last period of the
project lifetime,NCF stands for the net cash flow occurring in petiocaindr represents
the annual rate of return.

The rate of return is referred to as the discoumérest, hurdle rate, or company cost of
capital. Companies frequently use a standard catthé project, as they approximate the
risk of the project to be, on average, the riskhefcompany as a whole. For SINOPEC,
takes a constant value of 12%, according to théoNait Professional Standards (Sinopec
Audit Committee, 1999). More that, r is the reaénest rate.

Using the above table of Net Cash Flows, we olitaMNPV of this project:

NPV =-175.90 million RMB.
With a negative\PV, the proposed project is not financially profieland is ruled out
according to th&lPVRule.

The Internal Rate of Return (IRR) is defined as the discount rate that makes thegro
have a zerd\PV (Baker, 2000).The IRR indicates the rate of return required for the
project to break-even financially. In other wortte cumulative discounted cash inflows
compensate exactly the cash outflows atlBke Hence, thdRR measures the project
ability to recover the investment that has not lgeen recovered during the project

lifecycle. Mathematically, thBRRis the solution to the fractional equation:
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T NCR _
e @)

NPV(r) =1, +

Note that, for all net cash flowsCFK >0 fort 31. This ensures the existence and
uniqueness of the solution to the above equatiorfadt, it is easy to see thdPV is a

strictly decreasing function of

Using the above table of Net Cash Flows, we obtain
IRR=7.77%.

The estimatedRR is smaller than the benchmark rate of return (12PA)s means that
the pipeline project is unprofitable at a finandatel since the investor expects a rate of
return as least as 12%. In summation, the two astidhfinancial indicators are stated in
the following table:

Table 11Estimated Financial Indicators

NPV IRR
(r=12%) (Benchmark Rate of Return = 12%)
-175.90 million < 0 7.77% < 12%

3.3 Financial Sensitivity Analysis

The financial feasibility of this project relies @everal forecasts and assumptions. The
sensitivity analysis is an examination of the intpaaf variations in each input variable
on the project performance. In this section, wd da a sensitivity analysis on each of
the inputs used in financial analysis. For the gathr of the project performance, we
chose théRR, instead oNPV, for our sensitivity analysis. We chose this irada for the

sole reason that we intend to avoid dealing withatige NPV values.

According to the characteristics of the presentpgpeline project and the uncertainty
factor selection methodology of the comparablequtsj, the project mainly involves the
following three uncertainty factors:

“Transportation Price” is the minimum of the ¢prun average total cost in
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this project, or the long-run break-even point. éwling to Yueyang-Zhuzhou
oil pipeline project charter 2006, our project gsa&d used 0.13 Yuan/t.Km as
the oil pipeline transportation price, based ondimgposition that the expected
project IRR reached 12%. Supposing that the transportatiace pgan vary
upward and downward around its estimated value avithnge of 20%, which
is 0.10 1.56 Yuan/t.Km, the calculated corresponding valueslRIR

read as in Table 12-1.

Table 12-1Sensitivity to Transportation Price

Transportation Price IRR
-20% 2.2%
-10% 5.2%
0 7.7%
+10% 10.1%
+20% 12.3%

“Transportation Quantity” is the amount of oil praxds that the oil pipeline
will transport every year. We propose that thegpertation quantity can
vary upward and downward around its estimated vaitie a range of 20%,

which is 4.48 6.72 million tons. The calculated corresponding values

of IRRare listed in Table 12-2.

Table 12-2Sensitivity to Transportation Quantity

Transportation Quantity IRR
-20% 4.4%
-10% 6.5%
0 7.7%
+10% 8.7%
+20% 9.5%
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“Initial Investment” is the construction investmende assume that the
transportation quantity may vary upward and dowmwaround its
estimated value with a range of 20%, which i§55.72 833.58 million

Yuan. The calculated corresponding valuelR#t are listed in Table 12-3.

Table 12-3Sensitivity to Initial Investment

Initial Investment IRR
-20% 10%

-10% 9%
0 7.7%
+10% 6.6%
+20% 5.7%

Obviously, thelRR is most sensitive to the transport price, and tioetie transportation
quantity and the initial investment. When transgioonh price, transportation quantity and
initial investment decrease or increase by onegmrdhelRR will change by 1.71%,
1.48% and 1.35%, respectively.

3.4 Chapter Summary

The financial assessment done in this chapter skimatthe proposed oil pipeline project
is not profitable for SINOPEC. We have seen thatdroject is not acceptable according
the NPV Rule andRR Rule; nevertheless, such results do not imply asibelity of the
project from the point of view of the whole societiloreover, the sensitivity analysis in
this chapter is heuristic for the sensitivity amsk revaluation of the cost-benefit analysis
in next chapter.
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CHAPTER 4

PROJECT COST-BENEFIT ANALYSIS

4.1 Introduction to CBA

In this chapter, a cost-benefit analysis is impletaeeé for the Yueyang-Zhuzhou OiIl
Product Pipeline Transmission Project. With resgecsocial welfare, the process of
weighing the total expected costs against the texplected benefits of one or more
actions in order to choose the best or most phdétaption is an important approach of
project appraisal (Tevfik, 1996). Compared to projénancial analysis, cost-benefit
analysis is more sophisticated and complete. lost-lcenefit analysis, a monetary value
is assigned to all aspects of the project, inclgdime intangible costs and benefits; the
price used in a cost-benefit analysis is the ecanoralue of goods involved, not
necessarily the market price. For these reasors;benefit analysis may is more

difficult to carry out in most cases.

The process of a cost-benefit analysis involvesniometary calculations of initial and
ongoing expenses versus the expected return. @osfib analysis attempts to put all
relevant costs and benefits on a common tempoxdinig A social discount rate is
chosen, which is then be used to compute all ratefudure costs and benefits in terms of
present values. The social discount rate usechionet present-value calculations in the
cost-benefit analysis is a rate that reflects ihee tpreference of the whole society
between present and future. Determination of thelabadiscount rate traditionally
involves a deeper study of the collective welfanaction. According to the China
Statistical Bureau, the commonly used social distaate is 10% for cost-benefit

analyses (Peter & Joseph, 1999).

Cost-benefit analysis is mainly, but not exclusiyelsed to assess the value of public
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sector projects (Bent & Soren, 2005). This is beeapublic projects tend to include
some costs and/or benefits that are less amenablbeihg expressed in financial or
monetary terms. For instance, the true value ana Imay be higher or lower than its
market price if the land market is not perfectlynpetitive. In this case, the shadow
price (also called the economic price) must beiadpl

Cost-benefit calculations are similar to those thatuse in the project financial analysis.
By converting the future expected streams of samats and benefits to a present value
amount, one can select thestproject, the one maximizing the discounted netelien

over all available options.

4.2 Steps of Cost-Benefits Analysis (Methodology)

Actually, there is no ‘cookbook’ or universal stefis a cost-benefit analysis. Each
analysis is different and requires careful and vatiwe thought. It is helpful, however, to

have a sequence of well defined steps for any girtgebe evaluated.

Obviously, the ... steps cannot be performed byatrayst in isolation and will

require consultations with the decision-maker atigecs, the gathering of a wid

1%

variety of Benefit-Cost Analysis Guide 9 informatiand the use of a number of

analytical techniques. It is important that, as taealyst proceeds, the decision

maker is kept in touch with the form of the analysind the assumptions being
made.

- Treasury Board, Benefit-Cost Analysis Guide, 1976

We propose utilizing the following steps for thiady:

1. Analyze incremental effects and gather data abosts and benefits. Set out the
costs and benefits over time in a spreadsheet.eSgphe cost and benefit data in a
valid standard unit of measurement (for exampleywved the actual purchased

value of lands into their economic value, with thelistorted economic prices; the
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details are shown in Section 4.3).

2. Run the deterministic model (using single-vatosts and benefits as though the
values were certain). For this pipeline projece theterministic estimate of net

present valueNPV) is calculated in Section 4.4.

3. Conduct a sensitivity analysis to determine Wwhiariables appear to have the most
influence on theNPV of the oil pipeline project. Consider whether bett
information about the values of these variableslctcdie obtained to limit the
uncertainty, or whether actions can limit the utaiaety (such as negotiating a
labor rate, for example). Then consider if the oofsthis improvement is low
enough to make its acquisition worthwhile; if sot.aThis procedure is elaborated

on in Section 4.5.

4. Select the best alternative to the proposedepran a way that enables the analyst
to compare it fairly. If one option is being assebagainst a base case, one must

ensure that the benchmark is optimized in viewadfiad welfare. Section 4.6 for

further details this step.

5. Analyze the risk by using the known informatetrout the ranges and probabilities
of the costs and benefits values and by simula@rgected outcomes of the

investment. This risk analysis is carried out irater 5.

We deal with the risk analysis in a special chapecause it is relatively long and

independent of the first four steps. Consequettly,summary and the recommendation

are stated after the risk analysis.
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4.3 Economic Prices

4.3.1 Cost of Taking Over Land for Pipeline ProjectUse

The project plan states that the pipeline andtatien of the project will take over 36.5
Mu® land in total for permanent use for a 20 yearque(ihe project lifetime), and will
temporarily use 7,620 Mu land for one year (thestauction period). According national
policy for the actual purchased price of the acgpiitand (The Ministry of Land &
Resources P.R.C, 2000), SINOPEC should pay 120s0806/Mu for the permanent used
land and 8,660 Yuan/Mu for temporary used landhtnassessment report of SINOPEC
(Hunan Branch), the project used lands are valtifieae market prices. In this approach,

the total cost of taking over land in this projesctt.38 million plus 66.05 million Yuan.

Without government authorization, it is illegalfteely trade in lands. With trade barriers
in place, one has no reason to believe that th&ebarice reflects the true value of the
land. In fact, the “market price” under governmenntrol may underestimate the true
value of the lands because of the scarcity of #sources. The economic price, or
shadow price, reflects the true value of the landesit is the opportunity cost of the use
of the lands.

To correctly calculate this opportunity cost of didands, we need to estimate the value
of the annual yields of these lands if they wererahtively used for planting crops.
Agricultural production is actually the only altetive use of these fields. According to
Hunan Statistical Yearbook 2005he average value of annual agricultural yields i
Hunan Province is 11,000 Yuan/Mu (Bureau of Statisif Hunan, 2003). The
opportunity cost of the project used land is thasda on this information. Table 13
provides a comparison between the land market @mckethe economic price. Indeed,

the market price underestimates the land’s trueeval

® A Chinese unit of area, 100 Mu ~797.3 sq yd, af.687 acres.
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Table 13Cost of Land Use

Permanent Usage Temporary Usage

Based on Actual Purchased Price 4.38 million Yuan 66.05 million Yuan
. 11,000 x 36.5 x 20 11,000 x 7,620 x 1

Based on Shadow Price = 8.03 million yuan = 83.82 million yuan

4.3.2 Tax

Cost-benefit analysis is a specific application vaélfare economics techniques that
excludes tax and allowance aspects, because trarisfeveen members or groups of
members do not change social welfare. We treatadls (sales tax, income tax, etc.) as

null in cash flows at this stage.

4.3.3 Loan Interest and Time Value

In CBA, we treat the loans of SINOPEC as SINOPE®® money. In other words, we
do not consider the interest SINOPEC would haveay the bank. The time value of
those bank loans must be considered, as must beoth@ discount rate, being 10% in
China. The total project investment is 714.96 milRMB and approximate 30% of it is
funded by SINOPEC, the rest of 70% is provided bypkdloan (PMDSH, 2006). The
totality of the interest yielded by the loan of SD4 million RMB is set to zero in CBA.

4.3.4 Correction for the Exchange Rate

The budget of this project covers a foreign excleangst of USD 6.15 million for
equipment purchase. This USD 6.15 million is calted to 50.98 million RMB by
current foreign exchange rate (US$100 = RM&9, Aug 2005} when SINOPEC had

purchased the equipment ahead of schedule.

" The Aug 2005 currency conversion rate of RMB.29 to US$1.0 has been used.
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It is worth mentioning that the distortions in famye exchange rate can arise when there is
a lack of freedom and openness for the domestieay or if there are major distortions
in the domestic economy because of taxes, subsatigggulations. In the case of
Chinese currency, there are certain limitationshef nature. Hence shadow the price of
foreign exchange rate should be used in our CBA. @diculation of the shadow price of
foreign exchange is, needless to say, a job fananfe experteven more so for the
benefit-cost analyst. In this thesisg wlecide neither to use the above the foreign exggha
cost computed with the nominal exchange rate, a@otto a deep study on the shadow
price of the foreign exchange rate. We use reahaxge rates to approximately compute
the real costs in foreign currency.

The real exchange rate (RER) is an important cdrinegconomics. It is defined as
RER = e (P/P*),

where the nominal exchange rates defined as the number of units of foreign coce

per unit of domestic currencyP is the domestic price level, which we obtain from

Consumer Price Index (CPIpR* is the foreign price level (CPI).

According to public data from the websites of thatibinal Bureau of Statistic of China
(2005) and the U.S. Bureau of Labor Statistics §20@e have the consumer price index
and the USD/RMB exchange rate for Aug 2004 and 2Q@p are:

Table 1£xchange Rate

2004 2005
China’s CPI 100 101.3
U.S.’s CPI 189.5 196.4
USD/RMB Exchange Rate 8.29%

Note that the reference year in China and in th®. ik different. We set 2004 as the
common base for both countries’ CPI. Thus,
CPlys. 200#100;
CPlys. 2005= 100 x (196.4/189.5) = 103.91.
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And we get
RER = e (P/P*) =8.29 x (103.91 + 101.3) = 8.50.

8.50 is the real exchange rate between USD and RM&igust 2005. According to this
result, the real foreign exchange cost of thisqubjs 52.36million RMB (6.15 million
USD times 8.5).

4.4 Social NPV

To calculate the socidNPV of this project, denoted bMPViociay We must consider
several key points that are different from thos¢heffinancial analysis. These are listed

in Table 15.

Table 15Difference between Financial Analysis and Cost BeAaalysis

Financial Analysis Cost benefit Analysis
Standpoint of Analysis Company County or Society
Price Used in Analysis Market Price Shadow price
Foreign Exchange Rate Nominal Exchange Rate Real Exchange Rate
General Inflation Includes (in China) Excludes
Indlrect Costs and Benefits of Excludes Includes
Society
Tax and Government Subsidy Includes Excludes
Loan Interest Cost Includes Excludes
Interest Rate Nominal Interest Rate Social Discount Rate

As Table 15 shows, the standpoint of CBA is the letsociety, not solely the project
owner. With CBA, we use the data discounted atadadiscount rate and/or based on
economic prices to calculate the proje®tBV;ociar Consequently, the CBA results differ

from that of the financial analysis.

The next stage, we discount all cash flows involiredhe CBA at the constant social
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discount rate, 10%, to facilitate the calculatidmN® Vsocia

4.4 1lnitial Investments

The components of the initial investment are digpdain Table 16. In this table, the term
“financial value” means the initial investment vatbiat market prices, while “economic
value” means the value of the initial investmenued at economic or shadow prices as
discussed in Section 4.3. According to the propah, all initial investments will be put

into use in first year.

Table 161nitial Investmentsnit: million Yuan)

No. Items Financial Value Economicc Value

1 | Construction Investment 694.65 716.57
Temporary used land cost 66.05 83.82
Foreign exchange cost 50.98 52.36
Permanent use land cost 4.38 8.03

2 | Interest in Construction period® 14.88 0

3 | Current Capital 5.43 5.43

Total Project Initial Investment 714.96 722.88

4.4.2 Running Costs
The running costs as Table 17 showing include dostsergy, human labor, maintenance

and all other variable costs taking place durirggtoject lifecycle.

4.4.3 Incomes
SINOPEC's incomes include revenues from sales. sSEles income minus the running
cost gives the net cash flow for each period of ghgect lifetime. The details are in

Table 18 as below:

8 Interest is listed here only for comparison ogfigial and economic considerations.
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Table 17Running Costsunit: million Yuan)

Period Energy | Salary | Maintenance | Other | Interest | Total Running
Cost Cost Cost Cost Cost Cost
1 9.87 7.40 9.89 4.44 0 31.61
2 11.31 7.40 9.89 4.44 0 33.04
3 12.75 7.40 9.89 4.44 0 34.48
4 14.19 7.40 9.89 4.44 0 35.92
5 15.62 7.40 9.89 4.44 0 37.35
6 16.40 7.40 9.89 4.44 0 38.13
7 17.22 7.40 9.89 4.44 0 38.95
8 18.09 7.40 9.89 4.44 0 39.82
9 18.99 7.40 9.89 4.44 0 40.72
10 27.82 7.40 9.89 4.44 0 49.55
11-20 27.82 7.40 9.89 4.44 0 49.55

Table 18Sales Income and Producer’s Surplusit( million Yuan)

Operation Period Sales Income Running Cost Net cash Flow
1 108.12 31.61 76.51
2 117.70 33.04 84.66
3 127.38 34.48 92.90
4 137.50 35.92 101.58
5 146.77 37.35 109.42
6 136.70 38.13 98.57
7 143.35 38.95 104.40
8 150.13 39.82 110.31
9 156.96 40.72 116.24
10 164.43 49.55 114.88
11-20 164.43 49.55 114.88

4.4.4 Discussion about Consumer’s Surplus and Prodar’s Surplus
In CBA, the increment of consumer’s surplus musingerporated into the social welfare

decision-making model as intangible benefits gaedrcom the project.

Consumer’s surplus comes from the fact that theswmer’s reserved price (what he is

willing to pay) is higher than the real purchasegrWhen the price does down from P to
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P, the increment of consumer’s surplus is equahéoshadowed area in Figure 5.

PA

P Demand curve

'Quantity

Figure 5 Consumer’s Surplus Increment

However, the present pipeline project is simply ubstitute of the existing land
transportation methods without any effect on maekgitilibrium price. In fact, the project
provides exactly the same oil products in quargjtggality and price. This implies that
there is no increment in consumer’s surplus withghoject in itself. For this reason, only

producer’s surplus is taken into account in outysis

In economics, the producer’s surplus, defined by thfference between the firm’s
income and the variable cost, is a concept somewyraimetric with the consumer’s
surplus. In project cost-benefit analysis, the pomi’'s surplus is taken into account in

theNPVbut is not considered as an intangible benefitesihis tangible “gross profit”.

4.4.5 Discounted Net Benefits
Table 19 shows the computed cash inflows, outflang net benefits. The discounted net
benefit was calculated by:

Discounted Net Benefits Net Benefits / (1+ 109"

4.4.6 Social Net Present Value and Internal Rate &eturn
In cost-benefit analysis, tHéPVsqcia andIRRsqcia formulas are exactly the same as those
used in financial analysis, while the cash flows aet social benefits. Using the social

discount rate of 10%, we find that

% As section 4.1 noted, China social discountedisal®%.
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NPVsocia = 152.35 million Yuan;
IRRsocia= 12.75%.
The project become economically feasible accortintpe NPV Rule since théNPV;qgia
is positive. Moreover, the estimated internal i@ftesturn of the project is 12.75%, which
is higher than the social discount rate of 10%. ph@ect in question is therefore also

feasible according to tH&R Rule.

Table 19Discounted Net BenefitsJgit: million Yuan)

Time Cash inflow Cash outflow Net Benefits I\I:I);f?;r?et?i?s
Initial investment -716.57
1 108.12 -31.61-5.43 71.08 64.618
2 117.70 -33.04 84.66 80.720
3 127.38 -34.48 92.90 89.994
4 137.50 -35.92 101.58 99.188
5 146.77 -37.35 109.42 107.354
6 136.70 -38.13 98.57 97.0165
7 143.35 -38.95 104.40 102.988
8 150.13 -39.82 110.31 109.003
9 156.96 -40.72 116.24 115.015
10 164.43 -49.55 114.88 113.790
11 164.43 -49.55 114.88 113.888
12 164.43 -49.55 114.88 113.971
13 164.43 -49.55 114.88 114.040
14 164.43 -49.55 114.88 114.100
15 164.43 -49.55 114.88 114.124
16 164.43 -49.55 114.88 114.177
17 164.43 -49.55 114.88 114.237
18 164.43 -49.55 114.88 114.273
19 164.43 -49.55 114.88 114.305
20 164.43 + 5.43 -49.55 120.31 119.738
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4.5 Sensitivity Analysis

4.5.1 Identification of Uncertainties
In view of project evaluation, we investigate thregortant factors (project parameters)
that may affect project feasibility. Their defimitis and the reasons why we have selected

them as uncertainty factors for the pipeline progge stated below.

1) Annual Running Cost

Here, we call the “annual running cost” the castflowr valued with economic
prices in each period after the 2016, when the lippereaches its maximal
transmission capacity (5.6 million tons). The arnusning cost is the most
important warranty on the normal running of thegtiipe.

2) Transportation Quantity

By “transportation quantity”, we mean the quantityat the pipeline transports
during each year of the project lifecycle. The g@ortation quantity varies from
year to year. This is therefore a hierarchical @mration of an uncertainty factor
since the sequence of period-specific transportaqueantities affects the project
feasibility as a whole. The transportation quagdithire determinants of the project
scale.

3) Initial Investment

Intuitively, the magnitude of the initial investnteis always a key factor that
determines the project scale and hence it has sidgyable impact on the project

profitability.

4.5.2Gross Sensitivity
Gross sensitivity, single factor sensitivity andvamniate sensitivity are synonymous. The
influence of a single parameter of the project fom decision criteria is examined in the

gross sensitivity analysis.

Effect of Transportation Quantity

We set the transportation quantity to float betwe#sfo and +10%, around its
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most possible value (the designed quantity). Wa stedied how th&lPV and
IRRfloat with this uncertainty factor. Table 20-1 slsthe results.

Table 20-1Effect of Transportation Quantity

Change (%) Change in million tons NPV,ogial IRR social
-25% 4.20 44.62 10.35%
-20% 4.48 85.70 11.30%
-15% 4,76 103.17 11.97%
-10% 5.04 127.02 12.39%
-5% 5.32 147.11 12.75%

0% 5.60 152.35 12.98%
+5% 5.88 169.39 13.21%
+10% 6.16 192.53 13.79%

Effect of Initial Investment
We also set the initial investment to float betwe&8% and +25% around its
most possible value (the planned amount). Tabl@ 28dows theNPV and IRR

float with this uncertainty factor.

Table 20-2Effect of Initial Investment

Change (%) Change in million Yuan NPVsocial IRR social
-10% 644.91 215.23 14.40%
-5% 680.74 185.61 13.54%

0% 716.57 152.00 12.75%
+5% 750.29 118.14 12.07%
+10% 786.02 88.16 11.39%
+15% 824.05 67.18 10.73%
+20% 859.88 37.57 10.14%
+25% 895.71 7.05 9.59%

Effect of Running Cost
Finally, we also set the running cost to float betw -10% and +135%, around its
most probable value (the planned amount). Tabl@ 88ews how th&PV and

IRRfloat with this uncertainty factor.
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Table 20-3Running Cost Effect

Change (%) Change in million Yuan NPV IRR
-10% 44.59 167.63 12.94%
-5% 47.07 161.98 12.84%

0 49.55 152.35 12.75%
+5% 52.02 126.71 12.64%
+10% 54.50 119.07 12.54%
+40% 64.38 114.58 12.10%
+80% 82.78 91.69 11.22%

+100% 99.10 43.45 10.33%
+120% 101.178 16.81 10.20%
+135% 116.44 -7.94 9.22%

The floating range of a sensitive factor is detewdi based on our preliminary
investigation and on peer experiences: the floatamge must cover the most optimistic
and the most pessimistic prognosis for each factor.

4.5.3 Pooling Single Factor Sensitivities

Gross sensitivity analysis is helpful for the détatof the most sensitive factors. In view
of practicality, the sensitivity of decision crii@mwith regard to multiple sensitive factors
is examined in order. In order to intuitively rel/## factors that has the most significant
influence onNPV. Figure 6 is the spider plot dIPV curves.

Change in Parameter (%)
-~
\ PV Transportation quantity)
0% s AN l____.‘-"mgnitial investment)

~ : Interpretation box

0 hh}'\ - > Npv

w =

0% [ \NPV(Running cost)

Figure 6 Spider Plot of Multi-Factor Sensitivity

This chart pools the numerical results of Table(2€B). Essentially, this is not a real
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multi-factor sensitivity analysis. EadtiPV curve makes the outline of variation PV
when a single parameter varies and the othersdosistant. Such a spider plot makes it
easier to compare the single sensitivities and alettee factors that have the most
significant influence oMPV. A real multiple factor sensitivity analysis igraed out in
Section 4.5.4.

The central point of the spider plot is tN€V when all the factors are at their baseline
values (expected or designed values; 121 millioanYfor this project). The “tentacles”
on the spider chart show how tihNPV changes as the values of each factor change,
ceteris paribus The interpretation box is taken only for the coomthange interval [-
10%, 10%] for every factor.

We could have taken a larger interpretation boloag as we were ready to do a trivial
and long computation. Thus, wherever a 'tentatliespider plot crosses the top or the
bottom of the box, it shows what ttPV would be if there is a 10% change in the
particular parameter. In the small neighborhoodthed central point, a flatter curve

(tentacle) corresponds to a factor to whichNif®/is more sensitive.

We conclude from the spider plot that thBVis more sensitive near its baseline value to
two factors: the Running cost and the Transpontagigantity.

4.5.4 Joint Influences of Running Cost and Transpdation Quantity
For simultaneous changes in the two main sendiiet®rs, we analyzed how tiNPVis

sensitive. Table 21 displays the computed effects.
The identified critical combinations of the two entinty factors are:
(25%, -20%), (20%, -15%), (15%, -15%), (10%, -15%),

(5%, -15%), (0, -10%), (-5%, -10%), (-10%, -10%),
(-15%, -5%), (-20%, -5%), (-25%, 0).
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Table 21Joint Influence of Running Cost and Transporta@urantity
(Unit: million RMB)

Transportation Project Running Cost

Quantity -25% | -20% | -15% | -10% | -5% | 0 | +5% | +10% | +15%
-25% -189 -147 -104 -61 -18| 21 67 110 153
-20% -167 -121 -76 -31 10 55 104 149 193
-15% -153 -106 -59 -13 30 78 128 175 222
-10% -132 -84 -36 8 56 105 157 205 253
-5% -119 -70 -20 25 78 124 177 226 275

0% -119 -75 -25 18 75 152 176 227 277
+5% -88 -42 -1 48 94 139 184 229 275
+10% -78 -32 10 60 106 152 198 244 290
+15% -68 -17 21 72 119 165 212 258 305
+20% -58 -15 37 84 131 178 225 272 320
+25% -48 -3 47 96 143 191 239 287 335

It is remarkable that for any given percentage gkaof the running cost from -20% to
10%, we have:

NPV (Designed capacity) NPV (Designed capacity(1-5%)).
This inequality seems a little bit abnormal. In alefinition of NPV, the consumer’s
surplus is excluded for sake of simplicity. Thelesion of the consumer’s surplus does
not affect the baseline value WPV, but it does have an impact on the project sefityiti
If the consumer’s surplus is added as a part otiogal benefits associated to the project,
a reduction of oil supply causes significant lassacial benefits. The above “abnormal”
phenomenon would then disappear. This is corrobdratith the prediction made by
SINOPEC, which states there will be a doorstephoftaige in 2016, and that the supply
quantity of 2016 corresponds to 95% of the desigregshcity. Actually, according to
Sinopec Hunan Annual Report (2005), the elastigitgil demand in Hunan is 0.5 to 0.6
and it means when facing a doorstep of shortage,ddémand becomes significantly
inelastic. Yet, the more the demand is inelashe, ihore the consumer loses with the
reduction of equilibrium quantity. This is shown kigure 7-1 and Figure 7-2. In short,

the “abnormal” phenomenon is caused by the omissfahe consumer’s surplus from
theNPV.
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Figure 7-1Loss in Consumer’s Surplus willastic Demand
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\ Consumer’s surplus lost
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Figure 7-2Loss in Consumer’s Surplus withelastic Demand

4.6 Alternative Project

4.6.1 Alternative considered
As stated in the background section, the curremtsportation methods of oil are freight
trains (tank cars), tank trucks and Inland Rivek&as. Historical data indicates that 87%

of oil products are transported by tank train imdu province.

4.6.2 Advantages/Disadvantages
Generally, transporting freight by train is higldgonomic, and also more energy efficient
than transporting freight by road and ship. Withthe pipeline, rail freight is the most
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economic method when freight is being carried itklaund over long distances; however,
rail freight is less suited to short distances small loads. To easily compare the options
of pipeline and tank train, we suppose that albibfproducts would be transported by
tank train in Hunan if there were no the proposejegt. If the pipeline is better than the

tank trains, the pipeline must be the optimal apfar the economy as whole.

Freight train offers a lower cost per kilometertmaiin operation but at a very high initial
cost, which can only be justified on high traffiods. Since the cost per kilometer of
construction is much higher, freight train is Idssored on long-distance lines. In
considering the cost of the freight train, we da mzlude any costs for railway track
construction because we assume that the previonatle railroad tracks will be used.
The project initial cost just includes locomotiveank cars and loading area station

construction.

The main disadvantages of rail oil are its lacklexibility, unsafely, and environment
pollution. Today, many governments do not encougegansportation by train because

of the considerable environmental costs.

4.6.3 NPV of Alternative Project
According to national regulation, the average cdpas 50 tons per tank car (Xiong,
1998). It can run 3 to 4 times per day over the Kmd distance between Yueyang
refinery and Zhuzhou oil depot (Zhu, 2003). Inlitstime, the average transportation
guantity of a tank car is thus:
50" (3+4)/2=175tons

The normal capacity of the pipeline is 5.60 millitons per year. To transport such a
guantity, we need

5.6 million + 175 + 365 88 tank cars per day
Implicitly, we assume a workload depreciation afkaars in the above calculation, i.e.
the tank car depreciates linearly with its worklgadl load running distance).
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We set the renewal and maintain tfer tank cars as 15% (Han, 2004). In total, westak
at least about 100 tank cars for transporting Sl@miton oil products. Suppose that 20
tank cars need one locomotive to drive (Departnoéritransportation of Central South
University, 2000). Thus, five locomotives are naeeyg to fulfill the daily task of the
pipeline.

The tank car and locomotive’s market price are @3@,million Yuan and 14 million
Yuan in 2005, respectively, and the loading stationstruction cost is 20 million Yuan.

This is shown below, in table 22.

Table 22Alternative Project’s Key Performance indicatorsiymillion RMB)

Items Unit Market price million Yuan
Locomotives 5 14 million 70
Tank cars 100 0.23 million 23
Loading station 20 million 20
construction
Initial Investment 113
Running cost 274x0.16x5.6 245.5
Loss raté? 4550%3%x5.6 76.44
Midseason cost (274%4x2000- 38
(Qu, 2004) 0.22x274x560/365)x30days
Environment cost
(Han, 2004) 108x274/20year 14.8
Cash outflow 337.74
Cash Inflow 274x0.22x5.6 337.34

Table 23 shows that the alternative projediBV is much lower than the pipeline

19|t means the maintain cost and renewal cost ¢ ¢tans.
1 According to Zhu (2003), “The unit operating costailway freight in Chinais 0.16/ton.Km.”

12 Railway freight loss rate is 0.3% and weightedrage price of gasoline and diesel igt550 /ton
(Department of Transportation of Central South @ngity, 2000).
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project’s (121.05 million Yuan). Moreover, becautseNPV is negative, the alternative

project is not considered feasible, when comparitid @il pipeline project.

Table 23The Alternative Project’s Cash Flow aN&V

Cash Inflow Cash Outflow | Net Cash Flow
0 -113
1-20 337.34 -374.74 -0.43
NPV -106.06 million Yuan

4.6.4 Comparison with the Pipeline Project

Table 24 shows the price difference between trexradtive project and the oil pipeline

project. When the pipeline project achieves thdagmesl transportation capacity of 5.6

million tons/year, the total annual charge is 16f#lion Yuan lower than the total

annual charge of the current transportation method.

Table 24 PriceComparison with the Pipeline Project

Charges of Transportation Total
Terminal : 9 Charges of Oil P . Save
. Km | Railway Tanker S Save | Quantity (millon .
Station Pipeline (Yuan) (million
(Yuan) Tonne)
Yuan)
Yueyang Oil | 5, 33.13 4.42 28.117 0.41 11.71
Depot
Miluo Oil | 154 44.13 15.99 8.14 0.22 6.19
Depot
Changsha | ;g9 60.77 24.57 36.2( 1.53 55.28
Oil Depot
Xiangtan | ,q, 64.86 32.89 31.91 0.35 11.19
Qil Deot
#815
Zhuzhou Qil| 274 60.24 35.62 24.62 3.09 76.07
Depot
Sum 5.6 160.5

Otherwise, the pipeline transportation loss rat@.i$6, while the current transportation

loss rate is 0.3%. The weighted average price sblgee and diesel is 4550 Yuan/ton, so

the savings with the pipeline is
560 million tons *(0.3%-0.1%)*4550 = 50.96 millidfuan.
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Therefore, comparing the current transportation @bining the price saving and loss

rate saving, the oil pipeline project will save 1%& 50.96 = 211.46 million Yuan/year.

According to this comparison, théPV of the pipeline project is much higher than the
best possible alternation (i.e. railway tanker)viobsly, the expected price of pipeline
(there must also be some space for the pipelire o up-float) and loss rate are also

much lower than railway tanker’s.

4.7 Conclusion

Our cost-benefit analysis for the proposed Yueyahgzhou Pipeline project is almost
complete, except for the lack of a probability gsal for the risks. We find that the
economic net present value (121.05 million Yuan)tleé project is positive and the
economic internal rate of return (12.39%) is higtiean the society’s expected rate of
return (10%). Both of these two principal critemalicate that the proposed project is
economically desirable, although the project isficially unprofitable according to the
conclusion of Chapter 3. We find also that the bakernative, the tank train

transportation, is undesirable since its econon@t present value is negative. The

pipeline project is therefore socially optimal, yided that it is fairly risk-resistant.
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CHAPTER 5

PROJECT RISK ANALYSIS

The motivation of any investment is to maximize éxpected return of investment (Cai,
2004). However, future returns are affected by taggies, and therefore, investment
almost always involves some risks. Qualitative alfed semi-qualitative analysis is the
most commonly used risk analysis method (Zhou, 2004 typically includes a

gualitative risk assessment using simple risk nmdelHowever, these simplistic
approaches fail to account for future changes,itakly leading to biases in results.
Moreover, only a few investors systematically perfadynamic risk analysis, and only
few assessments report briefly mention risk contmithout any systematic risk

probability analysis.

In this chapter, we perform a systematic risk asialpf the oil pipeline project using the
Monte Carlo method, which dynamically simulateshesask factor in order to quantify

and evaluate the potential risk of the project.

5.1 Monte Carlo Simulation
5.1.1 Fundamental of Monte Carlo Simulation

Monte Carlo Simulation is a procedure in which m@md numbers are generated
according to probabilities assumed to be associaitda source of uncertainty, such as
a new product’s sales or, more appropriately forpurposes, stock prices, discount rates,
exchange rates or commodity prices (Don, 2004).c@uées associated with these
random drawings are then analyzed to determinékibly results and the associated risk.
Oftentimes this technique is called Monte Carlowation, being named for the city of

Monte Carlo, which is noted for its casinos.
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Let us first highlight the fundamental of Monte @asimulation. One can see (Jiuru Yu,
1999) for more details. Suppose that the variablenterestY (e.g. NPV) depends on

several random factors, s&y, Xy, ..., Xn.
Y= G(xl,X2,...XN) (1)

where X1,Xp,...Xn have known probability distributions. In practicthe functional
structureG(¥may be too complicated to analytically determime distribution ofY as a
random function ofX;, X, ..., Xn. However, it is possible to generate a great déal
random numbers with the given distributionsXaf X,, ..., Xy, and then to compute the
randomly generated values ¥fusing (1). The distribution of can be estimated, or at
least, the numerical characteristicsYpsuch as the mean and the standard deviation, can
be estimated. This process is a Monte Carlo sinaulat

5.1.2 Setting up Simulation Model

This chapter is based on the previous financialuatmn and CBA, transferring the static
factors to dynamic factors though random sampling @ random number generator in
order to achieve the evaluation model of the Mdd&lo Simulation. This can then
calculate the project selection criterion; in tltigse, we use thBIPV. We use this
evaluation model to simulate the final project seta criteria NPV) N times (in our
case, we chose to simulate the criteria 3000 tirtesgflect the direction oNPV and
allow for appraisal of this direction. One may du@sthe sufficiency of 3000 as sample
size of the NPV values; however, such a question leads to a dagty f the
convergence of Monte Carlo method, which is outh® scope of this research. Our
preliminary simulation of 10 groups of trials wiB®00 samples for each group shows no
significant between-group difference in the disitibn of NPV. The simulation

procedure is as follows:
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1. Identification of the Risk Factors. Based on the results of sensitivity analysis,
we can figure out the risk factors or risk variabhaost influencing th&lPV using

the following steps:

Determination of the probability distribution typfs each risk variable;

Estimation of all parameters of the risk.

2. Construction of Pseudo-random Number Generators.A random number

generator is set up for each risk probability disttion. Large amounts diP\s are

then simulated by random sampling; these are gmtkeray a random number
generator. In the end, the results will be analystatistically. It is important to note
that random numbers generated by any software langseaudorandom numbers,
instead of real random numbers, because the gemem@bcess of such numbers is
the execution of some manmade algorithm. However,still call these numbers

random for brevity.

5.2 Risk Categories and Identification

In general, a project may involve the following divisks: politic risk, financial risk,

construction risk, operation risk and uncontrokabsk.

The risk comparison and verification come from #imve risk hierarchy, professional
experience and previous sensitivity analysis iardicial evaluation and CBA. The major
risks are confirmed as follows: operation cost ,risiknsportation quantity risk, politic
risk, initial investment risk (construction over dget) and social discount rate risk.
Considering previously performed sensitivity analysf financial evaluation and CBA,
the transportation quantity and operation cost ask key factors that seriously impact
the project, while the other rest of risks havehsaieninimal effect on this project that we
can ignore their impacts. Based on this observati@haccept that the discount rate risk,
the transportation quantity risk and operation cast are key factors in following

simulation analysis.
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5.3 Probability Distributions of Three Major Risk V ariables

5.3.1 Social Discount Rate

Let us start with definition of a log-normal diwition since we believe subjectively that

the social discount rate is log-normally distriltite

A log-normal distribution is the probability didtdtion of any random variable whose
logarithm is normally distributed (Lee, 2002). IfiX a random variable with a normal
distribution, thenexgX) has a log-normal distribution; likewise, if ¥ log-normally
distributed, thein(Y) is normally distributed.

A variable might be termed log-normal if it can theought of as the multiplicative
product of many small independent factors. A tylbemample is the long-term return rate
on a stock investment: it can be considered aprib@uct of the daily return rates. This is

the bud of Brownian process widely used for in fica

The log-normal distribution has the probability digy function PDF):

(Inx- )?

)= 1 o 25
- forx>0
XS~/ 2p ’

wheremands are the mean and standard deviatiomxfi.e., Inx follows N[ms?]

f(x

mes”

EX=€ ? and VK= (eSZ - 1)ezm+82

and,
_ 1, VX
m=In(E[X]) 2|n(1+(E[x])2)
s?=In(1+ Vix] )

(E[X)°
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20

Figure 8 CumulativeLog-normalDistribution Function

The social discount rate, denoted Ry IS the rate at which a society discounts its
future values. This rate reflects the time prefeeenf the whole society. In a perfectly
competitive circumstance, the long-term return oate stock investment is usually taken

as the social discount rate.

It is reasonable, therefore, to think that the alodiscount rate is log-normally distributed.
It is commonly recommended to take the interval [3898%] or a smaller one for the
social discount rate in sensitivity analysis. We (5%, 20%] as the 95% confidence
interval ofrsecia With expected value Elia] =10%. The parameters of the log-normally

distributedrsociarare determined with the following nonlinear system

20% _(Inx- )
e =’ dx=95%
s XSV2p
n'H—iz
e 2 =10%

Analytically, it is difficult to find the exact sotion of this system. The second equation

implies thats? =2(n10%-77). Using this relation and EXCEL command:
LOGNORMDIST(20%,m 2(n10%-7) - LOGNORMDIST (5% 2(n10%-7)),

we obtain the approximate solution:

m» -2.4615 ang? » 0.3677.



53

Therefore, we have the lognormal distribution LN4&15, 0.3677] Ofrseciar With
specified parameters.

The random number generator of LN[-2.4615, 0.363,4h Excel,
LOGINV(RAND(),-2.4615,0.3177).
According to the literature, there are three maobfematic areas with Excel versions 97,
2000 and XP, if they are used for statistical dalions:
probability distributions,
univariate statistics, ANOVA and Estimations (bbtiear and non-linear)
random number generation.
For more details, one can consult Cryer (2002).

However, those problems are fixed in Excel 2002 RKeusel (2005), for example. We
used Excel 2003 to carry out our Monte Carlo sitnoie.

Figure 9 shows the histogram of the log-normalbtributed social discount rate, charted
with the random number generator: LOGINV(RAND(4&15,0.3177).

2l

Figure 9 Histogram of the Lognormal Distributed of SociakBount Rate
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5.3.2 Quantity

Pseudo Random Number Generator of the Truncateah&distribution

In EXCEL (versions 2003 and above), one can geaaratmally distributed numbers
using EXCEL functions:
NORMDIST fp,mean,standard_dev,cumulative) and RAND().

RAND() is the EXCEL random number generator of timform distribution on [0, 1],
i.e, the inverse of CPF of U[0,1]; NORMDIST is the @mge of the CPF or PDF of a
normal distribution with given mean and standardiateon. If “TRUE” is imposed on
the option “cumulative”, NORMDIST returns the valogé the inverse of the CPF. If
“FALSE” is imposed on the option “cumulative”, NORMST returns the value of the

inverse of the PDF.

Let us construct a pseudo-random number generatbeamormal distribution truncated
from below at z =a using these EXCEL functions. Denote |pyF(2) the untruncated
normal distribution
N[m s¥.
The CPF of truncated normal distribution is actualhe conditional probability
Prob(Z£z|z£a):
Firuncated2) = ProbZ £z| z£ a)
= Prol(£ z) / ProbiZ£a)
=F(2 / F(a).
Hence, the inverse Guncaed?) IS
Fuuncated' (P) = F(p*F(2)) (2)
since
Fuuncated F(P* F(a)))
=F(F(p*F(a))) / F(a)
= p*F(a)/ F(a)
=p.
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Here, the strict monotonicity of a CPF has beer uBer any strict monotonic function
y=g(x), functionx=h(y) is the inverse of if g(h(y))=y for all y in the domain of. As a
consequence of (2), we have the following pseuddemn number generator of the
truncated normal distribution:
NORMDIST(RAND()*F(a),mean,standard_dev,cumulative),  (3)
whereF(a) is equal to the probabilityrob(Z £ a) of normal distribution Nfjs].

v

Figure 10 Cumulative Distribution Function dformal Distribution

We take the transportation quant@yas a random variable following a truncated normal
distribution. This is because the designed trartapon quantity is 5.6 million tons/ year
in a normal case and the maximal capacity of tipelRie is 6.0 million tons/year. Thus,
it is impossible tha) > 6.0 million tons/year. It is therefore reasomatd think of the
probability distribution ofQ as a truncation from below &= 600, yielded from normal

distribution N[5605s?], where the untruncated variarggis to be determined.

PDF

3.69 S.60 6.00 L

Figure 11 Truncated Normal Distribution
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To determine the untruncated variance, we take Biifon tons as the critical point
given byProb(Q £ 3.69) = 0.025.

When the transportation quantity barely reachedoass not reach 3.69 million tons, it is

considered a small probability event by the follogvreasoning:

1. The minimum designed transportation quantity ofdheipeline project is 3.69
million tons.
2. When the transportation quantity reaches 3.69 anillions, the oil pipeline

equipment can run; otherwise, the oil pipeline gcowill have no purpose.

We know tha = (Q-560)5 ~ N[O,1]. It follows that

F ((3.69-5.60)) = 0.025,
whereF is the CPF of the standard normal distribution.t@other hand,

F(0.025) = -1.95996.
Therefore,
(3.69-5.68)F -1.95996,
from which we have
s =97.45077.

In (3), F(a) = F(600) is the value of CPF of N[560, 97.45¢[7at 600, which is 0.659191.

In short, the transportation quantity simulationdtion in EXCEL is

NORMDIST(RAND()*0.659191,567,85077, TRUE). (4)

Figure 12 shows the truncated normal distributibtramsportation quantity
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Figure 12 Truncated Normal Distribution of Transportation Qtiy

5.3.3 Running Cost

There must be an intervaClin, Cmad such that the running co& can neither be less
than its minimumCnin nor greater than its maximur@a. For any cost levell [Cpin,
Cnax, there is no evidence indicating that the cosuldluctuate upward by 1% more
likely than downward by 1%; there is also no evemdicating that the cost would
fluctuate downward by 1% more likely than upward18g. This implies that the coé&t
follows a uniform distribution. The following figarl3 shows the uniform distribution of
the running cost.

cerr 1

Equiprobable g

Cmin C Cm

Figure 13 Uniform Distribution of the Running Cost
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Now letC; ~ U[Cpin, Cmad, @ uniform distribution on the intervaCjn, Cmay, Where

Crmin = C{" (1-20%) andCrmax= C;” (1+20%).
In this oil pipeline project, the normal operatimgst is 45.99 million Yuan/year.
According to professional criteffy the operating cost intervaCfin, Cmad can fluctuate

upward or downward 20%, with its best select 45r@ilon Yuan.

This is considered a confident and acceptable viatefor this project. The EXCEL

simulating function is, for each year.
RANDO*( Cmax‘ Cmin) + Cmin-

Figure 14 is the CPD of Running cost risk

Figure 14 Running cost risk
5.4 Simulation Results

Through the simulation, 31Q9PV samples are obtained. The descriptive statisteas

follows in figurel5 to17 (unit: million RMB):

13 Guangtian Bai. (2003Evaluation of petro-industry in Chin@. 163-168). Beijing, China: China Petro-
industry Publish.
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® L ==

Figure 15 Probability Distribution oNPV and Descriptive Statistics

$ %

R

* I R

Figure 16 Histogram (with Normal Curve) diPV



Figure 17 NPVs Cumulative Probability Distribution Function

5.5 Further Results

5.5.1 Normality Test

In the section we investigate whether iV follow a normal distribution? The above

figures suggest that it is the case. However, threnality must be tested. We use the

60

Kolmogorov-Smirnov normality test to investigates thormality of theNPV. The null

hypothesis is stated as

Ho: Data ofNPV follow a normal distribution

H.: Data ofNPV does not follow a normal distribution
Tables 25 and 26 show the SPSS outcome of this test

Table 25Descriptive Statistics

N Min Max Mean Std. D Skewness Kurtosis
Std. Statisti Std. Std.
Statistic Statistic | Statistic | Statistic Error Statistic C Error Statistic Error
NPV 3000 | -328.41 758.72 | 185.872 | 3.15652 | 172.8897 .105 .045 =274 .089
N 3000
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Table 260ne-Sample Kolmogorov-Smirnov Test

NPV
N 3100
Normal Parameters®®  Mean 119.0686
Std. Deviation 184.2034
Most Extreme Absolute 0.012
Differences Positive 0.012
Negative -0.008
Kolmogorov-Smirnov Z 0.686
Asymp. Sig. (2-tailed) 0.734

a. Test distribution is Normal
b. Calculated from data

It is notable thap-value> 0.005. By definition, the p-value is the smallsgmificance
level at which the null hypothesis can be rejectedbther words, k cannot be rejected
at any predetermined significance level where> p-value Hence at the usual
significance level 5% (> p-value=0.005), the nw@dhde rejected. However, we do not
have sufficient evidence to support the claim it NPV do not follows a normal

distribution.

5.5.2 Confidence Interval of the Project NPV

By the Central Limit Theorem, the mean of tH€V asymptotically follows a normal
distribution. This leads to the 95% confidencernveéof the mean of thRPV:

[192.58, 205.56].
The conditional expectation of NPV:
E[ NPV |NP\<O ] = -54.3 million and ProbPV<0 ) = 0.13.
The conditional expectation of NPV:
E[ NPV|NPV>"0 ] = 214 million and ProtNPV>0 ) = 0.87.

The conditional gain is 214 million and the probi&pof a positiveNPVis about 0.87.
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5.6 Conclusion

A systematic and deep investigation of the riskoptulity is realized in this chapter. Our
results demonstrate that the pipeline project isequsk resistant and its economic net
present value is most probably between 192.58 @bdba million Yuan. Together with

the conclusion of Chapter 4, this yields our glot@hclusion: the pipeline project is the

optimal choice for the society.
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CONCLUSION

At the beginning of our thesis, we introduced thm and objective of Yueyang-
Zhuzhou oil pipeline transmission project, the lgaokind about Hunan province and the
profile of SINOPEC. We also exposed the currenpmiduct market demand and supply.
The current market situation and the perspectivéheffuture economical development
needs are what motivated SINOPEC to propose thpelipe project. SINOPEC
anticipates that the oil pipeline can provide cleamore stable and more reliable oil
products to the Hunan region with almost null pdio compared with the existing land
way transportations. SINOPEC themselves performfaaacial project assessment and
hopes to have aex antestudy of the project economic feasibility. Thigh® motivation

of our thesis.

In this thesis, the Yueyang-Zhuzhou Oil Producteli@ Transmission Project is
evaluated from the perspective of social welfarrés nex antecost-benefit analysis of

the project feasibility.

As a comprehensive study of the pipeline projdts thesis discusses all aspects of the
project, from the project background to the projdata sources; market demand to
supply; market price to economic price and finahassessment to CBA. It uses various
techniques, such as shadow prices for project leseds, financial and economic NPV

and IRR computations as well as Monte Carlo sinnatfor risk analysis. With respect

of methodological issues, our analysis follows gjemeral steps of cost-benefit analysis
but not totally standard ones. A set of computaidachniques are used in cost-benefit

analysis and in risk analysis as well.

The original SINOPEC financial evaluation reportncludes that this project is
financially acceptable before tax. In contrast, financial assessment shows that the

proposed oil pipeline project is not profitable RINOPEC after tax.
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In our cost-benefit analysis of the pipeline prajeee find that both of the two principal
criteria, economic net present value and economernal rate of return of the project,
indicate that the proposed project is economicdigirable, although the project is
financially unprofitable. We also find that the emhative, tank train transportation, is
undesirable since its economic net present valueegative. The pipeline project is
therefore socially optimal, provided that it isrfgirisk-resistant. Specifically, our results
prove that the pipeline project is quite risk resi$ and its economic net present value
has a confidence interval between 192.58 and 20&ilién Yuan, under the confidence
level of 95%.

No environmental impact issues are discussed irthmsis. There are two main reasons
for this omission. First, the pipeline is constaet underground and the underground
transmission is believed in general to result imadt no environmental pollution. The
only determined pollution will be generated durprgject construction. For this reason,
only an amount of 8% of the project total investimendeclared. This increases a small
percentage of the total costs and does not chdrgeverall conclusion. One might
challenge the environmental evaluation made by FINO, however, this will be quite

out of the scale of the cost-benefit analysis.

Our overall conclusion is that the Yueyang-Zhuzi@lProduct Pipeline Project is the

optimal choice of the society of Hunan.

Finally, we would like point out that the computatal techniques we introduced in
calculation of shadow prices and the pseudorandamber generators used in our risk

probability analysis may be widely used in othemstouctional project evaluations.



65

REFERENCES

Baker, Samuel L. (2000). Perils of the InternaleRat Return. Retrieved January 12,
2007, from http://hspm.sph.sc.edu/COURSES/ECONétiverest. html

Bent Flyvbjerg, Mette K. Skamris Holm, and SgrerBluhl. (2005). How (In) accurate
Are Demand Forecasts in Public Works Projects? Tlase of Transportation.
Journal of the American Planning Associatieol. 71, no. 2.

Bureau of Statistic of Hunan. (2003Hunan province Statistical Yearbook: Land
production(p. 67-99). Changsha, Hunan: Government Printirfgc@f

Cai, Zhigang. (2004). How much is the investmess®Journal of China investment.
2004 (2). p. 111-114.

Chen Geng. (2005). The trend of China's petrole@msemption,Journal of China
Energy Sources Researd2005 May 13), Retrieved March % 2007 from
http://en.ce.cn/Insight/200507/01/t20050701_4104€¥ 5l

Cryer, J. (2002), “Problems using Microsoft Examl $tatistics,Proceedings of the2001
Joint Statistical Meetings

Department of Transportation of Central South Ursitg. (2000). Railway
transportation economyChangsha, Hunan, China: Central South UniveRigss.

Development Planning Department of Sinopec Hun2@0%). Sinopec Hunan Annual
Report.Changsha, Hunan, China.

Don M. Chance. (May 21, 2004)eaching note 96-03: Monte Carlo simulation.
Retrieved March 11, 2007. From
http://www.bus.lsu.edu/academics/finance/facultigadece/Instructional/TN96-
03.pdf.

Farrar.G.R. (1990)Recursive Stratified Sampling for MultidimensioMdbnte Carlo
Integration, Computers in Physics, v4 (1998)190-195. W.H. Press.

Han, Biao. (2004). Theory of transportation deveiept. Dalian, Liaonin, China: Dalian
University of Maritime Affairs Press

John V. Mitchell (2006)A new era for oil priced.ondon: Chatham House.

Kenneth Deffeyes (2005Beyond Oil: The View from Hubbert's Pedkew York :
Farrar, Straus and Giroux Press.

Knisel, J. (2005). On the Accuracy of Statisticatfibutions in Microsoft Excel 2003.
Computational Statistics and Data Analysis (CSDA). 48, 445-449.

Lee, C.F. and Lee, J. C. (200)ternative Option Pricing Models: Theory, Methods,
and Applicationsluwer Academic Publishers.

National Bureau of Statistic of China (2006hina statistical yearbook: Consumption of
Energy by SectoBeijing, China.



66

National Bureau of Statistic of China. (200T)abulation on nationalities of 2000
population census of Chin8eijing, China.

National Bureau of Statistic of China. (200€hina Statistic Yearbook: Freight Traffic
by RegionBeijing, China.

National Bureau of Statistic of China. (2009hina statistical yearbook: Length of
transport routes at the year-end by region (pp.-134). Beijing, China.

National Bureau of Statistic of China. (2006hina Statistical Yearbook 2005: Principal
Aggregate Indicators on National Economic and Slo@avelopment and Their
Related Indices and Growth Rate (pp. 46-88)jijing, China.

National Bureau of Statistic of China. (2006hina statistical yearbook: Indices of gross
domestic productBeijing, China.

National Bureau of Statistic of China. (200®)hina statistical yearbook: Number of
Major Durable Consumer Goods Owned 6 middle Prasn@Autonomous Regions,
Municipality). Beijing, China.

National Bureau of Statistic of China. (200&hina statistical yearbook: Consumption
of energy by region 1999-200Beijing, China.

National Bureau of Statistic of China. (2006pnsumer Price Indices by Category.
Retrivied Februry 26, 2007. From
http://www.stats.gov.cn/tjsj/ndsj/2005/indexeh.htm

Peter R. Orszag & Joseph E. Stiglitz. (1999). Redoegs from Rethinking Pension
Reform: Ten myths about social security systemssegoted at the World Bank
ConferenceWashington, DC.

Production Management Department of Sinopec HY&806).Yueyang —Zhuzhou Oil
Pipeline Project Charter(2nd ed.). Changsha, Hunan, China: Wang Junfang.

Qu, Guoli. (2004).Transportation market(p. 77-83). Beijing, China: China Railway
Press

Sinopec Audit Committee (1999PDil industry economic assessment guiijing,
China.

Sinopec Strategic Committee. (200B)eventh five years plan statemeBeijing, China.

Tevfik F. Nas. (1996).Cost-Benefit Analysis: Theory and ApplicatioNew York:
Thousand Oaks Press.

The Ministry of Land & Resources P.R.C. (2000he policy of land recoupment
(No0.3921). Beijing: Government Printing Office.

Treasury Board of Canada Secretariat. (19B8efit cost analysis guide (draf@ttawa,
Canada.

U.S. Bureau of Labor Statisti€svision of Consumer Prices and Price Indexes. 5200
Average Price DataRetrieved February 26, 2007. From
http://www.bls.gov/cpi/home.htm



67

Wu tianyuan (2006). A study of oil safetyournal of China Oil 66, 12-15. Retrieved
April 10, 2007, from SinopecARTICLES database.

Wu, Yi (2000, May 18). The future of China’s economiddong Kong Ming Paop A2.

Xiong, Yongjun. (1998)Transportation and economy developm@nt235-280). Beijing,
China:China Railway Press

Yu, Jiuru. (1999). Risk analysis of investment podj(p. 18-19). Beijing, China: China
Machine Press.

Zhang Ziyan. (2006)Sinopec Corporate OvervieRetrieved April 10, 2007, from
http://www.sinopec.com/company/1043.shtml

Zhou, Guodong. (2004). Investment analysis of cortbn project.Journal of China
investment2004 (11). p. 44-45

Zhu, Zhongbing. (2003)Exterior theories apply in Transportation econorBgeijing,
China: China Railway Press.



