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Abstract Coal resources development projects have many characteristics of large

investment, irreversibility, long cycle and uncertainty and so on, due to the inherent

defects of the traditional NPV method, which can’t effectively deal with the

uncertainty faced by the coal resources development investment, thus, the real

value of the coal development investment projects are hardly assessed scientifically

and rationally. Using the real options method, the paper builds a evaluation model

on coal resources development investment project. The results show that using the

model to assess the project value of coal resources development investment will be

more scientific and rational, parameter analysis leads to the result that interest rates

and convenience yields have a negative effect on the critical investment value of the

projects, and the high jump frequency will reduce the critical investment value of

the projects, while positive changes on jump range can increase.

Keywords Coal resources • Development investment • Evaluation model • Real

option

Introduction

Based on China’s energy structure, coal resources plays a decisive role in China’s

energy strategy, thus, rational development and utilization of coal resources is very

essential to make the national economy maintain steady and rapid growth. Coal

resources development projects have many characteristics of large investment,

irreversibility, long cycle and uncertainty and so on, thus, how to scientifically

and rationally assess the value of the projects has been a hot issue to be solved.
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Based on rigidity in decision-making, traditional NPV method fails to consider

flexible decision-making changing the value of a project under uncertainty factors,

which leads to the result that the real value of the projects are hardly assessed

scientifically and rationally. The real option method is a thinking mode which

applies the financial option theory to strategic decision-making. Using this method,

decision-makers are able to adjust their strategies timely according to development

and changes of the uncertain factors and projects. It will improve management

flexibility to maximize project value.

The real option method, which evolved from Black, Scholes and Merton’s

option pricing theory, was first proposed by Myers (1977). Brenman and Schwartz

(1985) had combined real option pricing with asset pricing methods for the first

time, they established a valuation model of mining investment value, which calcu-

lated the impact of management flexibility on project value, afterwards, Domestic

and foreign scholars including Frimpong, Abdel, Amram, Paddock, Trigocgric,

Pindyck, Copeland, Slade, Saito, Jin-suo Zhang, Neng-fu Zhang, Lei Zhu, Yong-

feng Zhang etc. (Frimpong and Whiting 1997; Abdel Sabour 2001; Amrma and

Kulatilaka 1998; Paddock et al. 1988; Trigeorgis 1996; Pindyck 1999; Copeland

and Antikarov 2001; Slade 2001; Saito et al. 2001; Jin-suo Zhang 2002; Jin-suo

Zhang and Shao-hui Zou 2006, 2009; Neng-fu Zhang et al. 2002, 2003; Lei Zhu

et al. 2009; Yong-feng Zhang et al. 2006), who studied investment decision

approach in the field of mineral resources based on the real option method.

In field of investment for dedicated coal resources, Jin-suo Zhang and Shao-hui

Zhou (Jin-suo Zhang et al. 2012) conducted a research on the formation mechanism

of coal mining option value, then developed the investment decision method of coal

resources on the basis of the real options method. TaoWang (Tao Wang et al. 2012)

discussed the option characteristics of coal resources exploration and investment

using the real option method, they founded a project evaluation model under the

coal exploration results if the prices change in a random manner. From the above,

we can see that there are abundant studies on the oil and gas resources investment,

which lacks dedicated coal resources investment. Therefore, based on related

research, the paper builds a evaluation model of coal resources development

investment project, in order to make rational decisions of coal resources develop-

ment investment.

Risk Characteristics and Option Characteristics

There are many risk factors that impact coal resources development investment

projects, in general, we can divide into the following aspects, in the first place, we

call it market risk factors which mainly reflect the volatility of coal prices, due to

the substitutability between coal and oil, fluctuations in oil prices caused by

International incident would inevitably lead to changes in domestic coal prices,

moreover, fluctuations in coal prices is also affected by the supply and demand of

the domestic coal market situation. Secondly, risk factors on resource endowments,
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which are peculiar to mineral resources investment projects, with no exception for

coal resources investment projects. Resources endowments mainly refers to the

resource reserves, coal types, geological structure etc., rich resource endowments

will not only get more recoverable reserves but also reduce development costs, and

increase the project value, however, poor resource endowments have the opposite

effects. Last but not least, we consider risk factors on policies and regulations.

Related environmental policies will have an impact on investment projects when

the coal resource development investment will inevitably cause damage, such as

vegetation destruction, soil erosion and so on, in addition, technical and managerial

aspects of risk factors can also lead to changes in the value of coal resource

development investment projects, these risks are controllable, so we don’t explore

them in the paper.

The above-mentioned risks what coal resources deep processing project

equipped with risk factors bring to the project value, because of uncertainty about

these risk factors, policymakers should make investment decisions according to its

changing. In the project preparation stage. policymakers can delay investment if

policy guidance is not clear, or relevant taxes and interest rate are higher than what

it would to be. In the project production stage, policymakers can expand production

when the coal prices are high. While the coal prices are low, then policymakers will

suspend production, waiting for market conditions to improve, and they may

abandon the project if the market continued to fall. The risks from the option to

delay investment, expand production, suspend production and abandon the project

are avoided, which add value to the project.

Model Construction

Market risk, resource endowments, policies and regulations are the main risk

factors for coal resource development investment projects, changes in these factors

may cause fluctuations in coal prices and the project value, even lead to jump the

change, thence, on the basis of the literature references (Dixit and Pindyck 1994),

the coal prices are assumed to be a mixed Brownian motion/jump process.

dP ¼ aPdtþ σPdzþ Pdq (60.1)

In the formula one,dz is the increment of aWiener Process,dz ¼ εt
ffiffi
t

p
,εt is said to

be normally distributed random variables, with a mean of zero and a standard

deviation of 1, a is a drift parameter, σ is variance parameter, q is called a Poisson

Jump Process.

dq ¼ 0; Probability 1� λdt
ϕ; Probability λdt ðϕ>� 1Þ

�
(60.2)
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In the formula two, coal prices will fluctuate as a geometric Brownian motion.

For each time interval dt, it will be ð1þ ϕÞ times its initial value by probability of

λdt, then continue to fluctuate towards the occurrence of another event. We assume

that ϕ 2 ð�1;þ1Þ, the unexpected events have a negative effect on coal prices

when ϕ is negative, In contrast, the events are positively correlated with coal prices

while ϕ is positive.

According to the literature which is reviewed by Dixit and Pindyck, they

consider thatFðPÞ represents option value of coal resource development investment

projects, and VðPÞ is representative of project value of coal resources development

investment, then option value and project value are expressed as follows

0:5σ2P2F00ðPÞ þ ðr � δÞPF0ðPÞ � ðr þ λÞFðPÞ þ λF½ð1þ ϕÞP� ¼ 0 (60.3)

0:5σ2P2V00ðPÞ þ ðr � δÞPV 0ðPÞ � ðr þ λÞVðPÞ þ λV½ð1þ ϕÞP� þ P� C ¼ 0

(60.4)

In the formula three and four, δ ¼ r � a, which stands for the convenience yield,
r is used as the risk-free interest rate, the unit cost of the project of deep processing

of coal resources, C represents the unit cost of coal resources deep-processing

project.

The option pricing method had been brought forward by Dixit and Pindyck,

project option value and project value can be expressed as follows.

FðPÞ ¼ A1P
β1 (60.5)

VðPÞ ¼ K1P
β1 ;P>C

B2P
β2 þ P

δ�λϕ � C
r ;P>C

�
(60.6)

A1 , K1 and B2 are undetermined coefficient, β1 and β2 can be obtained by

formula 60.7,

0:5σ2βðβ � 1Þ þ ðr � δÞβ � ðr þ λÞ þ λð1þ ϕÞβ ¼ 0 (60.7)

According to value-matching condition and smooth pasting condition

F0ðP�Þ ¼ V0ðP�Þ
FðP�Þ ¼ VðP�Þ � I

�
(60.8)

Solutions form of A1, K1, B2 are as follows

A1 ¼ ð1� β2ÞP�ð1�β1Þ

δ� λϕð Þ β1 � β2ð Þ �
β2P

��β1

β1 � β2ð Þ
C

r
þ I

� �
(60.9)
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K1 ¼ C1�β1

β1 � β2

β2
r
� β2 � 1

δ� λϕ

� �
(60.10)

B2 ¼ C1�β2

β1 � β2

β1
r
� β1 � 1

δ� λϕ

� �
(60.11)

We can use the following formula 60.12 to obtain the value of P�

ðβ1 � β2ÞB2 P�ð Þβ2 þ ðβ1 � 1Þ P�

δ� λϕ
� β1

C

r
þ I

� �
¼ 0 (60.12)

Empirical Research

Basic Data of Coal Resource Development Projects

After obtaining exploitation rights of some mining areas in Jurassic coalfield, a

mining company of Northwest had better analyze the next investment decisions

based on survey report and market situation. The survey report shows that minefield

area covers 31.6 km2, with recoverable reserves of 60 million tons, the main coal

type is long flame coal with mid-ash, low-sulfur and high calorific value. According

to the coal price data between 2001 and 2010 in the region, we conclude that annual

volatility of coal price is around 15%, we set risk-free interest rate called r at 4%,

based on interest rate of government bonds in 2011. Through past experiences and

literature retrieval, the convenience yield of project δ is set at 0.02 (Table 60.1).

Testing Results

Due of the presence of uncertain risk factors, it’s feasible for mine enterprises to

invest on coal resource development projects, only when coal resources develop-

ment investment projects worth more than the investment critical value. It can be

seen that critical investment value is much larger than the project’s initial invest-

ment (Table 60.2).

Parameter Analysis

It can be seen from the evaluation results, the presence of uncertainty increases the

critical value of the coal development investment projects, which impacts critical

investment value of the projects that needs further analysis. According to influence
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of interest rates and convenience yield on critical investment value, from Fig. 60.1,

we can find that interest rates and convenience yield have a negative effect on

critical investment value of the projects. Increase of interest rates will reduce

critical investment value of the projects, namely, it will lower the access threshold

of investment projects. The convenience yield reflects the abundance of resources,

the greater the convenience yield, the higher resource abundance. High conve-

nience yield will facilitate completion of the project as soon as possible, also lower

the access threshold of investment projects.

It can be seen from Fig. 60.2, when jump frequency level is fixed, critical

investment value of the project is improvingwith the increase of coal price volatility,

Table 60.1 Basic data and parameter settings of coal development investment projects

Model parameters Parameter values

Project’s initial investment (unit: million yuan) 145

Production cost (unit: yuan) 216

Estimated total yield (unit: million tons) 60

Mine service life (unit: year) 30

Annual output capacity design (unit: million tons) 2

Convenience yield (unit: %) 2

Risk-free interest rate (unit: %) 3.9

Annual volatility of coal price (unit: %) 40

Table 60.2 Calculated results

Project’s initial investment. Critical investment value Critical investment price

145 (million yuan) 1,654.7 (million yuan) 278 (yuan/ton)
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Fig. 60.1 Influence of interest rates and convenience yield on critical investment value
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this means that the high volatility of coal prices will improve the access threshold

of investment projects. In the case of fixed coal price volatility, the high jump

frequency will reduce the critical investment value of the projects, namely, it

lower the access threshold of investment projects, and facilitate completion of the

project quickly.

By Table 60.3, we can find that jump-amplitude changes from the negative to the

positive, the investment critical value of projects have increased, when other

parameters are kept constant, it can be considered that adverse events will reduce

investment value of projects, while favorable events contribute to the value of

projects to a certain extent, which will lead to invest on projects by decision-maker

in higher investment thresholds.

Conclusion

Coal is China’s major energy resource. In recent years, with the rapid growth of

coal consumption, coal resource development investment projects are gradually

gaining mass attention, how to scientifically and rationally assess the value of coal

resource development investment projects has important significance. Using the
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Fig. 60.2 Influence of coal price volatility and jump frequency on the critical investment value

Table 60.3 Influence of jump frequency on critical investment value

Unit: million yuan

ϕ �0.9 �0.6 �0.3 0 0.3 0.6 0.9

V 8,809.5 10,949 15,208 20,476 34,055 70,292 258,730
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real options method, the paper builds a evaluation model of coal resources devel-

opment investment project, and uses the model through empirical research, the

results show that interest rates and convenience yield have a negative effect on

critical investment value of the projects, the high interest rates and convenience

yield will lower the access threshold of investment projects, and increase the

attractiveness of projects. The high jump frequency will reduce the critical invest-

ment value of the projects, namely, it lower the access threshold of investment

projects, and facilitate completion of the project quickly. Jump-amplitude changes

from the negative to the positive, the investment critical value of projects will

increase, but adverse events can reduce it. Favorable events contribute to the value

of projects to a certain extent, which will lead to invest on projects by decision-

maker in higher investment thresholds.
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