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Abstract. An investment model for energy resource system of China is established in this paper. Through
analyzing the dynamics behavior of this model, the relationship between the capital investment in energy
resource system and the energy resource supply in China has been investigated. The model reveals that there
are certain boundaries which restrict the capital investment in energy system, namely, too high investment
will lead energy resource supply to increase dramatically, too low investment will cause energy resource
supply shrink. In order to keep the energy system of China away from chaos, corresponding countermeasures
for energy resource development are also put forward in this paper.
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1. Introduction

China is the world's most populous country and the second largest energy consumer (after the United
States). Production and consumption of coal, its dominant fuel, ranks the highest in the world. Although the
western of China is rich in energy resources, the eastern of China is poorly endowed. The western energy
development needs drives and supports from the eastern economic development, and supports from Chinese
governments, such as favorable policies and finances. Meanwhile, the western energy development must
expand its opening to the outside world, and greatly attract the domestic non-governmental investment and
the investment from foreign countries. It will be favorable to both sides of East and West and will help to
realize a new round of economic growth in the whole country if the east investors utilize the advantageous
time of the government implementing the Strategy of Developing Western Regions(SDWR) to invest the
western energy industry which influences the whole national economic development. The investment model
of east-west co-development in energy system of China reflects the relationship between the western energy
output and the eastern investment in the western energy system. We suppose that the eastern investment in
the western energy system is only used for the part of supplying to the East .

Many researches have been on the predication of the investment model and the energy system. Jostein
Tvedt (2002) studied the dynamics of the oil industry and drew a conclusion that in an uncertain oil demand
environment cost of structural change creates a value of waiting to invest. This investment behavior
influences the oil price process. Hirokatsu Asano (2002) investigated the investment behavior of the US
petroleum refining industry and found the minimum amount of investment and disinvestment for these
industries. Dominique Finon (2004) discussed policy options available to address the investment price-hike
challenge. Waldemar Kamrat (2002) considered the general issues faced when evaluating the risk of
investing in a local energy market. Yu and Tian (2002).Fu, Tian (2003) set up chaotic dynamics model of
China energy system. Yang and Tian (2003, 2005) analyzed recycling and non-recycling energy and got the
optimum methods to be chosen. Ding and Tian (2005) set up a game model of the central government and
local government in the West and the East, taking economic growth and energy sustainable development into
consideration. Yang and Tian (2005) studied the economic sustainable development under energy restrains.
Lu and Tian (1999) studied and analyzed substantially the influence of China’s industrial structure
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adjustment on energy-consuming and demonstrated the energy strategic choice of sustainable development.
Gilbert E. Metcalf (1995) considered cumulative investment is generally unaffected by the use of a mean
reversion process. Abel Ardrew B. (1994) extended the theory of investment under uncertainty to incorporate
fixed costs of investment, a wedge between the purchase price and sale price of capital, and potential
irreversibility of investment.

This paper sets up an investment model for China energy resource system and analyzes the relationships
among induced investment in energy, spontaneous investment in energy, energy supply and the energy
consumption coefficient by nonlinear dynamics theory. The aim of this paper is to give some suggestions
about rational energy investment in accordance with the conclusion of this model.

The rest of this paper is made up of 3 sections. Section 2 sets up the investment model. Section 3
improves the model. Section 4 gives the conclusions.

2. Establishment of the model

The investment caused by the growth of the output is called induced investment, particularly, in this paper
induced investment means the eastern investment in the western energy system, which is caused by the
increase of the western energy output for the eastern area consumption. Suppose Y, (?) is the western energy
output supplying to the eastern energy consumption at time ¢, and /() is the eastern induced investment in
the western energy system at time ¢, we get

I oy = —igr, -y, e
dt dt dt

v, = const.>0,v, is defined as investment coefficient of the East to the western energy system. ¢ is a
positive constant.
Equation (2.1) shows that the induced investment is caused by the growth of the output, consequently,

dy,
there is one term o— 7 , but the induced investment can not infinitely inflate, usually, the more present
t

investment, the more difficulties in raising money and financing, the underlying reason is that the East
(investor) must consider the risk and the profits before they invest in the west, this potential worry causes the

exist of —k/, in the model.

d
Let D= z , then equation(2.1) can be rewritten as below:
t

(D +k)I, = kv, DY,

I, = ;kleY = kv, ! py- kv, L(e*’“e’“DYl)
D+k D+k D+
(0) (2.2)
= kv,e ™ — (ek’DY) kvek’[j e" DY, dt + -]

1

If the rate of the western energy output for the East is invariable, i.e., Y, (¢) = at +b, then DY, = a, It
follows,

1,(0)
kv,

Obviously, after infinite period of time, the above expression gives lim /,(¢) = av,, the eastern induced
f—>4oo

I, =kve™ [% e -+ F]=av, —ave™ +1,(0)e™

investment in the western energy system is a constant av,, which is the product of the Eastern investment
coefficient and the rate of western energy production for the East.

If Y,(¢) is accelerated, for example, Y,(¢) = at” + b, > 1, then DY, = cat®™, so
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—Kt ! a— t [ 0
I,(t)=kv,e™ joomt lekdt+%l)

As t — +oo, [(t) — 400, which means when the acceleration of the western energy production for the East

is greater than zero, it will often cause galloping inflation of the eastern induced investment. At this critical

time, it is necessary to control the western energy output for the East.

Suppose the east energy shortage is 3 (Y1 +7, ) , where [ andY, are constants, Y, is the eastern local energy

output and imported energy from overseas.

If the eastern induced investment is in direct proportion to the increase of the western energy output for
the East, in other words,

[ =y GPUAT) dp(¥, +7,)
dt dt
Where [, is the induced investment which the east invest to itself, and since
B, +Y,)=C+1,+1,+ A + A4,, where 4 and 4, are constants, which are denoted as the spontaneous
investments of east to west and to itself respectively, where C is the eastern consumption function,

, 1, =v,

C =c,B(Y1 +Y2) , A is the eastern spontanecous investment in the western energy output (such as the

investment in the infrastructure construction of energy production, which is not influenced by the quantity of
the energy output). So

y BU+Y,) | dB +Y,)

IB(Yl""Yz):C}B(Yl""Yz)"' d 2 i +4,+ 4,
dY B
—=p(Y —-— 2.3
” p( S) (2.3)
where p=——< ,S=l—c>0,B=M—(l—c)Y,formula(2.3)willbe
v, +Vv B 2
1 2
B
D-p)Y=-——
\%
}71(1) _—lé__eptieilmﬁ
D—-pv D v

_B B (2.4)
—ep'[jo’ e P dt—Y(0)] = —e” [—2 s "”+;—Y(0)

=245, -2
S S

B
In addition, equation (2.3) has an ordinary solution ¥{;)(¢) =—.
s

From formula(2.4), we get

1" When the initial western energy output for the eastern consumption Y,(0) is bigger than

B
E (Y, (0) > E ), the output will increase exponentially. Here

1,(2) = ,BV —=pvplY, (0)——]6"’

The phenomenon of /,(?)increasing exponentially is called accelerator theory in economics. It must be
regulated by the economic means when /() has been increased to a certain extent. Otherwise it will cause
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economy overheating and further cause detrimental consequences, such as galloping inflation of the whole
national economy.

. B -y :
2°WhenY, (0) < —, the initial western energy output for the eastern consumption ¥,(0) can’t meet the

energy demand of east , furthermore, it can influence the investment enthusiasm of east . This can cause the
western energy output for the eastern consumption decreasing in long term.

B B
3" WhenY, (0) = 3 ,then Y, (t) = 3 ,it shows that the western energy output for the eastern consumption

B
will steady at E The east investment to the west and the west supply energy for the east will keep on a

steady state within a period of time, that is, the produce, the consumption and the investment keep an
equilibrium state.

If the eastern spontaneous investment 4,, 4, in the western energy production is not a constant, we

suppose that
A=A+ A4, =A,e" (r>0) (2.5)
Equation (2.3)becomes
di]] AO rt
—=pY, ——e" +7. 2.6
dt oY fs e ) (2.6)
A A
1) = {z(o)& _—o}w S )
p Bslp-r) ps(p-r)  p

We may discuss three different cases as below.
(1) When p > r, the increase of the eastern induced investment in the western energy output is higher

AO Y 2
————— ——=, then the western energy output
Ps(p-r) p

for the eastern consumption Y, (¢) will increase exponentially.

than the increase of the spontaneous investment, if Y, (0) =

(i) When p <r, ift — +oo, Y,(t) — —oo , this means that due to the fast increase of the eastern

spontaneous investment in the western energy production, the eastern productive investment in the western
energy will be squeezed out, and the output of the western energy used in eastern consumption falls sharply.
Thus it is unsuitable for the eastern spontaneous investment in the western energy production to increase too
fast.
Y. Y, At .
(iii) When p = 7, then Y, (f) = =2 +| ¥, (0)+ =2 — = |”, if £ — oo, ¥, (f) — —o0,
v r fs

in other words, when the eastern induced investment in the western energy production equals to the
spontaneous investment, the output of the western energy used in the eastern consumption will shrink.

3. Improvement of the model

If the western energy output used in the eastern consumption fluctuates with time too much, then it will lead
to the fact that the east-west co-development energy system is unstable. Thus the government must carry out
the economic readjustment and make the system develop healthily.

If
dl, dy,
L= (. —y—L
dt (7~ dt)
M:_l[ﬂ(}fl+Y2)_cﬂ(}fl+Y2)_[l_[2_A]

dt
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day,
,57= AP =), + f(A—c)Y, —1, — I, - 4]
B dy,
==—L4+5sY,-D 3.1
=T B 3.1
where D =—-MS+1, + A,s =1-c from equation (3.1) we get
dl, ,B d’y, dY,
— — 32
dt A dt’ s dt 2
differentiate equation (3.1)
dl _1d°Y dY
dt  Adt* dt
Combine equation (2.1) and let ¥, =Y , we get
2
IV | s+ k—“—v)ﬂ ksay = 14D (33)
dt B B
Turn equation (3.3) into the equivalent equation group
dY
"
(3.4)
R dsyu—ksay + 4P
a B B

D
singular point is B, = (¥,,u,) = (—,0). Eigen equation is

0—u 1
kAv
———k—As
ki (,3 )— ﬂ
—(MTV—k AS) i+ ksA=0

:l[(M—V—k As )+\/(M—V—k As)’ —4ksA]

kAv

Let A= (7—k As)® —4ksA . With respect to the value of A, three cases will be discussed in
detail.

(i) If ﬁﬂv—k As =0, then (Y,,u,) is the center point, see fig.1. At this time Y(¢) and %

D
periodically change. Y (¢) vibrates around ¥, = — ; From equation (3.3) we can get

2
d §,+ks/lY=@ (3.5)
dt B

The general solution of above equation is:

Y(1)=¢, COS(\/Iav_/It+¢)+%
S
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27

JksA

ksv—k — As = 0 is a kind of critical situation, at this point the western energy output used in the eastern
2z

VksA

¢, and ¢ are confirmed by initial value, the period of Y (¢) is

D
energy consumption fluctuates around Y, = — by the period of
s

(i) kY ks>
B

When A >0, then £, and g, both are positive real number, (¥,,u,) is an unstable double tangential

point, see fig.2.
When A =0, then g, =, >0, here (¥,,u,) is an unstable single tangential point see fig.3.

When A <0, then g, and x4, are conjugate complex numbers with positive real part, (¥,,u,) is an
unstable focus, see fig. 4.

fig.1 fig.2

0 o Y’ o ~
=8
Vy
Fig.3 Fig.4
i) MY g a5 <0

When A >0, then g, and i, both are negative real number, (¥,,u,) is a stable double tangential
point, see fig. 5.

<

fig.6

fig.5
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When A =0, then g, = 1, <0, here (¥,,u,) is a stable single tangential point, see fig.6.

When A <0, then x4, and 4, are conjugate complex numbers with negative real part, (¥,,u,) is a
stable focus, see fig.7.

/ ~ D
\ o Y

fig.7?

In order to make the western energy output used in the East steady, the system must under the condition

kAv kv k kv

—k—As <0, namely s 2?—1 , since s =1—c, hence, ¢ Sl——+§ , ¢ is the eastern
consumption coefficient of the western energy. Thus it is necessary to control the eastern consumption of the
western energy. From the long-term view of energy supply and environmental protection, the eastern energy
consumption still needs optimizing the structure, improving the efficiency and economizing the energy
utilization though the energy demand of the developed eastern area is huge and the energy resources are

kAv

of

k+As
abundant in the West. In the mean time, if —k—As <0, then v, < % , namely, it is necessary

to control the increase rate of the eastern induced investment not too fast in the case of the stimulation of the
increase of the western energy output. Meanwhile, in order to alleviate the supply and demand contradiction
of eastern energy, some capital can be used for importing the foreign high-quality energy.

4. Conclusions

In the east-west co-development energy system, the relationships between the eastern investment (includes
the induced investment and the spontaneous investment) in the western energy production and the western
energy output used in the East are as follows:

(1)When the increase of the eastern induced investment in the western energy production is higher than
the increase of the eastern spontaneous investment, and when the initial value of the western energy output
for the East Y,(0) is greater than a certain bounded value, ¥,(¢) increases at the speed of exponential
function.

(2)When the increase of the eastern spontaneous investment is higher than or equal to the eastern
productive investment in the western energy production, the western energy output for the East will decrease

sharply. Hence that the increase of eastern spontaneous investment in the western energy is too fast is
unsuitable.
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