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Abstract

Based on real options method to construct a petroleum exploration and development
projects of integrated economic evaluation model, application mechanism real option
method in oil and gas exploration and development projects around the expansion, the
option value to identify and analyze the process of exploration and development projects
exist. Finally, select the appropriate option pricing model, instance data analyzed by gas
exploration and development projects, and its contrast with the traditional analysis,
pointed out that application of real options method can effectively improve the investment
project economic evaluation of science. In this paper, to build an economic evaluation
method based on real options method of energy development projects, and to explore
applications based on the principle of real options to develop economic evaluation
method, proposed mostly for exploration stage oil and gas exploration and development
project abandonment option binomial model and the development phase stop start option
of partial differential equations, is determined based on the actual parameters of such
projects, and to provide solutions to parameter estimation.
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1. Introduction

In industrialized countries, the economic evaluation is referred to investor's insurance
policy [1]. Because of the complexity of the oil and gas exploration objects and technical
and economic environment, even though the economic evaluation may not be able to
achieve the expected benefits objective, but after the evaluation of oil and gas exploration
project success rate will be greatly improved [2]. Western oil companies each, to be
carrying out oil and gas exploration business in one block, economic evaluation should be
carried out, and make decisions based on evaluation results [3]. However, these oil
companies in the development of resources and evaluation of the economic effects of oil
and gas exploration investment resources in the country, and more is to consider the time
and resources owned oil companies in oil and gas exploration and evaluation of the
economic effects of investment to develop the country's resources, more is to consider and
the interests of the country's resources division, on this basis, re-evaluation of the
profitability of the project [4-7].

Real Options from the financial options theory, is present in the nature of the right to
have the option of which investment in physical assets, that is, concepts and methods of
application options on physical assets [8, 9]. Fully take into account the real option value
management flexibility, an important factor in investment decisions fully into account,
which is very different from the traditional method of investment [10]. Therefore, the real
options theory into oil exploration project investment decisions, provide scientific tools
for oil exploration project value calculated correctly, it is conducive to scientific and
petroleum exploration investment decision. Currently, the scope of application of a wide
range of real options, such as land development, mineral resources development,
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investment and business valuation and other overseas. In recent years, scholars began to
study the real options theory and method used in oil exploration and development, but has
not yet established a model for evaluation of petroleum exploration project investment
decisions [11].

This paper is to establish the economic evaluation of oil and gas exploration class new
method based on real options method, it is not to negate the traditional NPV method, but
the real options contained in the project taking into account the economic evaluation,
evaluation of the project in order to make more consistent reality. However, oil and gas
exploration projects because of the time span large, real options contained there are many,
such as the option to abandon stop start option, the development phase can be considered
when the stage investments, strategic study of extended options for the project, contained
options like. Application of Real Option method mechanism studied in this paper for a
variety of real options, but the study of economic evaluation based on Real Options, but
only to give up the option of including oil and gas exploration projects contained in the
value of investments and the stage stop start option value development stage, so make
sure the model design and parameter estimation method, will focus on these two values
the real option to expand.

2. Improvement of Real Option Investment Evaluation Models Based
On BP Neural Networks

2.1. B-S Option Pricing Model

Based on the principle of B-S [12] option pricing, it is assumed that the underlying
asset value CVt of an enterprise obeys the following geometric Brownian motion process
is shown as equation (1).

dCV,

CV,
where CVt is the underlying asset value at time t; p is the underlying expected return;

o is the instantaneous standard deviation of underlying asset value, or the value
fluctuation ratio; Zt is a Wiener process, as shown in equation (2) below:

dz, = edt )

where ¢ accords with standard normal distribution.
According to Ito's Lemma, then:

oDV, obv, 1 o°DV,
L+, L+ Zo?V? —+=rDV, (3)
ot ot 2 oV,
where Vt is the real option value of an enterprise at time t; r is the risk-free rate of
interest.
According to the conditions upon option expiration, equation (3) should meet the
boundary conditions:

= pdt+odZ, Q)

V; =max(S; — X,0) 4)
where T is the time a project terminates; S is the current market value of an enterprise;
X is the option strike price.
According to the boundary conditions, or namely equation (4), the initial value of the
differential equation above can be resolved and expressed as follows:

V, =Sg(d,) - Xe " (d,) (5)
where
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2.2. BP Neural Network

Thus, a BP neural network containing one hidden layer was selected. Its topologic
structure is showed in Figure 1.

Figure 1. Topologic Structure of BP Neural Network

The input vectors of the BP neural network are assumed as xeRn, where x=(x0, x1,...,
xn-1)T. The hidden layer has nl neurons, whose outputs are X€ R™ :

r_ ' ' ' T
X=X X0 Xna) ; the output layer has m neurons, whose outputs are yeRm, where
y=(y0, y1, ..., ym-1)T. The weight from the input layer to the hidden layer is wij; the

!

threshold is 0j; the weight from the hidden layer to the output layer is Wik , the threshold

is.‘gk . Thus, the neurons at each layer output:

n-1
Xi=fOQ wx-6,),j=01...n-1
i=0

- ()
Y= fO w,x;-6),k=01,..,m-1
i=0
where f(x) is expressed as a Sigmoid function:
f(x)= 8

1+e™
BP neural networks are a type of teacher-guided learning algorithm. It is supposed
there are n input variables P1, P2, ..., Pn, which are used as learning samples. The n input
variables correspond to teachers T1, T2, ..., Tn, respectively, and to real outputs Y1, Y2,
..., Yn, respectively. For the n samples, a squared error function was used to compute the
learning errors as follows:

E =%ii(ﬂi -v)) ©)

i=1 i=1
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i i
WhereT1 is the teachers corresponding to the first group of samples; Y is the real
outputs from the first group of samples. We preset a learning precision ¢ . If E<C, the
learning process terminates. The learning process of a BP neural network is illustrated in
Figure 2.

Training
Actual
— Input W Output | Qutput

Expected output
signal

Figure 2. The Learning Process of A BP Neural Network

We used a linear processing method with its transformation expressed as follows:

%M G55 (10)
max(x) —min(x)

3. Real Option Method

3.1. Parameter Study

Increases with time, when companies do not avoid financial risks, project output
decreases with time, prices follow geometric brownian motion, and thus the introduction
of the option to abandon the option and invest in the development of a function of time,
and then take advantage of the two options at t = 0, at the same price elasticity price
elasticity parameters point to solve a series of project value, and price volatility, the stock
market by using the average standard of poor assets or use the previous data disclosed
transaction value reserve, the use of standard deviation seeking formulas to solve first two
related parameters, ultimately solve the important parameters volatility option method.

Daily income U = In S = S'—l, 5 is the price at the end of time one, U is the standard
deviation.

Total final expression:

s= \/Z(u, —)/(n-1)
= (11)

Total final expression:
oV’ S j
= ‘—-0g =& Oy

85V (12)

i
Oy

3.2. Advantage of Real Options

Real option is a way of thinking, is a discounted cash flow method can underestimate
the value of method options, it brings a whole new attitude toward risk. Real options
include three components:
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1. Options are or have decision-making (contingent decisions). Options you can see
how things develop later, and then develop opportunities decisions. In the moment of
decision, the situation in the right direction, make a decision, but if the development to the
bad direction, will make another decision. This loss means that options are nonlinear, as
your decision will change.

2. Option valuation and financial market valuation is consistent. Real option is to use
the input and concepts of financial markets to pricing for all types of complex physical
assets and losses. The result is management options, financial market options, internal
investment opportunities and trading opportunities on the basis of comparable equivalent.

3. Real Options thinking can be used to design and manage strategic investments.

Real options approach is not in all cases need. Some decisions are called "nobrainers",
namely investment either tremendous value, or total loss, for such decision-making, real
options method is less suitable, while many decisions is the need to think calmly, real
options can this provide help.

4. Experiments and Results

4.1. Real Option Characteristics of Energy Development

According to the actual investment decisions and capital investment process, we can
invest classified as a learning exploration investments, namely through the investment
value of the project a series of time sequences so as to continuously reduce uncertainties
exist, the project worth an estimated accurately. From the perspective of real options,
which is the exploration stage oil and gas exploration project consists of a series of
options to eliminate the uncertainty of a regional oil and gas production, external project
value of the project in addition to the traditional NPV method to obtain the value itself,
but also including exploration process should value these options.

The value of oil and gas exploration project NPV of the project itself and the option
value added and, while the value of the option depends on the follow-up to the level and
nature of the latest geological uncertainties and oil price uncertainty. Figure 3 illustrates a
simplified economic value of oil and gas exploration project uncertainty is how with the
continuous investment and lower exploration process.

Project : I g
Value i
A

Uncertainty =

Y

Pre- '. . Detailed
ei'xploratiolﬁrlel'mmarlyexp|0ralti0n Develop

-
|

Oil and gas exploration project investment stage

Figure 3. Simplified Economic Value of Oil and Gas Exploration Project

According to real investment and operation of oil and gas exploration project to
analyze the characteristics they contain real option is obvious, it is necessary in the
economic evaluation of such projects, the introduction can be processed due to the
different management decisions brought the value of flexibility the real options.
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4.2. Real Options Model

Binomial Option Pricing Model changes in the value of the underlying assets of a
simple description based in each time period, the underlying assets can take only two
possible outcomes of a value. Widely used in multi-stage uncertainty binomial model, the
asset has an initial value of A, in a short period of time, it goes up or Au, or down into Ad.
AuZ, Aud. Figure 4 illustrates the binary tree and how it gets the final moments of the
distribution of various outcomes. In the distribution, each result corresponds to a vertical
bar, vertical bar represents the length of all possible paths in the binary tree in the
frequency of occurrence of the result.

I"rol.mb[lil}'

The value of assets within two
yoars
A} Changes in the value once a year for two years

~
~—
m

B) Value change four times a year for two years

C) Weekly changes in the value occurs within two yvears

Figure 4. Shorten the Time Interval after the Results Distribution

Single-step or multi-step binary tree is not a good reflection of the uncertainty of
reality fluctuations project, but a simple iterative binary tree method has the flexibility, as
well as the characteristics of the model algorithm, so it is a good description of the project
value the actual path of uncertainty. In general, users in the period to take more than 30
steps, the model can better describe the reality of the project value path, and with changes
in the value of time interval becomes shorter, resulting distribution will become smooth.

4.3. Data Analysis and Application

Here we selected 5 listed renewable energy Chinese enterprises as a training group, and
with the method for parameter estimation, we estimated the values of the samples (Table
1).
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Compa Factor
ny S X G r T v
A 3906167188. 1857953733. 0.32 0.0 1 2569448260
22 14 96 352 0 17
B 1542963835. 632829378.4 0.41 0.0 1823981672
72 3 25 324 8 57
c 2754112872. 907649162.8 0.35 0.0 1943571624
89 8 68 331 7 .08
D 6257364826. 4837259371. 0.40 0.0 1 5234168215
46 70 37 373 0 23
E 5781249720. 3879146280. 0.39 0.0 4521837645
86 25 82 325 9 27

Since the values of (‘and r are both within [0, 1], they were not normalized. The other
parameters were normalized. The training samples after treatment were used as input
nodes in the BP network (Table 2).

Table 2. Trainable Samples

Comp Factor
any S X p r T Vv
A 0.501 0.291 0.329 0.035 1.000 0.218
3 4 6 2 0 6
B 0.000 0.000 0.412 0.032 0.333 0.000
0 0 5 4 3 0
C 0.256 0.065 0.356 0.033 0.000 0.035
9 4 8 1 0 1
D 1.000 1.000 0.403 0.037 1.000 1.000
0 0 7 3 0 0
E 0.899 0.772 0.398 0.032 0.666 0.791
0 1 2 5 7 1

The network training and simulation were performed on MATLAB7.0. After the 5
samples were used in network learning, we worked out a connection weight matrix
between the input layer and the hidden layer as follows:

[=8.5213 3.1953 -2.2987 -0.3987
-1.6792 -3.5770 6.5030 1.4976
-2.2379 5.2254 39799 1.0117
-2.0351 -5.2525 -4.1773 1.1208 -2.1766
| 3.2640 -1.5205 -0.2222 -2.4762 -0.0931
The threshold vectors of the input layer and the hidden layer are:
[-0.8061 -0.1210 -3.2121 -0.4622 1.7491]

The weight matrix between the hidden layer and the output layer is:
[0.2509 -0.1920 0.8640 0.1637 -0.8128]

1.4604 |
1.9022
-1.8652

- (13)

(14)

(15)
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The threshold between the hidden layer and the output layer is: 0.0286.
The error variation is showed in Figure 5.
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Figure 5. Network Error Variation Curve

The relative errors between the simulation results obtained from the BP neural network
and the real values of the sampling companies are listed in Table 3.

Table 3. Comparison between BP Network Training Results and Real Data
Company Real data Training result Error
A 0.2186 0.218 0.27%
B 0.0000 0.0009 -
C 0.0351 0.0355 1.23%
D 1.0000 1.0001 0.01%
E 0.7911 0.7922 0.14%
As showed in Table 3, the maximum absolute error between the training results and the
the values of listed enterprises.

real data is 1.23%, indicating the expected effect. Thus, this model can be used to assess

operations. In this process, option to expand will occur. Thus, its current value was
Table 4.

Three listed renewable energy enterprises are available for selection by investors, who
estimated by using a modified real option model, and the relevant parameters are listed in

can decide whether nor not to invest them by considering the current market and the
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Table 4. Relevant Parameters in Investible Enterprises

Comp Factor
any S X o r T
= 1
68427381.25 47692813.27 0.3366 0.0329 0
G 52971643.53 35867128.54 0.3874 0.0374 8
H 57961238.91 34869275.76 0.3661 0.0383 9

Similarly, the data were normalized and inputted into the network for simulation. The
results are: VF=0.6376, VG=0.0156, VH=0.1615. Since VF >VH >VG, investors can
select company F.

5. Conclusions

Energy exploration projects economic evaluation law is a relatively new method based
on applicable, with the evaluation of the project value method Advancement some
theoretical, for energy exploration projects, the more worthy of attention and study; As
China's energy formalization and deepening of the traditional NPV economic evaluation
study of industry, policy makers will be more profound understanding of theoretical
sophistication and ease of Real Options method has on. Sophisticated financial options
pricing model and relevant parameters determined by in-depth research and analysis
theory, constructed based on the exploration phase of the classical binomial model
abandonment real.
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