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ABSTRACT 

Yueyang–Zhuzhou Oil Product Pipeline Transmission Project is to replace the 

existing oil transportation system, (a mixture of overland transportation and waterway 

transportation), for achieving a cheaper, more stable and more reliable oil product 

supply. The project is expected to enhance the socio-economic development of Hunan 

province and the middle China through an adequate provision and reliable oil 

products (gasoline and diesel) by exploiting fully its indigenous SINOPEC oil 

refining factory potential with pipeline transmission. China’s Petroleum & Chemical 

Corporation (SINOPEC.), a state-owned enterprise, is the owner and executor of this 

project. SINOPEC requires an assessment of the oil pipeline project, with specific 

consideration to social welfare.  

 

In this thesis, a comprehensive cost-benefit analysis is implemented for the proposed 

project of Yueyang-Zhuzhou Oil Product Pipeline, considering all of the members of 

society as whole. We focus the project on the social welfare aspect as well as the 

project's risk resistance capacity. 

 

Chapter 1 states the aim and objective of the Yueyang-Zhuzhou oil pipeline 

transmission project while introducing Hunan's socio-economic environment and the 

profile of SINOPEC. The current oil product market demand and supply are defined. 

Because of the current market situation, SINOPEC is motivated to design the pipeline 

project. Chapter 1 highlights the necessity of the project and shows that the oil 

pipeline project may provide cheaper, more stable and more reliable oil products to 

the Hunan region with almost null pollution, compared to the existing land way 

transportation. An ex ante assessment of the project feasibility is hence necessary for 

SINOPEC.   

 



 xi 

Chapter 2 provides a description of the project technologic information specifically 

and a discussion of the evaluation method. Data source are listed in this chapter. The 

main evaluation methodology issues involved in this thesis are also discussed in 

Chapter 2, such as the cost-benefit analysis, standard steps, the Monte Carlo 

simulation for risk analysis, and so on.  

 

In Chapter 3, we study the financial feasibility of the proposed project, to precede for 

the cost-benefit analysis of the following chapter. Although the original SINOPEC 

financial evaluation report mentions a lot of facets of the project, it provided no 

computational details about the assessment. Furthermore, SINOPEC’s financial 

evaluation report only concludes that this project is acceptable before tax. In contrast, 

our financial assessment shows that after tax the proposed oil pipeline project is not 

profitable for SINOPEC.   

 

In Chapter 4, an all-round cost-benefit analysis of the proposed Yueyang-Zhuzhou 

Pipeline project is carried out, based on the masterstroke of Benefit-Cost Analysis 

Guide of Canada Treasury Board. In this chapter, there are four steps to the cost-

benefit analysis: data preparation with specific focuses on cost and benefit 

computation; establishment of the deterministic model; sensitivity analysis with a 

comparison with an alternative project. This chapter emphasizes the shadow price 

valuation of the costs and benefits, one of essential differences between financial and 

economic evaluations of a project. Indeed, the financial assessment always uses 

market prices even in the presence of market distortions. We use the willing-to-pay 

approach together with the competitive use opportunity cost for the valuation of 

project-used lands. We find that the economic net present value (121.05 million Yuan) 

of the project is positive and that the economic internal rate of return (12.39%) is 

higher than the society expected rate of return (10%).  Both of the two principal 

criteria indicate that the proposed project is economically desirable, although the 

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

net present value is negative. The pipeline project is therefore socially optimal, 

provided that it is fairly risk-resistant.  

 

A systematic and relatively deep investigation of risk probability analysis is thus 

proposed in Chapter 5. In this chapter, we perform a risk analysis of the oil pipeline 

project using the Monte Carlo method, which dynamically simulates each risk factor, 

in order to quantify and evaluate the potential risk of this project. First, the 

probability distributions of the main risk factors for the project are determined 

mathematically. These risk factors are transportation quantity, running cost and social 

discount rate. A pseudorandom number generator is set up for each risk probability 

distribution using MS EXCEL. Large amounts of NPVs are then sampled with our 

pseudorandom number generators.  Finally, the results are statistically analyzed. Our 

results suggest that the pipeline project is quite risk resistant and its economic net 

present value is likely between 179.48 and 191.83 million Yuan. Together with the 

conclusion of Chapter 4, this yields our global conclusion that the pipeline project is 

the optimal choice for the society.  

In short, this thesis evaluates the Yueyang-Zhuzhou Oil Products Pipeline 

Transmission Project comprehensively and completely from both financial, social-

welfare and risk perspective.  It provides a assessment of project feasibility to 

SINOPEC and draws additional lessons of experience at CBA and risk analysis to 

guide future studies in similar areas. 



INTRODUCTION 

By volume, petroleum is primarily used for producing fuel oil and gasoline (petrol), both 

important "primary energy" sources (Kenneth, 2005). Due to its high energy density, easy 

transportability and relative abundance, it has become the world's most important source 

of energy since the mid-1950s. As “Black Gold” or “Blood of Industry”, oil products 

have a key role in world economic development and people’s livelihood. Consumption is 

currently around 84 million barrels per day, or 31 billion barrels per year (John, 2006). 

 

As a pillar industry in the national economy, the China petroleum industry is a focus of 

competition. China's oil imports doubled over the past five years and surged nearly 40% 

in the first half of 2004 alone. These increases vaulted the mainland ahead of Japan and 

into second place among the world's biggest oil consumers, behind the United States of 

America.  Thanks to the oil price hike, China’s petroleum industry achieved steady 

growth in both output and sales revenue, with ever-stronger international competitiveness.  

On December 11, 2006, China opened its product oil market, and the transition period for 

China petroleum and petrochemical industry after the WTO entry came to an end.  In the 

past five years, China’s petroleum and petrochemical industry has experienced immense, 

profound and IRR eversible changes in the internal and external development 

environment, the industry development and market situation. China’s petroleum and 

petrochemical market has opened up, diverse market players have emerged, and the 

government regulatory system has improved. 

 

As the market continues to open up, China’s petroleum and petrochemical industry will 

experience further development.  Through reform and reorganization, China’s state-

owned petroleum and petrochemical enterprises such as SINOPEC are growing in size 

and strength.  The Chinese economy is in a period of steady rapid development, with a 

soaring demand for oil products.  By 2010, China’s demand for gasoline, kerosene and 

diesel oil is expected to hit 185 million to 189 million tons (Cheng, 2005). 
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However, while the outlook of China’s oil production and operation in the industry is 

favorable, on the whole, it still lags behind foreign levels. In the future, China's 

petroleum security will face a relatively grim situation. First, petroleum consumption 

ushers in a period of comparatively rapid growth. High oil price could become one of the 

major constraints to China's economic growth. It was predicted that, by 2020, China's 

annual consumption of petroleum would increase by an average of 3 percent (Cheng, 

2005), the output of crude oil would undergo steady growth, and the volume of petroleum 

import would grow on a yearly basis. 

 

Secondly, with the booming urbanization process and the ever-improving standard of 

living of the nation, the consumption of petroleum and petrochemical products will grow 

by a large margin, setting higher and higher requirements for the quality and variety of 

products. At present, the demands in the refined oil product market are booming, and 

refining plants are running in full capacity. All the major petroleum companies are 

making great efforts to increase the supply and quality of petroleum products, yet there 

are also times when local short supply occurs in the market.  

 

Recently, experts have become very concerned about China's energy supply. As pointed 

out by Chinese Premier Wen Jiabao in the Government Work Report, the strains on coal, 

electricity, oil and transportation must be given high attention.� In face of the soaring 

consumption demands for petroleum and petrochemical products, China's petroleum 

industry will face a series of opportunities and challenges. 

 

In order to tackle these future opportunities and challenges, the Chinese government 

plans to develop the known hydrocarbon-bearing structures; to provide a vehicle for 

introducing modern technology; and to upgrade the operating, technical, and managerial 

skills of China's oil industry personnel.  Currently, several huge and important projects 

are underway, such as Southwest Oil Product Pipeline Trial Operation, the Sino-Kazakh 

natural gas pipelines transmission project and Construction of Qingdao 10 million tpa 

Refining Project Started. As another example, the Yueyang-Zhuzhou oil product pipeline 

transmission project also is on the way as key project of SINOPEC in middle China. 
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This thesis aims to perform an integrated cost-benefit analysis on the Yueyang-Zhuzhou 

oil product pipeline transmission project to evaluate the project feasibility from a social 

welfare perspective. Several concepts, such as sensitivity analysis and risk analysis, were 

emphasized in the thesis. 
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CHAPTER 1 

PROJECT JUSTIFICATION 

 

1.1 Current Situation Overview 

 

1.1.1 Project Objective 

The objective of “Yueyang-Zhuzhou”1 Oil Pipeline Transmission Project is to extend the 

oil products, gasoline and diesel, of the China Petroleum and Chemical Corporation 

(SINOPEC) Hunan Branch from the SINOPEC oil refining factory, located in Yueyang in 

the north of the Hunan province, to the SINOPEC No.815 oil depot in Zhuzhou city.  This 

is one of the largest exchange stations regions of the Middle China railway system.  

 

 

Figure 1 Oil Pipeline Path Map 

 

                                                 
1 Yueyang and Zhuzhou are key cites of Hunan province, located in northern Hunan and middle Hunan. 
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The goal of the project is to enhance the socio-economic status of Hunan province and 

the Middle China through a more adequate and reliable oil products (gasoline and diesel). 

This will be accomplished by fully exploiting the indigenous SINOPEC oil refining 

factory potential through pipeline transmission. Through the pipeline, inexpensive and 

reliable oil products will be consistently provided to the Hunan region. 

 

1.1.2 Background and Economic Context 

Hunan is an agro-province of China, located in the middle reaches of the Yangtze River 

and south of Lake Dongting.  Hunan has a developed economy, convenient transportation 

system, a robust market demand, and an advantageous location, as it acts as an important 

connection between developed eastern provinces and developing western provinces of 

China. With a population of about 66 million in September 2000 (National Bureau of 

Statistic of China [NBSC], 2001), Hunan is the seventh most highly populated province 

in China.  Since the 1980’s, China’s economic policies reform has deeply influenced 

Hunan. Statistics show that the average annual growth rate of GDP of Hunan has been 

8% or more over the last two decades (NBSC, 2005). According to a professional forecast, 

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

 

The economic growth in Hunan directly drives the growth of the transportation industry, 

especially in road transportation. There is a large and complicated road transport network 

in Hunan, which consists mainly of 11 national highways and 73 provincial highways.  In 

Dec. 2003, the total expanse of highway in Hunan was over 1000 Km (NBSC, 2004). In 

addition, this economic growth also results in a growth of the vehicle industry and private 

vehicles.  This growth has directly led to an increased 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 and distribution in China are the 

responsibility of a few large state-owned companies, such as China Petroleum & 

Chemical Corporation (SINOPEC.) and Petro-China Company. 
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SINOPEC is an integrated energy and chemical company. Its business scope mainly 

covers oil and gas exploration, development, production and marketing; oil refining; 

production and other petrochemical products; storage and pipeline transportation of crude 

oil and natural gas; refined oil products, petrochemicals and other commodities and 

technologies (Zhang, 2006). In China, SINOPEC is the largest producer and supplier of 

oil products and major petrochemical products. It is also the 2nd largest crude oil 

producer. By the end of 2005, the Company’s remained proved recoverable oil reserve 

was 3294 mmbbls2 and its proved recoverable natural gas reserve was 2951.7 bcf3 (Zhang, 

2006). 

 

SINOPEC Hunan Oil Product Company is one of the local branches of SINOPEC and 

also is Hunan’s largest oil products producer and supplier. The Hunan market of 

SINOPEC Corp. is full of potential. The Company plays a dominant role and has an ever-

growing impact in its Hunan market. Statistics show that, in 2004, the total provincial 

sales volume of refined oil products reached 3.76 million tons, representing an increase 

of 15.8% over the previous year. It accounted for 92.5% or so of the Hunan provincial 

total consumption (Development Planning Department of Sinopec Hunan [DPDSH], 

2005). 

 

The refined oil products resource, which was sold by SINOPEC Hunan branch, were 

mainly supplied by SINOPEC oil refining factory (Yueyang) -- Hunan’s only petroleum 

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

end 2004, the factory’s total refined oil products output reached 3.65 million tons per year 

(DPDSH, 2005) and supplied SINOPEC (Hunan)’s oil products sales of 65.2%. The 

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

around 2010 (NBSC, 2005). 

 

                                                 
2 mmbbl stands for million barrels, a unit often used for volumes of oil reserves. 1 MMbbl is equal to 42 
million U.S. gallons or 158.99 million litres. 

3 Billion cubic foot, is used in the oil and gas industry. 
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1.2 Market Demand 

 

1.2.1 Overview of Hunan’s Economy 

Hunan is a traditional agricultural province. It is an important center of rice production, 

as well as tea cultivation. This province is noted for its stibnite mines, and also is one of 

the major centers of antimony extraction in China. Since more than 20 years, the 

economy in Hunan has harvested brilliant achievements. In 2004, Hunan’s nominal GDP 

was RMB 561.217 billions Yuan4  and the contribution proportions of the primary, 

secondary, tertiary industry were 20.6%, 39.5%, 39.9% (NBSC, 2005), respectively.  In 

the same year, the per capita GDP of Hunan Province was RMB 9117, which was ranked 

twelfth of all thirty-four provinces, autonomous regions, municipalities directly under the 

central government, and special administration regions of China.  From 1999 to 2004, 

Hunan’s GDP grew at an average rate of 12.1% per year, as illustrated in Figure 2.  
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Figure 2 Hunan Real GDP (1999—2004) 

 

1.2.2 Composition of Hunan’s Oil Product Consumption 

Hunan’s oil product consumption consists mainly of four parts: 

1.   Transport oil consumption of vehicles and ships; 

2. Agricultural oil consumption. As Hunan is one of the largest agricultural                
                                                 
4 Renminbi is the official currency of the People's Republic of China (PRC), whose principal unit is the 
Yuan. 
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provinces, agro-machines are widely used and require a large quantity of diesel; 

3.   Industrial consumption. While the industrial energy consumption in Hunan is mainly 

composed of coal, there are a number of factories use oil as their main energy. 

4.  Family consumption. With the Sino-Kazakh natural gas pipelines linking up the                

entire project commercialization operations, natural gas as the chief energy source 

instead of oil products.  This clearer and steadier resource will partly replace some of 

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

 

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

transportation industry, including water carriage and road transportation. 

 

1.2.3 Relationships of GDP, RNA and Demand for Oil Products 

Economic growth directly promotes the development of logistics and the transportation 

industry, especially the highway transportation. Auto industries have made great progress 

in that vehicles are getting into ordinary Chinese households more and more rapidly. The 

registered number of automobiles � RNA�  has increased enormously over last five 

years. Figure 3 shows the average annual growth rate of registered number of 

automobiles in Hunan from 1999—2004 (NBSC, 2005). The RNA in Hunan increased 

linearly with the GDP.  As the RNA increased, the demand for oil products also rose; thus, 

there a positive linear relationship also exists between GDP and demand for oil products.  
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Figure 3 Relationship of GDP, RNA and Oil Product Sales   
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1.2.4 Current Situation and Demand Forecast 

Data show their oil product consumption of Hunan was around 300 million tons before 

2002 and average annual consumed growth rate were lower than 4% (NBSC, 2005). 

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

four years, SINOPEC estimated the price elasticity of oil product consumption in Hunan. 

Their estimated elasticity coefficient is between 0.5~0.6 (DPDSH, 2005). Thus the oil 

product demand in Hunan is quite inelastic. Through knowing the price elasticity of 

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

period from 2007 to 2016.  One will see in Chapter 2.2 that 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 mainly provided by the SINOPEC 

Hunan branch. In 2004, the SINOPEC Hunan branch’s sales accounted for 92.5% of the 

province’s total consumption volume (DPDSH, 2005), which means that other oil product 

companies only have a small share of the market in Hunan. 

 

The oil products resources of SINOPEC Hunan branch mainly came from SINOPEC 

Yueyang refining factory, which was the only refinery in Hunan province. In 2004, the 

SINOPEC Hunan’s sales volume of refined oil products reached 3.718 million tons, 

2.422 million tons of which from Yueyang refinery account for 65.2% of the total sales 

volume (Wu, 2006). The other 34.8%, called the shortage resource, of Hunan market was 

provided by another province’s oil refinery.  

 

Before 2004, SINOPEC Yueyang refining factory’s total output reached approximately 

3.00 million tons per year. Since 2004, Yueyang refinery has raised their annual oil 

production to 3.65 million tons by reloading with technologies (DPDSH, 2005). 

According to the “Eleventh Five Year Plan” of SINOPEC, Yueyang refinery’s annual oil 
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production will increase to 7.31 million tons before 2010 (Sinopec Strategic Committee, 

2005). 

 

1.3.2 Market Balance 

According to the SINOPEC annual report (DPDSH, 2005), the total refined oil product 

output of Yueyang refinery will reach 3.65 million tons (t) in 2007, and will increase to 

7.31million tons per year after 2010. By 2007, the total provincial sales volume of refined 

oil products reached 4.5 million tons.  It will rise to 5.21 million tons in 2010 and to 6.78 

million tons by 2016. 

 

We can therefore get the market balance between Hunan society consumption and 

SINOPEC sales, as shown in table 4, chapter 2. The market balance indicated is if the 

total Yueyang refining factory’s refined oil product output was totally distributed to the 

SINOPEC Hunan branch.  The gasoline resource could fill the demand of SINOPEC 

Hunan around 2006, but diesel will need to be redistributed from other provinces. Around 

2010, the oil product resources from Yueyang refinery will fill all the oil product 

demands of SINOPEC Hunan, and the surplus on gasoline and diesel will be high. 

Around 2015, the oil product resources from the refinery will fill all the oil product 

demands of SINOPEC Hunan, and there will be a small surplus of gasoline and diesel. 

Around 2016, the gasoline resource will still generate a small surplus, but there will be a 

shortage in diesel resource. 

 

1.4 Problems and Opportunities  

 

1.4.1 Current Oil Transmission Situation and Problems  

At the time of appraisal of the Oil Pipeline Transmission Project (OPTP), the most 

important way of oil product transportation in Hunan was tank trains, which transported 

87% of the oil products in Hunan (NBSC, 2004). Compared with the oil pipeline, the tank 

train was relatively unsafe, unreliable, inadequate and expensive.  

 

SINOPEC is therefore motivated to meet the continuously increasing energy needs of the 
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population in the Hunan region with the Yueyang-Zhuzhou Oil Product Pipeline. This 

project is expected to lower the dependence on railway transportation, which is 

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

 

1.4.2 Advantages of the Pipeline 

Compared to the current transmission ways for oil product, pipeline transmission 

universally used all over the world has the following advantages: 

�  It is easier for organizing the process of transmission and safe than railway 

transmission.  

�  The total investment of pipeline project is not very large, but the carryings of 

pipeline are much more than that of railway. The costs of a pipeline 

transmission are much lower because of its higher efficiency, with automatic 

transmission with only a small amount of human labor. 

�  Pipeline is an obscuration way of transmission, so there are not carrier 

shortages in transmission process. It is also better for surrounding 

environment and ecosystem protection. 

�  Pipeline transmission is hardly affected by outside environment and is highly 

safe. It can be an all-weather transmission way.  

�     As important part of multi-transmission plan of SINOPEC, the project of 

pipeline has a short construction cycle. It is ideal for achieving the goal of 

developing the economy in the short term. 

 

In short, the oil pipeline can provide cheaper, more stable and more reliable oil products 

to the Hunan region with almost null pollution, compared 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 Yueyang-Zhuzhou Oil Product Pipeline 

construction project is 714 million Yuan RMB, with a foreign exchange component of US 

6.15 million. The total length reaches 274 km from SINOPEC Yueyang Refinery to Oil 

Depots No.815 in Zhuzhou region. Its designed maximal annual transmission capacity is 

5.6 million tons, which will be achieved in 2016 step by step. In 2007, the designed 

transport capacity is 3.69 million tons; in 2010, it will be 4.3 million tons.  Gradually, its 

designed transport capacity will reach 5.6 million tons in 2016 (Production Management 

Department of Sinopec Hunan [PMDSH], 2006). 

 

The pipeline transports two types of oil products: gasoline (#90, #93) and diesel (#0, #-

10). The planned pipeline construction period is 12 months and its designed project life 

cycle is 20 years (2007 to 2026). 

 

 

Figure 4 Project Life Cycle 
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The total project construction cost is 694 million Yuan RMB 30% of which will be 

funded by SINOPEC and the remaining 70% by the China Construction Bank (CCB). 

The annual interest rate of the loan 6.12%, which is, in fact, the declared long-term loan 

interest rate (of at least five years) set by the China Central Bank (PMDSH, 2006). 

 

2.2 Project Key Data 

Production Management Department of Sinopec Hunan (2006) provides the Key data in 

their Annual Report (2005). Table 1 summarizes the total market demands from 2003 to 

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

 

Table 1 Current Situation and Forecast of Demand for Oil Products (Unit: million tons) 

Sort  2003 2004 2005 2007 2010 2012 2015 2016 

Society 
Consumption 118.7 130 139 155.6 180 196.9 224.4 234.7 

Growth Rate 9.6 12 6.8 5.1 5 4.7 4.5 4.5 
SINOPEC 

Sales 
110.4 120.9 291 145.2 168.0 183.3 209.2 218.6 

Diesel 

Growth Rate 12 9.5 6.8 5.2 5 4.4 4.5 4.5 
Society 

Consumption 
228.2 273.5 291 326.4 378 412.8 471 492.2 

Growth Rate 9.7 19.9 6.8 5.2 5 4.4 4.5 4.5 
SINOPEC 

Sales 214.5 254.5 272 304.5 353 384.9 439.2 459 

Gasoline 

Growth Rate 10.5 18.6 6.8 5.0 5.0 4.5 4.5 4.5 
Society 

Consumption 346.9 403.5 430 482 558 609.7 695.4 726.9 

Growth Rate 9.7 17.2 6.8 5.0 5 4.5 4.5 4.5 
SINOPEC 

Sales 
324.8 376 401 449.7 521 568.2 648.4 677.6 

Growth Rate 11 15 6.8 5.1 5 4.4 4.5 4.5 

Total 

Percentage of 
Market Share 

93.7 92.5 93.2 93.3 93.2 93.2 93.2 93.2 

 

Table 2 shows the market demands that SINPOEC faces from 2003 to 2016. 

Table 2 Forecast of SINOPEC Sales in Hunan (Unit: million tons) 

SINOPEC Sales 2003 2004 2005 2007 2010 2012 2015 2016 

Gasoline 110.4 120.9 291 145.2 168.0 183.3 209.2 218.6 

Diesel 214.5 254.5 272 304.5 353 384.9 439.2 459 

Total 324.8 376 401 449.7 521 568.2 648.4 677.6 
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Table 3 report the production ability of Yueyang Refinery of SINPOEC from 2000 to 

2016.  

Table 3 Annual Production of Yueyang Refinery (Unit: million tons) 

 2000 2001 2002 2003 2004 2007 2010 2016 

Gasoline 120.3 108.4 115.6 123.3 129.5 145 258 258 

Diesel 214.5 191.9 187.6 179.3 239.9 220 473 473 

Total 334.8 300.3 303.2 302.6 369.4 365 731 731 

 

In Table 4, a forecast of the future market balance is displayed. “Outside distribution” 

means the oil products resource to be distributed from outside  the Hunan province; 

“Resource” means the oil products resource to be distributed by the Yueyang refinery; 

“SINOPEC sales” means the market sale demand of SINOPEC, and “Market balance” is 

defined as the difference between the oil products sale demanded and the oil products 

resource supplied.  

 

Table 4 Forecast of Market Balance (2007-2016) (Unit: million tons) 

Year Sorts 
Outside 

Distribute 
Resource 

SINOPEC 

Sales 

Market 

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 arrangement data. “Initial investment” consists of 
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the pipeline construction cost, intangible asset cost and the deferred assets cost (including 

project consultation cost, the project insurance cost and the safety appraisement cost and 

so on).  It also includes the physical contingency allowance, estimated at 10% in the 

appraisal, given the nature of the terrain over which the transmission pipeline was to be 

constructed, and the potential for variation of raw material’s price and technical 

specifications. “Construction period interest” was calculated with the interest rate of the 

long term bank loan set at 6.12%.  

 

Table 5 Project Estimated Investments and Financing Arrangement  

(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   

1.2 Construction 
period interest 

14.88 14.88   

1.3 Current capital 5.43  5.43  

 

2 Total funds 714.96 

2.1 Form SINOPEC 213.82 

2.2 Form Bank Loan 501.14 

 

Interest rate of the long term bank loan is 

6.12%. 

 

 

 

There are several basic published by the National Profession Standard Committee. The 

details are shown in table 6. The “Benchmark Rate of Return” is considered as the 

minimum expected benefit rate of the company in financial evaluation. Transmission loss 

rate means the percentage of oil products lost in pipeline transmission. 
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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% 

 

Table 7 is the Estimated Initial Investment and Total Investment. “Construction cost” 

consists of the pipeline construction cost, the oil depot construction cost and the material 

and equipment cost. The “Intangible asset cost” consists of the project research cost, the 

reconnaissance of pipeline poison cost and the project design cost.  The “Deferred assets 

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

appraisement cost. 

 

Table 7 Estimated Initial Investment and Total Investment of This Project 

Items 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 8 shows the project running cost, which is the project annual variable cost for 
operating, not including the fixed cost depreciation. 
 

Table 8 Project Running Cost (Unit : million Yuan) 

 

Table9 is annual sales income, taxes and profit, when project is operating. 

 

Table 9 Sales income, Taxes and Profit indicators (Unit: 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 11.45 101.58 

5 146.77 4.84 15.12 109.42 

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 

 

 

 Running 
Period 

Energy  
Cost 

Salary  
Cost 

Repaired  
Cost 

Interest 
Cost 

Other 
Cost 

Running 
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 
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2.3 Project Information Sources 

SINOPEC (Hunan Branch) performed a preliminary evaluation of the proposed project. 

Based on the project design report, national and provincial policies, and interviews with 

the Bank’s project staff, complemented by the findings of the filed mission to China. The 

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

  

During the field mission, constructions were made with various stakeholders such 

SINOPEC (the executing Agency) and several other government ministries and agencies. 

SINOPEC (Hunan Branch), the major benefactor of the project, provided information on 

the socio-economic impact of the project in the region based on surveys conducted in 

2005. The information was also obtained through direct observation and participation in 

the social setting and from the local newspapers.  

 

2.4 Evaluation Methodology 

 

It is important to mention that the original preliminary evaluation report of SINOPEC 

(Hunan Branch) is essentially a financial assessment, not an economic evaluation.  It only 

focuses on the profitability of the company, not on social welfare.   

 

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

point of view of the social planner, whose target is to maximize the total net benefits of 

all members of the economy as a whole. This thesis is, in terms of economic science, a 

cost-benefit analysis of the Yueyang-Zhuzhou Oil Product Pipeline transmission project, 

and here it goes well beyond the simply examination  of financial data. 

 

Indeed, a cost-benefit analysis (CBA) is a set of techniques for project appraisal which 

allows to table into account some social welfare aspects. It is the process of weighing the 

total expected costs against the total expected benefits of 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-benefit analysis is listed below, table from 

the Canada Treasury Board, Benefit-Cost Analysis Guide (1998), 

 
1. Examine needs, consider constraints, and formulate objectives and targets.  

2. Define options in a way that enables the analyst to compare them fairly.  

3. Analyze incremental effects and gather data about costs and benefits.  

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

5. Run the deterministic model: net present value (NPV) 

6. Conduct a sensitivity analysis to determine which variables appear to have the 

most influence on the NPV. 

7. Analyze risk by using what is known about the ranges and probabilities of the 

costs and benefits values and by simulating expected outcomes of the investment.  

8. Identify the option, which gives the desirable distribution of income  

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

of factors that cannot be expressed in dollars, make a reasoned recommendation. 

 

This sequence is the preferred approach for structure a cost-benefit analysis and so this is 

the method we apply in the present thesis.  

 

One of the problems of CBA is that the computation of many impacts (positive and/or 

negative) of the project is approximate. However, other approached for fail to suggest 

measurement. Therefore some basic economic principles are needed as a guide.  

 

A financial evaluation is also carried out during this study, but only for the purpose of 

comparison with the cost-benefit analysis.  We implement a full cost-benefit analysis with 

consideration of the project effects on all people involved. However, our focus is the 

probability analysis of project risks on the main evaluation criterion, the Net Present 

Value (NPV). For this purpose, Monte Carlo simulations of the principal risk factors and 

performed.  
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Monte Carlo methods are mainly used in mathematics to solve various problems by 

generating suitable random numbers and observing that fraction of the numbers obeying 

some property or properties. The method is useful for obtaining numerical solutions to 

problems which are too complicated to solve analytically. More broadly, Monte Carlo 

methods are useful for modeling phenomena with significant uncertainty in inputs, such 

as the calculation of risk analysis in economics. A classic use is for the evaluation of 

definite integrals, particularly multidimensional integrals with complicated boundary 

conditions (Farrar, 1990). The Monte Carlo method is particularly useful in project risk 

analysis when the decision criterion is of a complex, nonlinear, or non-elementary 

functional forms or the criterion involves more than a couple risk factors. A simulation 

can typically involve over 10,000 evaluations of the model, which poses no problem with 

today’s computers. 

 

For our risk analysis, the Monte Carlo simulation is an appropriate choice because the 

functional form of the project net present value (NPV) is quite complex and its explicit 

probability distribution seems too difficult to be obtained, even if all probability 

distributions of risk factors were known.  We must first determine the probability 

distribution of all risk factors using available information or researcher’s subjective 

judgment. Next, we must estimate the parameters with project-specified information. 

Finally, we must compute the project NPV utilizing the techniques of computer 

simulation. Clearly, the determination of risk probability distributions, including 

estimation of the unknown parameters, is the crux of this stage.  
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CHAPTER 3 

PROJECT FINANCIAL EVALUATION  

Although the SINOPEC’s financial evaluation report mentions most facets of the project, 

it provides no computational details about their assessment. In this chapter, we study the 

financial feasibility of the project as a necessary preparation for the cost-benefit analysis 

in the next chapter.  

 

3.1 Project Cash Flows 

In a financial feasibility study, the project cash flows must first be identified and 

specified.  

 

3.1.1 Project Cash Outflows 

Cash outflows are the total expenditures in a given period within the project lifetime. For 

the current project, the cash outflows include the following items: 

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

2. Project current capital cost it will outflow in the second year and the last year of 

the project life cycle. 

3. Running cost it consists of the energy cost, salary cost, repaired cost, interest cost 

and other management costs. The project running cost will outflow from the 

second year to the last year of the project lifetime. 

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

the second year to the end. 

 

3.1.2 Project Cash Inflows 

The cash inflow is the total annual sales income received by the project owner in the 

given period within the project lifetime. For the project in question, the cash inflow 

comes only from sales income, which depends on transportation price. The sales incomes 
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will inflow from the first running year to the end of the project lifetime. 

 

3.1.3 Project Net Cash Flow 

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

Net cash flowt = Cash inflowt �  Cash outflowt 

where t takes 0, 1, 2, …, 20 for the current project.  The computed net cash flows are 

displayed in table 10 below. 

 

Table 10 Net Cash Flows5   (Unit : million Yuan) 

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 -72.57 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 

                                                 
5 The inflation factor has been already deal with in the original financial data. 
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3.2 Project Profitability  

 

We use the most popular project profitability measurements NPV and IRR to evaluate this 

project on the financial level.   

 

Net Present Value (NPV) is a standard method for the financial evaluation of long-term 

projects (Baker, 2000). All projects with a positive NPV are considered profitable on 

financial level. The NPV’s formula can be written as follows: 
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where I0, a negative number, is the initial investment, T indicates the last period of the 

project lifetime, NCFt stands for the net cash flow occurring in period t, and r represents  

the annual rate of return.  

 

The rate of return is referred to as the discount, interest, hurdle rate, or company cost of 

capital. Companies frequently use a standard rate for the project, as they approximate the 

risk of the project to be, on average, the risk of the company as a whole. For SINOPEC, r 

takes a constant value of 12%, according to the National Professional Standards (Sinopec 

Audit Committee, 1999). More that, r is the real interest rate.  

 

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

NPV = - 175.90 million RMB. 

With a negative NPV, the proposed project is not financially profitable and is ruled out 

according to the NPV Rule. 

 

The Internal Rate of Return (IRR) is defined as the discount rate that makes the project 

have a zero NPV (Baker, 2000). The IRR indicates the rate of return required for the 

project to break-even financially. In other words, the cumulative discounted cash inflows 

compensate exactly the cash outflows at the IRR. Hence, the IRR measures the project 

ability to recover the investment that has not yet been recovered during the project 

lifecycle.  Mathematically, the IRR is the solution to the fractional equation:  
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Note that, for all net cash flows, NCFt >0 for t ³ 1. This ensures the existence and 

uniqueness of the solution to the above equation. In fact, it is easy to see that NPV is a 

strictly decreasing function of r .  

 

Using the above table of Net Cash Flows, we obtain  

IRR = 7.77%. 

The estimated IRR is smaller than the benchmark rate of return (12%). This means that 

the pipeline project is unprofitable at a financial level since the investor expects a rate of 

return as least as 12%. In summation, the two estimated financial indicators are stated in 

the following table: 

Table 11 Estimated Financial Indicators 

 

 

3.3 Financial Sensitivity Analysis 

The financial feasibility of this project relies on several forecasts and assumptions. The 

sensitivity analysis is an examination of the impacts of variations in each input variable 

on the project performance. In this section, we will do a sensitivity analysis on each of 

the inputs used in financial analysis. For the indicator of the project performance, we 

chose the IRR, instead of NPV, for our sensitivity analysis. We chose this indicator for the 

sole reason that we intend to avoid dealing with negative NPV values.  

 

According to the characteristics of the present oil pipeline project and the uncertainty 

factor selection methodology of the comparable projects, the project mainly involves the 

following three uncertainty factors: 

····     “Transportation Price” is the minimum of the long-run average total cost in 

NPV 

(r = 12%) 

IRR 

(Benchmark Rate of Return = 12%) 

-175.90 million < 0 7.77% < 12% 
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this project, or the long-run break-even point. According to Yueyang-Zhuzhou 

oil pipeline project charter 2006, our project analysis used 0.13 Yuan/t.Km as 

the oil pipeline transportation price, based on the supposition that the expected 

project IRR reached 12%. Supposing that the transportation price can vary 

upward and downward around its estimated value with a range of 20%, which 

is� 0.10�� 1.56	 Yuan/t.Km, the calculated corresponding values of IRR 

read as in Table 12-1. 

 

Table 12-1 Sensitivity 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 products that the oil pipeline 

will transport every year.  We propose that the transportation quantity can 

vary upward and downward around its estimated value with a range of 20%, 

which is � 4.48� 6.72	 million tons. The calculated corresponding values 

of IRR are listed in Table 12-2. 

 

Table 12-2 Sensitivity 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 investment. We assume that the 

transportation quantity may vary upward and downward around its 

estimated value with a range of 20%, which is � 555.72� 833.58	 million 

Yuan. The calculated corresponding values of IRR are listed in Table 12-3. 

 

Table 12-3 Sensitivity to Initial Investment 

Initial Investment  IRR 

-20% 10% 

-10% 9% 

0 7.7% 

+10% 6.6% 

+20% 5.7% 

 

Obviously, the IRR is most sensitive to the transport price, and then to the transportation 

quantity and the initial investment. When transportation price, transportation quantity and 

initial investment decrease or increase by one percent, the IRR will change by 1.71%, 

1.48% and 1.35%, respectively. 

 

3.4 Chapter Summary 

 

The financial assessment done in this chapter shows that the proposed oil pipeline project 

is not profitable for SINOPEC.  We have seen that the project is not acceptable according 

the NPV Rule and IRR Rule; nevertheless, such results do not imply unfeasibility of the 

project from the point of view of the whole society.  Moreover, the sensitivity analysis in 

this chapter is heuristic for the sensitivity and risk evaluation 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 implemented for the Yueyang-Zhuzhou Oil 

Product Pipeline Transmission Project. With respect to social welfare, the process of 

weighing the total expected costs against the total expected benefits of one or more 

actions in order to choose the best or most profitable option is an important approach of 

project appraisal (Tevfik, 1996). Compared to project financial analysis, cost-benefit 

analysis is more sophisticated and complete. In a cost-benefit analysis, a monetary value 

is assigned to all aspects of the project, including the intangible costs and benefits; the 

price used in a cost-benefit analysis is the economic value of goods involved, not 

necessarily the market price.  For these reasons, cost-benefit analysis may is more 

difficult to carry out in most cases.  

 

The process of a cost-benefit analysis involves the monetary calculations of initial and 

ongoing expenses versus the expected return. Cost-benefit analysis attempts to put all 

relevant costs and benefits on a common temporal footing. A social discount rate is 

chosen, which is then be used to compute all relevant future costs and benefits in terms of 

present values. The social discount rate used for the net present-value calculations in the 

cost-benefit analysis is a rate that reflects the time preference of the whole society 

between present and future. Determination of the social discount rate traditionally 

involves a deeper study of the collective welfare function.  According to the China 

Statistical Bureau, the commonly used social discount rate is 10% for cost-benefit 

analyses (Peter & Joseph, 1999). 

 

Cost-benefit analysis is mainly, but not exclusively, used to assess the value of public 
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sector projects (Bent & Soren, 2005). This is because public projects tend to include 

some costs and/or benefits that are less amenable to being expressed in financial or 

monetary terms. For instance, the true value of a land may be higher or lower than its 

market price if the land market is not perfectly competitive.  In this case, the shadow 

price (also called the economic price) must be applied.  

 

Cost-benefit calculations are similar to those that we use in the project financial analysis. 

By converting the future expected streams of social costs and benefits to a present value 

amount, one can select the best project, the one maximizing the discounted net benefits 

over all available options. 

 

4.2 Steps of Cost-Benefits Analysis (Methodology) 

 

Actually, there is no ‘cookbook’ or universal steps for a cost-benefit analysis. Each 

analysis is different and requires careful and innovative thought. It is helpful, however, to 

have a sequence of well defined steps for any project to be evaluated. 

 

              

 
We propose utilizing the following steps for this study:  

 

1. Analyze incremental effects and gather data about costs and benefits. Set out the 

costs and benefits over time in a spreadsheet. Express the cost and benefit data in a 

valid standard unit of measurement (for example, convert the actual purchased 

value of lands into their economic value, with the undistorted economic prices; the 

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

require consultations with the decision-maker and others, the gathering of a wide 

variety of Benefit-Cost Analysis Guide 9 information, and the use of a number of 

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

maker is kept in touch with the form of the analysis and the assumptions being 

made. 

- Treasury Board, Benefit-Cost Analysis Guide, 1976 
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details are shown in Section 4.3). 

 

2. Run the deterministic model (using single-value costs and benefits as though the 

values were certain). For this pipeline project, the deterministic estimate of net 

present value (NPV) is calculated in Section 4.4. 

 

3. Conduct a sensitivity analysis to determine which variables appear to have the most 

influence on the NPV of the oil pipeline project. Consider whether better 

information about the values of these variables could be obtained to limit the 

uncertainty, or whether actions can limit the uncertainty (such as negotiating a 

labor rate, for example). Then consider if the cost of this improvement is low 

enough to make its acquisition worthwhile; if so, act.  This procedure is elaborated 

on in Section 4.5. 

 

4. Select the best alternative to the proposed project in a way that enables the analyst 

to compare it fairly. If one option is being assessed against a base case, one must 

ensure that the benchmark is optimized in view of social welfare. Section 4.6 for 

further details this step. 

 

5. Analyze the risk by using the known information about the ranges and probabilities 

of the costs and benefits values and by simulating expected outcomes of the 

investment. This risk analysis is carried out in Chapter 5. 

 

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

independent of the first four steps. Consequently, the 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 Project Use 

The project plan states that the pipeline and oil station of the project will take over 36.5 

Mu6 land in total for permanent use for a 20 year period (the project lifetime), and will 

temporarily use 7,620 Mu land for one year (the construction period). According national 

policy for the actual purchased price of the acquired land (The Ministry of Land & 

Resources P.R.C, 2000), SINOPEC should pay 120,000 Yuan/Mu for the permanent used 

land and 8,660 Yuan/Mu for temporary used land. In the assessment report of SINOPEC 

(Hunan Branch), the project used lands are valued at these market prices. In this approach, 

the total cost of taking over land in this project is 4.38 million plus 66.05 million Yuan. 

 

Without government authorization, it is illegal to freely trade in lands. With trade barriers 

in place, one has no reason to believe that the market price reflects the true value of the 

land. In fact, the “market price” under government control may underestimate the true 

value of the lands because of the scarcity of the resources. The economic price, or 

shadow price, reflects the true value of the land since it is the opportunity cost of the use 

of the lands.   

 

To correctly calculate this opportunity cost of used lands, we need to estimate the value 

of the annual yields of these lands if they were alternatively used for planting crops. 

Agricultural production is actually the only alternative use of these fields. According to 

Hunan Statistical Yearbook 2005, the average value of annual agricultural yields in 

Hunan Province is 11,000 Yuan/Mu (Bureau of Statistic of Hunan, 2003).  The 

opportunity cost of the project used land is thus based on this information. Table 13 

provides a comparison between the land market price and the economic price.  Indeed, 

the market price underestimates the land’s true value. 

 

 

 
                                                 
6 A Chinese unit of area, 100 Mu ~797.3 sq yd, or ~0.1647 acres. 
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Table 13 Cost of Land Use 

 Permanent Usage Temporary Usage 

Based on Actual Purchased Price 4.38 million Yuan 66.05 million Yuan 

Based on Shadow Price 
11,000 × 36.5 × 20 
= 8.03 million yuan 

11,000 × 7,620 × 1 
= 83.82 million yuan 

 

 

4.3.2 Tax  

Cost-benefit analysis is a specific application of welfare economics techniques that 

excludes tax and allowance aspects, because transfers between members or groups of 

members do not change social welfare. We treat all taxes (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 SINOPEC’s own money.  In other words, we 

do not consider the interest SINOPEC would have to pay the bank. The time value of 

those bank loans must be considered, as must be the social discount rate, being 10% in 

China. The total project investment is 714.96 million RMB and approximate 30% of it is 

funded by SINOPEC, the rest of 70% is provided by bank loan (PMDSH, 2006). The 

totality of the interest yielded by the loan of 501.14 million RMB is set to zero in CBA. 

 

4.3.4 Correction for the Exchange Rate  

The budget of this project covers a foreign exchange cost of USD 6.15 million for 

equipment purchase. This USD 6.15 million is calculated to 50.98 million RMB by 

current foreign exchange rate (US$100 = RMB
 829, Aug 2005)7, when SINOPEC had 

purchased the equipment ahead of schedule. 

 

                                                 
7 The Aug 2005 currency conversion rate of RMB� 8.29 to US$1.0 has been used. 
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It is worth mentioning that the distortions in foreign exchange rate can arise when there is 

a lack of freedom and openness for the domestic currency or if there are major distortions 

in the domestic economy because of taxes, subsidies or regulations.  In the case of 

Chinese currency, there are certain limitations of this nature. Hence shadow the price of 

foreign exchange rate should be used in our CBA. The calculation of the shadow price of 

foreign exchange is, needless to say, a job for a finance expert, even more so for the 

benefit-cost analyst. In this thesis, we decide neither to use the above the foreign exchange 

cost computed with the nominal exchange rate, nor to go to a deep study on the shadow 

price of the foreign exchange rate. We use real exchange rates to approximately compute 

the real costs in foreign currency.  

 

The real exchange rate (RER) is an important concept in economics. It is defined as 

RER = e (P/P*), 

where the nominal exchange rate e is defined as the number of units of foreign currency  

per unit of domestic currency;  P is the domestic price level, which we obtain from the 

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

 

According to public data from the websites of the National Bureau of Statistic of China 

(2005) and the U.S. Bureau of Labor Statistics (2005), we have the consumer price index 

and the USD/RMB exchange rate for Aug 2004 and Aug 2005 are: 

 
             Table 14 Exchange 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 the U.S. is different. We set 2004 as the 

common base for both countries’ CPI.  Thus, 

CPIu.s. 2004=100; 

CPIu.s. 2005 = 100 × (196.4/189.5) = 103.91. 
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And we get 

RER = e (P/P*) = 8.29 × (103.91 ÷ 101.3) = 8.50. 

 

8.50 is the real exchange rate between USD and RMB in August 2005. According to this 

result, the real foreign exchange cost of this project is 52.36million RMB (6.15 million 

USD times 8.5).  

 

4.4 Social NPV 

 

To calculate the social NPV of this project, denoted by NPVsocial, we must consider 

several key points that are different from those of the financial analysis.  These are listed 

in Table 15. 

 

Table 15 Difference between Financial Analysis and Cost Benefit Analysis 

 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 

Indirect Costs and Benefits of 
Society 

Excludes Includes 

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 whole society, not solely the project 

owner. With CBA, we use the data discounted at social discount rate and/or based on 

economic prices to calculate the project’s NPVsocial. Consequently, the CBA results differ 

from that of the financial analysis.  

 

The next stage, we discount all cash flows involved in the CBA at the constant social 
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discount rate, 10%, to facilitate the calculation of NPVsocial, 

 

4.4.1 Initial Investments  

The components of the initial investment are displayed in Table 16. In this table, the term 

“financial value” means the initial investment valued at market prices, while “economic 

value” means the value of the initial investment valued at economic or shadow prices as 

discussed in Section 4.3. According to the project plan, all initial investments will be put 

into use in first year.  

 

Table 16 Initial Investments (Unit: 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 period8 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 costs in energy, human labor, maintenance 

and all other variable costs taking place during the project lifecycle.  

 

 

4.4.3 Incomes   

SINOPEC’s incomes include revenues from sales. The sales income minus the running 

cost gives the net cash flow for each period of the project lifetime. The details are in 

Table 18 as below: 

 

                                                 
8 Interest is listed here only for comparison of financial and economic considerations. 
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Table 17 Running Costs (Unit: million Yuan) 

Period Energy 
Cost 

Salary 
Cost 

Maintenance 
Cost 

Other 
Cost 

Interest 
Cost 

Total Running 
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 18 Sales Income and Producer’s Surplus (Unit: 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 Producer’s Surplus 

In CBA, the increment of consumer’s surplus must be incorporated into the social welfare 

decision-making model as intangible benefits generated from the project. 

    

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

willing to pay) is higher than the real purchase price. When the price does down from P to 
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P�, the increment of consumer’s surplus is equal to the shadowed area in Figure 5. 

 

                           P 

 

 

                          P’                                                  Demand curve 

 

                                                                                        Quantity 

Figure 5 Consumer’s Surplus Increment 

 

However, the present pipeline project is simply a substitute of the existing land 

transportation methods without any effect on market equilibrium price. In fact, the project 

provides exactly the same oil products in quantities, quality and price. This implies that 

there is no increment in consumer’s surplus with the project in itself. For this reason, only 

producer’s surplus is taken into account in our analysis.  

 

In economics, the producer’s surplus, defined by the difference between the firm’s 

income and the variable cost, is a concept somewhat symmetric with the consumer’s 

surplus. In project cost-benefit analysis, the producer’s surplus is taken into account in 

the NPV but is not considered as an intangible benefit since it is tangible “gross profit”.  

 

4.4.5 Discounted Net Benefits 

Table 19 shows the computed cash inflows, outflows and net benefits. The discounted net 

benefit was calculated by:  

Discounted Net Benefits = Net Benefits / (1+ 10%9) n 

 

4.4.6 Social Net Present Value and Internal Rate of Return  

In cost-benefit analysis, the NPVsocial and IRRsocial formulas are exactly the same as those 

used in financial analysis, while the cash flows are net social benefits. Using the social 

discount rate of 10%, we find that  
                                                 
9 As section 4.1 noted, China social discounted rate is 10%. 
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NPVsocial = 152.35 million Yuan; 

IRRsocial = 12.75%. 

The project become economically feasible according to the NPV Rule since the NPVsocial 

is positive. Moreover, the estimated internal rate of return of the project is 12.75%, which 

is higher than the social discount rate of 10%. The project in question is therefore also 

feasible according to the IRR Rule.   

 

Table 19 Discounted Net Benefits (Unit: million Yuan) 

Time Cash inflow Cash outflow Net Benefits 
Discounted  
Net Benefits 

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 three important factors (project parameters) 

that may affect project feasibility. Their definitions and the reasons why we have selected 

them as uncertainty factors for the pipeline project are stated below. 

 

1) Annual Running Cost  

Here, we call the “annual running cost” the cash outflow valued with economic 

prices in each period after the 2016, when the pipeline reaches its maximal 

transmission capacity (5.6 million tons). The annual running cost is the most 

important warranty on the normal running of the pipeline. 

2) Transportation Quantity 

By “transportation quantity”, we mean the quantity that the pipeline transports 

during each year of the project lifecycle. The transportation quantity varies from 

year to year. This is therefore a hierarchical consideration of an uncertainty factor 

since the sequence of period-specific transportation quantities affects the project 

feasibility as a whole. The transportation quantities are determinants of the project 

scale.  

3) Initial Investment  

Intuitively, the magnitude of the initial investment is always a key factor that 

determines the project scale and hence it has a considerable impact on the project 

profitability. 

 

4.5.2 Gross Sensitivity 

Gross sensitivity, single factor sensitivity and univariate sensitivity are synonymous. The 

influence of a single parameter of the project on the decision criteria is examined in the 

gross sensitivity analysis. 

 

�  Effect of Transportation Quantity  

We set the transportation quantity to float between -25% and +10%, around its 
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most possible value (the designed quantity). We then studied how the NPV and 

IRR float with this uncertainty factor. Table 20-1 shows the results. 

 

Table 20-1 Effect of Transportation Quantity  

Change (%) Change in million tons NPV social 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 between -10% and +25% around its 

most possible value (the planned amount). Table 20-2 shows the NPV and IRR 

float with this uncertainty factor. 

 

Table 20-2 Effect of Initial Investment  

Change (%) Change in million Yuan NPV social 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 between -10% and +135%, around its 

most probable value (the planned amount). Table 20-2 shows how the NPV and 

IRR float with this uncertainty factor. 
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Table 20-3 Running 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 determined based on our preliminary 

investigation and on peer experiences: the floating range 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 detection of the most sensitive factors. In view 

of practicality, the sensitivity of decision criteria with regard to multiple sensitive factors 

is examined in order. In order to intuitively reveal the factors that has the most significant 

influence on NPV. Figure 6 is the spider plot of NPV curves.  

 

 

 

Figure 6 Spider Plot of Multi-Factor Sensitivity 

 

This chart pools the numerical results of Table 20 (1-3). Essentially, this is not a real 



 41 

multi-factor sensitivity analysis. Each NPV curve makes the outline of variation of NPV 

when a single parameter varies and the others held constant.  Such a spider plot makes it 

easier to compare the single sensitivities and reveal the factors that have the most 

significant influence on NPV.  A real multiple factor sensitivity analysis is carried out in 

Section 4.5.4.  

 

The central point of the spider plot is the NPV when all the factors are at their baseline 

values (expected or designed values; 121 million Yuan for this project). The “tentacles” 

on the spider chart show how the NPV changes as the values of each factor change, 

ceteris paribus. The interpretation box is taken only for the common change interval [-

10%, 10%] for every factor.  

 

We could have taken a larger interpretation box as long as we were ready to do a trivial 

and long computation. Thus, wherever a 'tentacle' of the spider plot crosses the top or the 

bottom of the box, it shows what the NPV would be if there is a 10% change in the 

particular parameter. In the small neighborhood of the central point, a flatter curve 

(tentacle) corresponds to a factor to which the NPV is more sensitive.  

 

We conclude from the spider plot that the NPV is more sensitive near its baseline value to 

two factors: the Running cost and the Transportation quantity. 

 

4.5.4 Joint Influences of Running Cost and Transportation Quantity 

For simultaneous changes in the two main sensitive factors, we analyzed how the NPV is 

sensitive. Table 21 displays the computed effects. 

 

The identified critical combinations of the two uncertainty 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 21 Joint Influence of Running Cost and Transportation Quantity  

(Unit: million RMB) 

Project Running Cost Transportation 
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 change of 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 our definition of NPV, the consumer’s 

surplus is excluded for sake of simplicity.  The exclusion of the consumer’s surplus does 

not affect the baseline value of NPV, but it does have an impact on the project sensitivity. 

If the consumer’s surplus is added as a part of the social benefits associated to the project, 

a reduction of oil supply causes significant loss in social benefits. The above “abnormal” 

phenomenon would then disappear. This is corroborated with the prediction made by 

SINOPEC, which states there will be a doorstep of shortage in 2016, and that the supply 

quantity of 2016 corresponds to 95% of the designed capacity.  Actually, according to 

Sinopec Hunan Annual Report (2005), the elasticity of oil demand in Hunan is 0.5 to 0.6 

and it means when facing a doorstep of shortage, the demand becomes significantly 

inelastic. Yet, the more the demand is inelastic, the more the consumer loses with the 

reduction of equilibrium quantity. This is shown in Figure 7-1 and Figure 7-2. In short, 

the “abnormal” phenomenon is caused by the omission of the consumer’s surplus from 

the NPV.  
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Figure 7-1 Loss in Consumer’s Surplus with Elastic Demand 

 

 

            

Figure 7-2 Loss in Consumer’s Surplus with Inelastic Demand 

 

 

4.6 Alternative Project 

 

4.6.1 Alternative considered 

As stated in the background section, the current transportation methods of oil are freight 

trains (tank cars), tank trucks and Inland River tankers. Historical data indicates that 87% 

of oil products are transported by tank train in Hunan province.  

 

4.6.2 Advantages/Disadvantages 

Generally, transporting freight by train is highly economic, and also more energy efficient 

than transporting freight by road and ship. Without the pipeline, rail freight is the most 
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economic method when freight is being carried in bulk and over long distances; however, 

rail freight is less suited to short distances and small loads. To easily compare the options 

of pipeline and tank train, we suppose that all of oil products would be transported by 

tank train in Hunan if there were no the proposed project. If the pipeline is better than the 

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

 

Freight train offers a lower cost per kilometer of train operation but at a very high initial 

cost, which can only be justified on high traffic lines. Since the cost per kilometer of 

construction is much higher, freight train is less favored on long-distance lines. In 

considering the cost of the freight train, we do not include any costs for railway track 

construction because we assume that the previously-made railroad tracks will be used.  

The project initial cost just includes locomotives, tank cars and loading area station 

construction. 

 

The main disadvantages of rail oil are its lack of flexibility, unsafely, and environment 

pollution. Today, many governments do not encourage oil transportation by train because 

of the considerable environmental costs. 

  

4.6.3 NPV of Alternative Project 

According to national regulation, the average capacity is 50 tons per tank car (Xiong, 

1998). It can run 3 to 4 times per day over the 274 Km distance between Yueyang 

refinery and Zhuzhou oil depot (Zhu, 2003). In its lifetime, the average transportation 

quantity of a tank car is thus: 

50 ́  (3 + 4) / 2 = 175 tons 

The normal capacity of the pipeline is 5.60 million tons per year. To transport such a 

quantity, we need 

5.6 million ÷ 175 ÷ 365 » 88 tank cars per day 

Implicitly, we assume a workload depreciation of tank cars in the above calculation, i.e. 

the tank car depreciates linearly with its workload (full load running distance). 
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We set the renewal and maintain rate10 for tank cars as 15% (Han, 2004). In total, we take 

at least about 100 tank cars for transporting 5.6million ton oil products. Suppose that 20 

tank cars need one locomotive to drive (Department of Transportation of Central South 

University, 2000). Thus, five locomotives are necessary to fulfill the daily task of the 

pipeline.  

 

The tank car and locomotive’s market price are 230,000 million Yuan and 14 million 

Yuan in 2005, respectively, and the loading station construction cost is 20 million Yuan. 

This is shown below, in table 22.  

 

Table 22 Alternative Project’s Key Performance indicators (Unit: million RMB) 

Items Unit Market price million Yuan 

Locomotives 5 14 million 70 
Tank cars 100 0.23 million 23 

Loading station 
construction 

 20 million 20 

Initial Investment  113  

 

Running cost11  274×0.16×5.6 245.5 

Loss rate12  4550×3‰×5.6 76.44 

Midseason cost 
(Qu, 2004)  

(274×4×2000-
0.22×274×560/365)×30days 38 

Environment cost  
(Han, 2004) 

 108×274/20year 14.8 

Cash outflow  337.74  
 

Cash Inflow 274×0.22×5.6 337.34 

 

Table 23 shows that the alternative project’s NPV is much lower than the pipeline 

                                                 
10 It means the maintain cost and renewal cost of tank cars. 
11 According to Zhu (2003), “The unit operating cost of railway freight in China is � 0.16/ton.Km.” 
12 Railway freight loss rate is 0.3% and weighted average price of gasoline and diesel is � 4550 /ton 
(Department of Transportation of Central South University, 2000). 
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project’s (121.05 million Yuan).  Moreover, because its NPV is negative, the alternative 

project is not considered feasible, when compared with oil pipeline project. 

 

Table 23 The Alternative Project’s Cash Flow and NPV 

 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 the alternative project and the oil pipeline 

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

million tons/year, the total annual charge is 160.5 million Yuan lower than the total 

annual charge of the current transportation method.  

 

Table 24 Price Comparison with the Pipeline Project 

Terminal 
Station Km 

Charges of 
Railway Tanker 

(Yuan) 

Charges of Oil 
Pipeline (Yuan) Save 

Transportation 
Quantity (millon 

Tonne) 

Total 
Save 

(million 
Yuan) 

Yueyang Oil 
Depot 34 33.13 4.42 28.17 0.41 11.77 

Miluo Oil 
Depot 123 44.13 15.99 8.14 0.22 6.19 

Changsha 
Oil Depot 189 60.77 24.57 36.20 1.53 55.28 

Xiangtan 
Oil Deot 

262 64.86 32.89 31.97 0.35 11.19 

#815 
Zhuzhou Oil 

Depot 
274 60.24 35.62 24.62 3.09 76.07 

Sum     5.6 160.5 

 

Otherwise, the pipeline transportation loss rate is 0.1%, while the current transportation 

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

the savings with the pipeline is 

560 million tons *(0.3%-0.1%)*4550 = 50.96 million Yuan. 
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Therefore, comparing the current transportation and combining the price saving and loss 

rate saving, the oil pipeline project will save 160.5 + 50.96 = 211.46 million Yuan/year. 

 

According to this comparison, the NPV of the pipeline project is much higher than the 

best possible alternation (i.e. railway tanker). Obviously, the expected price of pipeline 

(there must also be some space for the pipeline price to up-float) and loss rate are also 

much lower than railway tanker’s.  

 

4.7 Conclusion 

 

Our cost-benefit analysis for the proposed Yueyang-Zhuzhou Pipeline project is almost 

complete, except for the lack of a probability analysis for the risks. We find that the 

economic net present value (121.05 million Yuan) of the project is positive and the 

economic internal rate of return (12.39%) is higher than the society’s expected rate of 

return (10%).  Both of these two principal criteria indicate that the proposed project is 

economically desirable, although the project is financially unprofitable according to the 

conclusion of Chapter 3. We find also that the best alternative, the tank train 

transportation, is undesirable since its economic net present value is negative. The 

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

PROJECT RISK ANALYSIS 

The motivation of any investment is to maximize the expected return of investment (Cai, 

2004). However, future returns are affected by uncertainties, and therefore, investment 

almost always involves some risks. Qualitative or called semi-qualitative analysis is the 

most commonly used risk analysis method (Zhou, 2004). It typically includes a 

qualitative risk assessment using simple risk models.  However, these simplistic 

approaches fail to account for future changes, inevitably leading to biases in results. 

Moreover, only a few investors systematically perform dynamic risk analysis, and only 

few assessments report briefly mention risk control, without any systematic risk 

probability analysis.  

 

In this chapter, we perform a systematic risk analysis of the oil pipeline project using the 

Monte Carlo method, which dynamically simulates each risk 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 random numbers are generated 

according to probabilities assumed to be associated with a source of uncertainty, such as 

a new product’s sales or, more appropriately for our purposes, stock prices, discount rates, 

exchange rates or commodity prices (Don, 2004). Outcomes associated with these 

random drawings are then analyzed to determine the likely results and the associated risk. 

Oftentimes this technique is called Monte Carlo simulation, 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 Carlo simulation. One can see (Jiuru Yu, 

1999) for more details. Suppose that the variable of interest Y (e.g. NPV) depends on 

several random factors, say X1, X2, …, XN.  

Y= G(X1,X2,…XN)                          (1) 

where X1,X2,…XN have known probability distributions. In practice, the functional 

structure G(××××) may be too complicated to analytically determine the distribution of Y as a 

random function of X1, X2, …, XN. However, it is possible to generate a great deal of 

random numbers with the given distributions of X1, X2, …, XN, and then to compute the 

randomly generated values of Y using (1). The distribution of Y can be estimated, or at 

least, the numerical characteristics of Y, such as the mean and the standard deviation, can 

be estimated. This process is a Monte Carlo simulation.  

 

5.1.2 Setting up Simulation Model  

This chapter is based on the previous financial evaluation and CBA, transferring the static 

factors to dynamic factors though random sampling and a random number generator in 

order to achieve the evaluation model of the Monte Carlo Simulation.  This can then 

calculate the project selection criterion; in this case, we use the NPV. We use this 

evaluation model to simulate the final project selection criteria (NPV) N times (in our 

case, we chose to simulate the criteria 3000 times) to reflect the direction of NPV and 

allow for appraisal of this direction. One may question the sufficiency of 3000 as sample 

size of the NPV values; however, such a question leads to a deep study of the 

convergence of Monte Carlo method, which is out of the scope of this research. Our 

preliminary simulation of 10 groups of trials with 3000 samples for each group shows no 

significant between-group difference in the distribution 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 variables most influencing the NPV using 

the following steps: 

�  Determination of the probability distribution types for 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 distribution. Large amounts of NPVs are 

then simulated by random sampling; these are generated by a random number 

generator. In the end, the results will be analyzed statistically. It is important to note 

that random numbers generated by any software are all pseudorandom numbers, 

instead of real random numbers, because the generating process of such numbers is 

the execution of some manmade algorithm. However, we still call these numbers 

random for brevity. 

 

5.2 Risk Categories and Identification 

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

construction risk, operation risk and uncontrollable risk.  

The risk comparison and verification come from the above risk hierarchy, professional 

experience and previous sensitivity analysis in financial evaluation and CBA. The major 

risks are confirmed as follows: operation cost risk, transportation quantity risk, politic 

risk, initial investment risk (construction over budget) and social discount rate risk. 

Considering previously performed sensitivity analysis of financial evaluation and CBA, 

the transportation quantity and operation cost risk are key factors that seriously impact 

the project, while the other rest of risks have such a minimal effect on this project that we 

can ignore their impacts. Based on this observation, we accept that the discount rate risk, 

the transportation quantity risk and operation cost risk 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 distribution since we believe subjectively that 

the social discount rate is log-normally distributed.  

 

A log-normal distribution is the probability distribution of any random variable whose 

logarithm is normally distributed (Lee, 2002). If X is a random variable with a normal 

distribution, then exp(X) has a log-normal distribution; likewise, if Y is log-normally 

distributed, then ln(Y) is normally distributed. 

 

A variable might be termed log-normal if it can be thought of as the multiplicative 

product of many small independent factors. A typical example is the long-term return rate 

on a stock investment: it can be considered as the product of the daily return rates. This is 

the bud of Brownian process widely used for in finance.  

 

The log-normal distribution has the probability density function (PDF):  
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Figure 8 Cumulative Log-normal Distribution Function 

 

The social discount rate, denoted by rsocial, is the rate at which a society discounts its 

future values. This rate reflects the time preference of the whole society. In a perfectly 

competitive circumstance, the long-term return rate on a stock investment is usually taken 

as the social discount rate.  

 

It is reasonable, therefore, to think that the social discount rate is log-normally distributed. 

It is commonly recommended to take the interval [5%, 20%] or a smaller one for the 

social discount rate in sensitivity analysis. We use [5%, 20%] as the 95% confidence 

interval of rsocial with expected value E[rsocial] =10%. The parameters of the log-normally 

distributed rsocial are determined with the following nonlinear system. 
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Analytically, it is difficult to find the exact solution of this system. The second equation 

implies that s2 =2(ln10%-m). Using this relation and EXCEL command: 

LOGNORMDIST(20%, m, 2(ln10%-m)) - LOGNORMDIST(5%,m, 2(ln10%-m)), 

we obtain the approximate solution:  

m » -2.4615 and s2 » 0.3677. 
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Therefore, we have the lognormal distribution LN[-2.4615, 0.3677] of rsocial with 

specified parameters.   

 

The random number generator of LN[-2.4615, 0.3677] is, in Excel,  

LOGINV(RAND(),-2.4615,0.3177). 

According to the literature, there are three main problematic areas with Excel versions 97, 

2000 and XP, if they are used for statistical calculations:  

·  probability distributions,  

·  univariate statistics, ANOVA and Estimations (both linear and non-linear)  

·  random number generation. 

For more details, one can consult Cryer (2002).  

 

However, those problems are fixed in Excel 2003. See Knüsel (2005), for example. We 

used Excel 2003 to carry out our Monte Carlo simulations. 

 

Figure 9 shows the histogram of the log-normally distributed social discount rate, charted 

with the random number generator: LOGINV(RAND(),-2.4615,0.3177). 
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Figure 9 Histogram of the Lognormal Distributed of Social Discount Rate 
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5.3.2 Quantity 

Pseudo Random Number Generator of the Truncated Normal Distribution 

 

In EXCEL (versions 2003 and above), one can generate normally distributed numbers 

using EXCEL functions: 

   NORMDIST(p,mean,standard_dev,cumulative) and RAND(). 

RAND() is the EXCEL random number generator of the uniform distribution on [0, 1], 

i.e., the inverse of CPF of U[0,1]; NORMDIST is the inverse of the CPF or PDF of a 

normal distribution with given mean and standard deviation. If “TRUE” is imposed on 

the option “cumulative”, NORMDIST returns the value of the inverse of the CPF. If 

“FALSE” is imposed on the option “cumulative”, NORMDIST returns the value of the 

inverse of the PDF. 

 

Let us construct a pseudo-random number generator of the normal distribution truncated 

from below at z = a using these EXCEL functions. Denote by p=F(z) the untruncated 

normal distribution  

N[m, s2]. 

The CPF of truncated normal distribution is actually the conditional probability 

Prob(Z£z|z£a): 

Ftruncated(z) = Prob(Z £ z | z £ a) 

                           = Prob( Z £ z) / Prob(Z£a) 

   = F(z) / F(a). 

Hence, the inverse of Ftruncated(z) is  

Ftruncated
-1(p) = F-1(p*F(a))                  (2) 

since  

Ftruncated(F
-1(p*F(a))) 

= F(F-1(p*F(a))) / F(a) 

= p*F(a)/ F(a) 

= p. 
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Here, the strict monotonicity of a CPF has been used. For any strict monotonic function 

y=g(x), function x=h(y) is the inverse of g if g(h(y))=y for all y in the domain of g. As a 

consequence of (2), we have the following pseudo-random number generator of the 

truncated normal distribution:  

NORMDIST(RAND()*F(a),mean,standard_dev,cumulative),      (3) 

where F(a) is equal to the probability Prob(Z £ a) of normal distribution N[m,s ]. 

 

 

Figure 10 Cumulative Distribution Function of Normal Distribution 

 

We take the transportation quantity Q as a random variable following a truncated normal 

distribution. This is because the designed transportation quantity is 5.6 million tons/ year 

in a normal case and the maximal capacity of the Pipeline is 6.0 million tons/year.  Thus, 

it is impossible that Q > 6.0 million tons/year. It is therefore reasonable to think of the 

probability distribution of Q as a truncation from below at Q = 600, yielded from normal 

distribution N[560, s2], where the untruncated variance s2 is to be determined.  

 

 

Figure 11 Truncated Normal Distribution 
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To determine the untruncated variance, we take 3.69 million tons as the critical point 

given by Prob(Q £ 3.69) = 0.025.   

 

When the transportation quantity barely reaches or does not reach 3.69 million tons, it is 

considered a small probability event by the following reasoning: 

 

1. The minimum designed transportation quantity of the oil pipeline project is 3.69 

million tons.  

2. When the transportation quantity reaches 3.69 million tons, the oil pipeline 

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

 

We know that Z = (Q-560)/s  ~ N[0,1]. It follows that 

F ((3.69-5.60)/s) = 0.025, 

where F  is the CPF of the standard normal distribution. On the other hand,  

 F -1(0.025) = -1.95996. 

Therefore,  

                         (3.69-5.60)/s  = -1.95996, 

from which we have 

s  = 97.45077. 

In (3), F(a) = F(600) is the value of CPF of N[560, 97.450772] at 600, which is 0.659191.  

In short, the transportation quantity simulation function in EXCEL is  

 

                     NORMDIST(RAND()*0.659191,560,97.45077,TRUE).                       (4) 

 

Figure 12 shows the truncated normal distribution of transportation quantity 
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Figure 12 Truncated Normal Distribution of Transportation Quantity 

 

5.3.3 Running Cost 

There must be an interval [Cmin, Cmax] such that the running cost C can neither be less 

than its minimum, Cmin , nor greater than its maximum, Cmax. For any cost level CÎ  [Cmin, 

Cmax], there is no evidence indicating that the cost would fluctuate upward by 1% more 

likely than downward by 1%; there is also no evidence indicating that the cost would 

fluctuate downward by 1% more likely than upward by 1%. This implies that the cost C 

follows a uniform distribution. The following figure 13 shows the uniform distribution of 

the running cost. 

 

 

Figure 13 Uniform Distribution of the Running Cost 
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Now let Ct ~ U[Cmin, Cmax], a uniform distribution on the interval [Cmin, Cmax], where  

Cmin = Ct´ (1-20%) and Cmax = Ct ́ (1+20%). 

In this oil pipeline project, the normal operating cost is 45.99 million Yuan/year. 

According to professional criteria13, the operating cost interval [Cmin, Cmax] can fluctuate 

upward or downward 20%, with its best select 45.99 million Yuan.   

 

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

simulating function is, for each year. 

 

RAND()*(Cmax - Cmin) + Cmin. 

 

Figure 14 is the CPD of Running cost risk 
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Figure 14 Running cost risk 

5.4 Simulation Results 

Through the simulation, 3100 NPV samples are obtained. The descriptive statistics are as 

follows in figure15 to17 (unit: million RMB):  

                                                 
13 Guangtian Bai. (2003). Evaluation of petro-industry in China.(p. 163-168). Beijing, China: China Petro-
industry Publish. 
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Figure 15  Probability Distribution of NPV and Descriptive Statistics 
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Figure 16 Histogram (with Normal Curve) of NPV 
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Figure 17 NPV’s Cumulative Probability Distribution Function 

 

5.5 Further Results 

 

5.5.1 Normality Test 

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

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

Kolmogorov-Smirnov normality test to investigate the normality of the NPV. The null 

hypothesis is stated as  

H0: Data of NPV follow a normal distribution 

H1: Data of NPV does not follow a normal distribution 

Tables 25 and 26 show the SPSS outcome of this test. 

 

Table 25 Descriptive Statistics 
 N Min Max Mean Std. D Skewness Kurtosis 

  Statistic Statistic Statistic Statistic 
Std. 
Error Statistic 

Statisti
c 

Std. 
Error Statistic 

Std. 
Error 

NPV 3000 -328.41 758.72 185.872 3.15652 172.8897 .105 .045 -.274 .089 
N  3000                   
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Table 26 One-Sample Kolmogorov-Smirnov Test 
  NPV 
N 3100 
Normal Parametersa,b     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 that p-value > 0.005. By definition, the p-value is the smallest significance 

level at which the null hypothesis can be rejected. In other words, H1 cannot be rejected 

at any predetermined significance level where a > p-value. Hence at the usual 

significance level 5% (> p-value=0.005), the null can be rejected. However, we do not 

have sufficient evidence to support the claim that the NPV do not follows a normal 

distribution.  

 

5.5.2 Confidence Interval of the Project NPV 

By the Central Limit Theorem, the mean of the NPV asymptotically follows a normal 

distribution. This leads to the 95% confidence interval of the mean of the NPV:  

[192.58, 205.56]. 

The conditional expectation of NPV:  

E[ NPV | NPV<0 ] = -54.3 million and Prob(NPV <0 ) = 0.13. 

The conditional expectation of NPV:  

E[ NPV | NPV>`0 ] = 214 million and Prob(NPV >0 ) = 0.87. 

The conditional gain is 214 million and the probability of a positive NPV is about 0.87.  
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5.6 Conclusion 

A systematic and deep investigation of the risk probability is realized in this chapter. Our 

results demonstrate that the pipeline project is quite risk resistant and its economic net 

present value is most probably between 192.58 and 205.56 million Yuan. Together with 

the conclusion of Chapter 4, this yields our global conclusion: the pipeline project is the 

optimal choice for the society.  
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CONCLUSION 

 

At the beginning of our thesis, we introduced the aim and objective of Yueyang- 

Zhuzhou oil pipeline transmission project, the background about Hunan province and the 

profile of SINOPEC. We also exposed the current oil product market demand and supply.  

The current market situation and the perspective of the future economical development 

needs are what motivated SINOPEC to propose this pipeline project. SINOPEC 

anticipates that the oil pipeline can provide cheaper, more stable and more reliable oil 

products to the Hunan region with almost null pollution compared with the existing land 

way transportations. SINOPEC themselves performed a financial project assessment and 

hopes to have an ex ante study of the project economic feasibility. This is the motivation 

of our thesis. 

In this thesis, the Yueyang-Zhuzhou Oil Product Pipeline Transmission Project is 

evaluated from the perspective of social welfare. It is an ex ante cost-benefit analysis of 

the project feasibility.  

As a comprehensive study of the pipeline project, this thesis discusses all aspects of the 

project, from the project background to the project data sources; market demand to 

supply; market price to economic price and financial assessment to CBA.  It uses various 

techniques, such as shadow prices for project used lands, financial and economic NPV 

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

of methodological issues, our analysis follows the general steps of cost-benefit analysis 

but not totally standard ones. A set of computational techniques are used in cost-benefit 

analysis and in risk analysis as well.  

The original SINOPEC financial evaluation report concludes that this project is 

financially acceptable before tax. In contrast, our financial assessment shows that the 

proposed oil pipeline project is not profitable for SINOPEC after tax.   
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In our cost-benefit analysis of the pipeline project, we find that both of the two principal 

criteria, economic net present value and economic internal rate of return of the project, 

indicate that the proposed project is economically desirable, although the project is 

financially unprofitable. We also find that the alternative, tank train transportation, is 

undesirable since its economic net present value is negative. The pipeline project is 

therefore socially optimal, provided that it is fairly risk-resistant. Specifically, our results 

prove that the pipeline project is quite risk resistant and its economic net present value 

has a confidence interval between 192.58 and 205.56 million Yuan, under the confidence 

level of 95%.  

 

No environmental impact issues are discussed in our thesis. There are two main reasons 

for this omission.  First, the pipeline is constructed underground and the underground 

transmission is believed in general to result in almost no environmental pollution. The 

only determined pollution will be generated during project construction. For this reason, 

only an amount of 8% of the project total investment is declared. This increases a small 

percentage of the total costs and does not change the overall conclusion.  One might 

challenge the environmental evaluation made by SINOPEC, however, this will be quite 

out of the scale of the cost-benefit analysis. 

 

Our overall conclusion is that the Yueyang-Zhuzhou Oil Product Pipeline Project is the 

optimal choice of the society of Hunan. 

 

Finally, we would like point out that the computational techniques we introduced in 

calculation of shadow prices and the pseudorandom number generators used in our risk 

probability analysis may be widely used in other constructional project evaluations. 

 



 65 

REFERENCES 

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

Bent Flyvbjerg, Mette K. Skamris Holm, and Søren L. Buhl. (2005). How (In) accurate 
Are Demand Forecasts in Public Works Projects? The Case of Transportation. 
Journal of the American Planning Association, vol. 71, no. 2. 

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

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

Chen Geng. (2005). The trend of China's petroleum consumption, Journal of China 
Energy Sources Research (2005 May 13th), Retrieved March 5th, 2007 from 
http://en.ce.cn/Insight/200507/01/t20050701_4104015.shtml  

Cryer, J. (2002), “Problems using Microsoft Excel for statistics,” Proceedings of the2001 
Joint Statistical Meetings. 

Department of Transportation of Central South University. (2000). Railway 
transportation economy. Changsha, Hunan, China: Central South University Press. 

Development Planning Department of Sinopec Hunan. (2005). Sinopec Hunan Annual 
Report. Changsha, Hunan, China. 

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

Farrar.G.R. (1990). Recursive Stratified Sampling for Multidimensional Monte Carlo 
Integration, Computers in Physics, v4 (1990), pp190-195. W.H. Press. 

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

John V. Mitchell (2006). A new era for oil prices. London: Chatham House. 

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

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

Lee, C.F. and Lee, J. C. (2002). Alternative Option Pricing Models: Theory, Methods, 
and Applications Kluwer Academic Publishers. 

National Bureau of Statistic of China (2005). China statistical yearbook: Consumption of 
Energy by Sector. Beijing, China. 



 66 

National Bureau of Statistic of China. (2001). Tabulation on nationalities of 2000 
population census of China, Beijing, China.  

National Bureau of Statistic of China. (2004). China Statistic Yearbook: Freight Traffic 
by Region. Beijing, China. 

National Bureau of Statistic of China. (2004). China statistical yearbook: Length of 
transport routes at the year-end by region (pp. 134-144). Beijing, China.  

National Bureau of Statistic of China. (2005). China Statistical Yearbook 2005: Principal 
Aggregate Indicators on National Economic and Social Development and Their 
Related Indices and Growth Rate (pp. 46-48). Beijing, China. 

National Bureau of Statistic of China. (2005). China statistical yearbook: Indices of gross 
domestic product. Beijing, China. 

National Bureau of Statistic of China. (2005). China statistical yearbook: Number of 
Major Durable Consumer Goods Owned 6 middle Provinces (Autonomous Regions, 
Municipality). Beijing, China. 

National Bureau of Statistic of China. (2005). China statistical yearbook: Consumption 
of energy by region 1999-2004. Beijing, China. 

National Bureau of Statistic of China. (2005). Consumer 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). Proceedings from "Rethinking Pension 
Reform: Ten myths about social security systems, presented at the World Bank 
Conference. Washington, DC. 

Production Management Department of Sinopec Hunan (2006). 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 (1999). Oil industry economic assessment guide. Beijing, 
China. 

Sinopec Strategic Committee. (2005). Eleventh five years plan statement. Beijing, China.  

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

The Ministry of Land & Resources P.R.C. (2000). The policy of land recoupment 
(No.3921). Beijing: Government Printing Office. 

Treasury Board of Canada Secretariat. (1998). Benefit cost analysis guide (draft). Ottawa, 
Canada. 

U.S. Bureau of Labor Statistics Division of Consumer Prices and Price Indexes. (2005). 
Average Price Data. Retrieved February 26, 2007. From  
http://www.bls.gov/cpi/home.htm 



 67 

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

Wu, Yi (2000, May 13th). The future of China’s economics. Hong Kong Ming Pao. p A2.  

Xiong, Yongjun. (1998). Transportation and economy development (p. 235-280). Beijing, 
China:China Railway Press. 

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

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

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

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

 


