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Using game models, we study multiperiod coordination contract and model of coal-electricity supply chain under the condition of
double price regulations to alleviate the price conflicts of coal and electricity enterprises. The study reveals that, in boom seasons
of coal demand, the multiperiod coordination mechanism may not only reduce the price of thermal coal but also increase the
fulfillment rate of thermal coal. Meanwhile, the ordering quantity of thermal coal is increased and the shortage probability of
electricity supply is decreased. Thereby, the conflicts between coal and electricity are also alleviated effectively.

1. Introduction

There are double price regulations in coal-electricity supply
chain in China [1]. Firstly, the government adopts the trans-
verse dual-track price system for coal; that is, the price of
the thermal coal is regulated and the market-oriented price
system for other coal is carried out. The government tried to
let go the price control of thermal coal since 2002. However,
the price of the thermal coal is still regulated by government.
Facing the ever-increasing price of the thermal coal, National
Development and Reform Commission has more than once
exerted the temporary intervention on the price of thermal
coal since 2008. Secondly, there exists a longitudinal dual-
track price system between coal and electricity. Under the
circumstance of lifting the control of the price of thermal coal
step by step, the price of the electricity is but strictly regulated
by the government.

In recent years, the tension of coal-electricity relationship
in China is highlighted. The price conflicts of supply and
demand of the thermal coal for a certain region and a certain
period appear from time to time. Especially at the time of hot
summer, cold winter, and unexpected natural disasters, the
problem stands out as extremely serious. This often leads to
periodic power shortages. Under conditions of double price

regulations, it is necessary to study how to coordinate the
coal-electricity supply chain to ease the conflicts between coal
and electricity.

Although price regulation in coal-electricity supply chain
has been noticed by many authors, most of them only
pay attention to single price regulation. Some authors mea-
sured the impact of regulatory measures which affected the
wholesale market and the possibility that price regulation
increases a monopolist’s cost efficiency, respectively [2–6].
Some other authors studied the incentives of regulated firms’
investment and strategic behavior [7–14]. Few literatures
studied the coordination mechanism under the condition
of price regulation, except that [15, 16] studied the revenue
(profit) sharing coordination under price cap regulation.

Many scholars studied the decision-making problem of
the supply chain with season pattern demand. Most of the
authors studied the optimal production, inventory, or order
lot size with fluctuating demand [17–27]. Some authors
studied the optimal replenishment policy for product with
season pattern demand [28–30]. Hsu and Li [31] focused
on supply chain network design problems by considering
economies of scale and demand fluctuations.

Some other scholars studied the coordinationmechanism
of the supply chain with season pattern demand. Chang
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and Chou [32] considered a single product coordination
system using a periodic review policy. Dye and Ouyang
[33] established a deterministic economic order quantity
model for a retailer to determine its optimal selling price,
replenishment number, and replenishment schedule with
fluctuating demand under two levels of trade credit policy.
Cho and Lee [34] used three levels of information sharing to
coordinate the supply chain in order to evaluate the value of
information sharing in a two-echelon seasonal supply chain.
Wu and Zhang [35] presented an investigation on simulation
of interaction between customers and suppliers in a three-tier
supply chain system. In the simulation, customers respond
to the price discount offer made by the supplier and the
supplier adjusts the price according to stock held. Chen and
Xu [36] introduced an improved operating system whose
impact to both bodies of a supply chain is examined under
the condition of information symmetry.

Some scholars studied the multiperiod decision-making
and coordination problem of the supply chain with season
pattern demand. Chen and Xiao [37] developed a two-period
game model of a supply chain including one manufacturer
and one retailer to investigate the optimal decisions of the
players. Liu et al. [38] examined the use of price-commitment
policies in dynamic contracting in multiple-period, finite-
time horizons. Aviv and Federgruen [39] addressed multi-
item inventory systems with random and seasonally fluc-
tuating demands. Some authors consider demand models
in the dynamic pricing setting, where past prices affect the
current demand via reference price formation mechanisms
[40–42]. Besanko and Winston [43] consider a markdown
pricing mechanism of a monopolist facing a fixed number
of customers during a planning horizon. Being most closely
related to [44, 45], Ahn et al. [46] modeled a joint manufac-
turing/pricing decision problem, accounting for that portion
of demand realized in each period that is induced by the
interaction of pricing decisions in the current period and in
previous periods. However, the price regulation was mostly
not taken into consideration in the above literatures.

To our knowledge, only [9] established a multiperiod
game model under three scenarios: no regulation, a dynamic
setting where the price cap adjustment mechanism is not
adopted by the players, and a dynamic setting where it is
adopted by the players.

According to the above literature review, few literatures
probe into the in-depth study of the impacts of the price
regulation and fewer literatures studied the coordination
mechanisms under the condition of price regulation. The
price regulation is mostly not taken into consideration in the
literatures that studied the decision-making and coordination
problem of the supply chain with season pattern demand. To
our knowledge, only Peng et al. [47] studied the decision-
making and coordination problem under the conditions of
double price regulations. The paper studied the peak shaving
reserve mechanism of coal-electricity supply chain under
conditions of double price regulations. But the construction
of peak shaving reserve warehouses of thermal coal is always
beyond the enterprises’ ability.

Under conditions of double price regulations, the trans-
verse price double track caused by coal price regulation and
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Figure 1: Coal-electricity supply chain with double price regula-
tions.

the longitudinal price double track caused by electricity price
regulation should be eased to solve the price conflict of coal
and electricity. A coal-electricity supply chain including one
coal enterprise and one electricity enterprise is taken as the
object of study (see Figure 1), where the prices of the thermal
coal and electricity are regulated and the demand of coal
has the characteristics of seasonal fluctuations. Based on the
study of the impact of double price regulations on the deci-
sions of producing or supplying of coal and electricity [47],
this paper studies the multiperiod coordination mechanism
to coordinate the coal-electricity supply chain.

Compared with the literatures, the main contributions
of the paper can be summarized as follows. Firstly, we
analyze the impact of the double price regulations of the
thermal coal and electricity. Secondly, we study multiperiod
coordinationmechanismandmodel of coal-electricity supply
chain with the dynamic coordination variables of the price
and the fulfillment rate.Thirdly, we prove theoretically that, in
boom seasons of coal demand, the multiperiod coordination
mechanismmay not only reduce the price of thermal coal but
also increase the fulfillment rate of thermal coal. Meanwhile,
the ordering quantity of thermal coal is increased and
the shortage probability of electricity supply is decreased.
Thereby, the multiperiod coordination mechanism may ease
the conflicts between coal and electricity.

2. Major Assumptions and Notations

2.1. Notations. The following notations are used throughout
this paper.

Subscript or Superscript

𝑡: subscript, the period, where 𝑡 = 1 is the boom
season, and 𝑡 = 2 is the slack season,
𝑠: subscript, coal enterprise,
𝑚: subscript, electricity enterprise,
𝑈: superscript, the decision without coordination,
DC: superscript, the decision with coordination.

Parameters

𝑃
𝑚
: the price of electricity,

𝐶
𝑚
: the generating cost,
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𝜉: the generating quantity per unit coal,

𝑅
𝑚
: the shortage cost of electricity supply,

𝑃
𝑠𝑡
: the market price of coal,

𝑋: a random variable, with probability density func-
tion 𝑓(⋅),

𝐷
𝑚𝑡
𝑋: the demand of electricity,

𝐷
𝑜𝑡
: the order quantity of other coal,

𝑄
𝑠𝑡
: the output capacity of coal,

𝐶
𝑠
: the production cost of coal,

𝐻
𝑠
: the inventory cost of coal.

Decision Variables

𝑞
𝑚𝑡
: the order quantity of thermal coal, decided by

electricity enterprises,

𝛼: the rate of price inflation of the thermal coal in
boom seasons, decided by coal enterprises,

𝜆: the fulfillment rate of the thermal coal in boom
seasons, decided by coal enterprises,

𝜆0: the basic ordering proportion of the thermal coal,
decided by electricity enterprises,

𝛽: the dynamic coordinate parameter of the fulfill-
ment rate, decided by electricity enterprises,

𝛾: the dynamic coordinate parameter of the price,
decided by electricity enterprise.

2.2. Major Assumptions

(1) Due to the price regulation of electricity, the electric-
ity price is not changed during a boom season and a
slack season of coal demand.

(2) Due to the price regulation of thermal coal, the rate
of price inflation of the thermal coal in the boom
season should not exceed 𝛼0; that is, 𝛼 ≤ 𝛼0. Under
the conditions of price regulation of thermal coal, the
negotiated price of the thermal coal is far lower than
the market price of other coal.

(3) Coal enterprise and electricity enterprise are both
rational.

(4) The expected value of𝑋 is 1; that is, the expected value
of the demand of electricity is𝐷

𝑚𝑡
.

(5) The coal enterprises should assume the losses caused
by the shortage of the thermal coal, which includes
intangible cost such as credit loss and government
punishment because of short supply. We assume that
the shortage cost of thermal coal is an increasing
marginal function of the shortage. Let the shortage
cost be 𝑅

𝑠
(1 − 𝜆)

2
𝑞
𝑚1, and 𝑅

𝑠
is the shortage cost

coefficient.

3. The Multiperiod Coordination Mechanism
of Coal-Electricity Supply Chain

3.1. The Design of Multiperiod Coordination Contract. The
principle of the multiperiod coordination contract is as
follows.

(1) In order to punish the coal enterprise for reducing coal
supplies in the boom season of coal demand, the electricity
enterprise reduces the ordering quantity of thermal coal
in the slack season of coal demand. The reduced rate of
the ordering quantity of thermal coal is 𝛽(1 − 𝜆), while
the remainder is purchased from other coal enterprises.
Therefore, the electricity enterprise’s ordering quantity of
thermal coal from the coal enterprise in the slack season is
[𝜆0−𝛽(1−𝜆)]𝑞𝑚2, where𝜆0 is the basic ordering proportion of
the thermal coal.We call𝛽 the dynamic coordinate parameter
of the fulfillment rate.

(2) In order to adjust the rate of price inflation of the
thermal coal in the boom season, the electricity enterprise
decides that the basic ordering proportion of the thermal coal
is 𝜆0 = 1 − 𝛾𝛼 in the slack season of coal demand. We call 𝛾
the dynamic coordinate parameter of the price.

Under themultiperiod coordinationmechanism, the coal
enterprise makes the decisions of 𝜆 and 𝛼, and the electricity
enterprise makes the decisions of 𝑞

𝑚1, 𝑞𝑚2, 𝛽, and 𝛾.

3.2. Multiperiod Coordination Models of Coal-Electricity Sup-
ply Chain. The decision-making processes of coal-electricity
supply chain under the situation of multiperiod coordination
mechanism are as follows: (1) the electricity firm decides on
𝛽 and 𝛾; (2) the coal firm decides on 𝛼; (3) the electricity firm
chooses 𝑞

𝑚𝑡
; (4) the coal firm chooses 𝜆.

According to the backward induction, we establish and
solve multiperiod coordination models of coal-electricity
supply chain.

3.2.1. The Decision-Making of the Fulfillment Rate of Thermal
Coal in the Boom Season of Coal Demand by the Coal
Enterprise. The coal enterprise makes the decisions of the
fulfillment rate of thermal coal in boom seasons under the
situation that 𝛽, 𝛾, 𝛼, 𝑞

𝑚1, and 𝑞
𝑚2 are known. Under the

situation of multiperiod coordination mechanism, the total
profit of the coal enterprise in the periods of one boom season
and one slack season is

𝜋
𝑠

DC
= (1+𝛼) 𝑃

𝑠2𝜆𝑞𝑚1 +𝑃𝑠1 (𝑄𝑠1 −𝜆𝑞𝑚1)

+ 𝑃
𝑠2 {[𝜆0 −𝛽 (1−𝜆)] 𝑞𝑚2 +𝐷𝑜2}

− 𝑅
𝑠
(1−𝜆)2 𝑞

𝑚1

−𝐶
𝑠
{𝑄
𝑠1 + [𝜆0 −𝛽 (1−𝜆)] 𝑞𝑚2 +𝐷𝑜2} .

(1)

The first term in the profit function corresponds to the sales
revenue of thermal coal in the boom season, the second term
is the sales revenue of other coal in the boom season, the third
term is the sales revenue of coal in the slack season, the fourth
term is the shortage cost of thermal coal, and the fifth term is
the production cost of coal.
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Proposition 1. Under the situation of multiperiod coordina-
tion mechanism and in the periods of one boom season and
one slack season, the profit of the coal enterprise is a concave
function of the fulfillment rate of thermal coal in the boom
season. Under this situation, 𝜆𝐷𝐶 satisfies the following model:

𝜆
𝐷𝐶

= 1−
𝑃
𝑠1 − (1 + 𝛼) 𝑃𝑠2

2𝑅
𝑠

+
(𝑃
𝑠2 − 𝐶𝑠) 𝛽𝑞𝑚2
2𝑅
𝑠
𝑞
𝑚1

. (2)

We have the proof of Proposition 1 in the Appendices.

3.2.2. The Decision-Making of the Ordering Quantity of the
Thermal Coal by the Electricity Enterprise. The electricity
enterprise makes the decisions of the ordering quantity of the
thermal coal under the situation that 𝛽, 𝛾, and 𝛼 are known.
Under the situation of multiperiod coordinationmechanism,
the total expected profit of the electricity enterprise in the
periods of one boom season and one slack season is

𝜋
𝑚

DC
= (𝑃
𝑚
−𝐶
𝑚
)min (𝐷

𝑚1𝑋, 𝜉𝜆𝑞𝑚1)

− (1+𝛼) 𝑃
𝑠2𝜆𝑞𝑚1

−𝑅
𝑚
max (𝐷

𝑚1𝑋−𝜉𝜆𝑞
𝑚1, 0)

+ (𝑃
𝑚
−𝐶
𝑚
)min (𝐷

𝑚2𝑋, 𝜉𝑞𝑚2) − 𝑃𝑠2𝑞𝑚2

−𝑅
𝑚
max (𝐷

𝑚2𝑋−𝜉𝑞
𝑚2, 0) ,

(3)

where the first term is the difference of the sales revenue with
the generating cost in the boom season, the second term is
the purchase cost of thermal coal in the boom season, the
third term is the shortage cost of power in the boom season,
the fourth term is the difference of the sales revenue with
the generating cost in the slack season, the fifth term is the
purchase cost of thermal coal in the slack season, and the sixth
term is the shortage cost of power in the slack season.

According to the assumption that the electricity enter-
prise is rational, the electricity enterprise makes decisions of
the ordering quantity of thermal coal based on the decision-
making of the fulfillment rate of thermal coal in the boom
season of coal demand by the coal enterprise, that is, formula
(2). The decision-making model is

max 𝐸𝜋
𝑚

DC

= (𝑃
𝑚
−𝐶
𝑚
) [∫

𝜉𝜆𝑞
𝑚1/𝐷𝑚1

0
𝐷
𝑚1𝑥𝑓 (𝑥) 𝑑𝑥 +∫

+∞

𝜉𝜆𝑞
𝑚1/𝐷𝑚1

𝜉𝜆𝑞
𝑚1𝑓 (𝑥) 𝑑𝑥]− (1+𝛼) 𝑃𝑠2𝜆𝑞𝑚1

−𝑅
𝑚
∫

+∞

𝜉𝜆𝑞
𝑚1/𝐷𝑚1

(𝐷
𝑚1𝑥− 𝜉𝜆𝑞𝑚1) 𝑓 (𝑥) 𝑑𝑥 + (𝑃𝑚 −𝐶𝑚) [∫

𝜉𝑞
𝑚2/𝐷𝑚2

0
𝐷
𝑚2𝑥𝑓 (𝑥) 𝑑𝑥 +∫

+∞

𝜉𝑞
𝑚2/𝐷𝑚2

𝜉𝑞
𝑚2𝑓 (𝑥) 𝑑𝑥]

−𝑃
𝑠2𝑞𝑚2 −𝑅𝑚 ∫

+∞

𝜉𝑞
𝑚2/𝐷𝑚2

(𝐷
𝑚2𝑥− 𝜉𝑞𝑚2) 𝑓 (𝑥) 𝑑𝑥

s.t. 𝜆
DC

= 1−
𝑃
𝑠1 − (1 + 𝛼) 𝑃𝑠2

2𝑅
𝑠

+
(𝑃
𝑠2 − 𝐶𝑠) 𝛽𝑞𝑚2
2𝑅
𝑠
𝑞
𝑚1

.

(4)

Proposition 2. Under the situation of multiperiod coordina-
tionmechanism and in the periods of one boom season and one
slack season, the total expected profit of the electricity enterprise
is a concave function of the ordering quantity of the thermal
coal in boom and slack seasons of coal demand. Under this
situation, 𝑞

𝑚1 and 𝑞𝑚2 satisfy the following model:

∫

+∞

𝜉𝜆𝑞
𝑚1/𝐷𝑚1

𝑓 (𝑥) 𝑑𝑥 =
(1 + 𝛼) 𝑃

𝑠2
[(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉]

,

∫

+∞

𝜉𝑞
𝑚2/𝐷𝑚2

𝑓 (𝑥) 𝑑𝑥 =
𝑃
𝑠2

[(𝑃
𝑚
+ 𝐻
𝑚
− 𝐶
𝑚
) 𝜉]

.

(5)

We have the proof of Proposition 2 in the Appendices.
It can be seen from formula (5) that 𝜆𝑞

𝑚1 is a constant.
This is because the electricity enterprise knows the decision-
making of the fulfillment rate of thermal coal by the coal

enterprise, so the electricity enterprise can increase the
ordering quantity of thermal coal to keep 𝜆𝑞

𝑚1 as a constant.
In theory, the fulfillment rate of thermal coal in the boom
season of coal demand has no effect on the expected profit of
the electricity enterprise. But in practice, when the fulfillment
rate of thermal coal is low, the initiatives of the coal enterprise
to supply thermal coal are decreased and the coal enterprise
may reduce the coal quality to satisfy the order. This may be
an adverse effect on the electricity enterprise.

3.2.3. The Decision-Making of the Rate of Price Inflation of
the Thermal Coal in the Boom Season by the Coal Enterprise.
The coal enterprise makes the decisions of the rate of price
inflation of the thermal coal in the boom season under the
situation that 𝛽 is known. According to the assumption that
the coal enterprise is rational, the coal enterprise knows the
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decision-making of the ordering quantity of the thermal coal
by the electricity enterprise, that is, formula (5).The decision-
making model is

max 𝜋
𝑠

DC

= (1+𝛼) 𝑃
𝑠2𝜆𝑞𝑚1 +𝑃𝑠1 (𝑄𝑠1 −𝜆𝑞𝑚1)

+ 𝑃
𝑠2 {[1− 𝛾𝛼−𝛽 (1−𝜆)] 𝑞𝑚2 +𝐷𝑜2}

− 𝑅
𝑠
(1−𝜆)2 𝑞

𝑚1

−𝐶
𝑠
{𝑄
𝑠1 + [1− 𝛾𝛼−𝛽 (1−𝜆)] 𝑞𝑚2 +𝐷𝑜2}

s.t. ∫

+∞

𝜉𝜆𝑞
𝑚1/𝐷𝑚1

𝑓 (𝑥) 𝑑𝑥 =
(1 + 𝛼) 𝑃

𝑠2
(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉

∫

+∞

𝜉𝑞
𝑚2/𝐷𝑚2

𝑓 (𝑥) 𝑑𝑥 =
𝑃
𝑠2

(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉

𝜆
DC

= 1−
𝑃
𝑠1 − (1 + 𝛼) 𝑃𝑠2

2𝑅
𝑠

+
(𝑃
𝑠2 − 𝐶𝑠) 𝛽𝑞𝑚2
2𝑅
𝑠
𝑞
𝑚1

.

(6)

The first term in the profit function corresponds to the sales
revenue of thermal coal in the boom season, the second term
is the sales revenue of other coal in the boom season, the third
term is the sales revenue of coal in the slack season, the fourth
term is the shortage cost of thermal coal, and the fifth term is
the production cost of coal.

According to formula (6), we can gain formula (7) by
letting 𝑑𝜋

𝑠

DC
/𝑑𝛼:

2𝑅
𝑠
𝑃
𝑠2𝐷𝑚1 [𝛼

DC
𝑃
𝑠2𝜆 − 𝑅𝑠 (1 − 𝜆)

2
]

(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉

2
𝑓 (𝜉𝜆𝑞

𝑚1/𝐷𝑚1)

= (1+𝜆2) 𝑅
𝑠
𝑃
𝑠2𝑞𝑚1

+𝜆 (𝑃
𝑠2 −𝐶𝑠) (−2𝛾𝑅𝑠 +𝛽𝑃𝑠2) 𝑞𝑚2.

(7)

It can be seen from formula (7) that the rate of price
inflation of the thermal coal in the boom season, 𝛼, is a
function of the coordination parameter 𝛾.

3.2.4. The Decision-Making of the Coordination Parameters by
the Electricity Enterprise. According to the assumption that
the electricity enterprise is rational, the electricity enterprise
knows the decision-making of the rate of price inflation of
the thermal coal in the boom season of coal demand by the
coal enterprise, that is, formula (7). Based on formula (7), the
electricity enterprise makes the decisions of the coordination
parameters 𝛽 and 𝛾 as follows:

𝜆
DC

= 1−
𝑃
𝑠1 − (1 + 𝛼) 𝑃𝑠2

2𝑅
𝑠

+
(𝑃
𝑠2 − 𝐶𝑠) 𝛽𝑞𝑚2
2𝑅
𝑠
𝑞
𝑚1

,

2𝑅
𝑠
𝑃
𝑠2𝐷𝑚1 [𝛼

DC
𝑃
𝑠2𝜆 − 𝑅𝑠 (1 − 𝜆)

2
]

(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉

2
𝑓 (𝜉𝜆𝑞

𝑚1/𝐷𝑚1)

= (1+𝜆2) 𝑅
𝑠
𝑃
𝑠2𝑞𝑚1

+𝜆 (𝑃
𝑠2 −𝐶𝑠) (−2𝛾𝑅𝑠 +𝛽𝑃𝑠2) 𝑞𝑚2

𝛼
DC

= 0, 𝜆DC
= 1.

(8)

The first term is function (2), and the second term is
function (7).

According to formulas (2) and (7),

𝜕𝛼
DC

𝜕𝛾

= −
(𝑃
𝑠2 − 𝐶𝑠) (𝑃𝑚 + 𝑅𝑚 − 𝐶𝑚) 𝜉

2
𝑓 (𝜉𝜆𝑞

𝑚1/𝐷𝑚1) 𝑞𝑚2

𝑃
𝑠2
2
𝐷
𝑚1

< 0,

𝜕𝐸𝜋
𝑚

DC

𝜕𝛾

= −[
(1 + 𝛼) 𝑃

𝑠2
2
𝐷
𝑚1

(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉𝑓 (𝜉𝜆𝑞

𝑚1/𝐷𝑚1)
+ 𝑃
𝑠2𝜆𝑞𝑚1]

𝜕𝛼

𝜕𝛾

> 0.

(9)

So 𝜕𝐸𝜋
𝑚

DC
/𝜕𝛼 < 0, to achieve the optimal expected profit,

and 𝛼DC
= 0 in formula (8).

According to formula (5), in theory, the fulfillment rate of
thermal coal in boom seasons of coal demand has no effect
on the expected profit of the electricity enterprise. But in
practice, when the fulfillment rate of thermal coal is low, the
initiatives of the coal enterprise to supply thermal coal are
decreased and the coal enterprise may reduce the coal quality
to satisfy the order. This may be an adverse effect on the
electricity enterprise. The electricity enterprise should make
the decision of the coordination parameter 𝛽 to increase
the fulfillment rate of thermal coal in boom seasons of coal
demand. So, 𝜆DC

= 1 in formula (8).
According to formula (8), we can get Proposition 3.

Proposition 3. Under the situation of multiperiod coordina-
tion mechanism, the coordination parameters may satisfy the
following models:

𝛽 =
(𝑃
𝑠1 − 𝑃𝑠2) 𝑞𝑚1

(𝑃
𝑠2 − 𝐶𝑠) 𝑞𝑚2

= −
𝑞
𝑚1
𝑞
𝑚2

+
(𝑃
𝑠1 − 𝐶𝑠) 𝑞𝑚1

(𝑃
𝑠2 − 𝐶𝑠) 𝑞𝑚2

,

𝛾 =
𝑃
𝑠2 (2𝑅𝑠 + 𝑃𝑠1 − 𝑃𝑠2) 𝑞𝑚1
2𝑅
𝑠
(𝑃
𝑠2 − 𝐶𝑠) 𝑞𝑚2

=
𝑃
𝑠2

(𝑃
𝑠2 − 𝐶𝑠)

+
𝑃
𝑠2 (𝑃𝑠1 − 𝑃𝑠2) 𝑞𝑚1

2𝑅
𝑠
(𝑃
𝑠2 − 𝐶𝑠) 𝑞𝑚2

.

(10)

According to formulas (2), (5), (7), and (10), one can gain
the decision-making of the coordination parameters: the rate
of price inflation of the thermal coal in the boom season, the
ordering quantity of the thermal coal, and the fulfillment rate
of the thermal coal in the boom season.

4. Numerical Analysis

Parameters of a coal-electricity supply chain in the periods
of one boom season and one slack season are as follows.
The price of electricity 𝑃

𝑚
= 4500 (Yuan/104kw-h), the
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Table 1: Decision and results under conditions of no coordination mechanism and multiperiod coordination mechanism.

𝛼 𝜆 (%) 𝛾 𝛽
Total profit in two periods

𝑃sp (%)
The coal enterprise The electricity enterprise

𝑈 0.2 75 — — 10815 10215 8
DC 0 100 4.30 1.88 11914 11758 0
𝑃sp: probability of shortage of power supply.

Table 2: Sensitivity analysis of the decision-making of coordination parameters.

𝛼 𝜆 (%) 𝛾 𝛽
Total profit in two periods

𝑃sp (%)
The coal enterprise The electricity enterprise

0.15

75 4.36 0.20 10828 10597 6
85 4.09 0.76 11168 10597 6
95 3.93 1.20 11508 10597 6
100 3.88 1.38 11693 10597 6

0.1

75 4.54 0.41 10836 10982 4
85 4.24 0.94 11163 10982 4
95 4.07 1.37 11536 10982 4
100 4.02 1.54 11737 10982 4

0.05

75 4.71 0.62 10836 11369 2
85 4.40 1.13 11191 11369 2
95 4.22 1.54 11594 11369 2
100 4.16 1.71 11810 11369 2

0

75 4.89 0.83 10874 11758 0
85 4.56 1.32 11253 11758 0
95 4.36 1.71 11684 11758 0
100 4.30 1.88 11914 11758 0

𝑃sp: probability of shortage of power supply.

shortage cost of electricity supply 𝑅
𝑚
= 300 (Yuan/104kw-h),

the generating cost 𝐶
𝑚
= 1000 (Yuan/104kw-h), the generat-

ing quantity per unit coal 𝜉 = 0.33 (104kw-h/ton), and the
production cost of coal 𝐶

𝑠
= 300 (Yuan/ton). In boom sea-

sons of coal demand, the expected demand of electricity
𝐷
𝑚1 = 50000 (104kw-h), the order quantity of other coal

𝐷
𝑜1 = 150000 (tons), the output capacity of coal 𝑄

𝑠1 =

250000 (tons), the market price of coal 𝑃
𝑠1 = 800 (Yuan/ton),

the coefficient of shortage cost 𝑅
𝑠

= 400, and the rate
of price inflation of the thermal coal in boom seasons
𝛼0 = 0.2. In slack seasons of coal demand, the demand of
electricity 𝐷

𝑚2 = 40000 (104kw-h), the order quantity of
other coal 𝐷

𝑜2 = 80000 (tons), the output capacity of coal
𝑄
𝑠2 = 250000 (tons), and the market price of coal 𝑃

𝑠2 =

500 (Yuan/ton). 𝑋 is subject to uniform distribution 𝑈(1 −
𝑛, 1 + 𝑛), where 𝑛 = 0.15.

The decision-making results are shown in Table 1. From
Table 1, it can be seen that, under the conditions of double
price regulations, when the rate of price inflation of the
thermal coal in the boom seasons is 20%, the fulfillment rate
of the thermal coal in the boom seasons is only 75%, and
the probability of shortage proportion of price element of
electricity supply in boom seasons is 8%.

Under the conditions of multiperiod coordination mech-
anism, the rate of price inflation of the thermal coal in the
boom seasons decreases to 0, and the fulfillment rate of
the thermal coal in the boom seasons increases to 100%;
meanwhile the probability of shortage proportion of price
element of electricity supply in boom seasons decreases to 0.
Furthermore, the expected profits of the coal enterprise and
the electricity enterprise both rise under the conditions of
multiperiod coordination mechanism.

The sensitivity analysis of the decision-making of coordi-
nation parameters is shown in Table 2. It can be seen from
Table 2 that the total profits of the coal enterprise and the
electricity enterprise in two periods achieve the maximal
value when 𝛾 = 4.30 and 𝛽 = 1.88.

5. Discussions and Conclusions

Based on the mechanism of coal-electricity price conflict
under conditions of double price regulations [47], we study
the multiperiod coordination mechanism in coal-electricity
supply chain. The study reveals that, in order to solve the
conflict between coal and electricity, the transverse price
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double track caused by coal price regulation and the longitu-
dinal price double track caused by electricity price regulation
should be eased. The advice of coal-electricity integration
[48] cannot solve the problem of the longitudinal price dou-
ble track. And coal-electricity integration is not easy to carry
out widely. The linkage mechanism for the coal-electricity
price [49] may not solve the problem of the transverse
price double track. Also the electricity price increase has
an adverse influence on the total output, Gross Domestic
Product (GDP), and the Consumer Price Index (CPI) [50].
The mechanism of peak shaving reserve of thermal coal may
increase the enthusiasm of the power enterprises to order
more thermal coal and the initiatives of the coal enterprises to
supply more thermal coal [47]. However, the construction of
peak shaving reserve warehouses of thermal coal would not
be easy.

In boom seasons of coal demand, themultiperiod coordi-
nation mechanism may not only reduce the price of thermal
coal but also increase the fulfillment rate of thermal coal.
Meanwhile, the ordering quantity of thermal coal is increased
and the shortage probability of electricity supply is decreased.
Thereby, the multiperiod coordination mechanism may ease
the conflicts between coal and electricity. Thus, it is an
effective mechanism to solve the conflict problem of coal-
electricity in China.

The insights of the analysis and findings of the paper are
as follows. Under the situation of multiperiod coordination
mechanism, the reasonable decision of the dynamic coor-
dinate parameters of the fulfillment rate and the price by
electricity firms can guide the coal firms to reduce the price
of thermal coal, increase the fulfillment rate of thermal coal,
and stabilize the coal sales in slack seasons. The multiperiod
coordinationmechanism can ease the transverse price double
track caused by coal price regulation and the longitudinal
price double track caused by electricity price regulation.
Especially under the circumstance of lifting the control of
the price of the thermal coal step by step, the conflict
between coal and electricity during the boom season of coal
demand will inevitably become more intense. Against this
background, it is an effective way to alleviate the conflict
by establishing multiperiod coordination mechanism of coal
firms and electricity firms.

Appendices

A. Proof of Proposition 1

Since

𝑑𝜋
𝑠

DC

𝑑𝜆
= (1+𝛼) 𝑃

𝑠2𝑞𝑚1 −𝑃𝑠1𝑞𝑚1 + 2𝑅𝑠 (1−𝜆) 𝑞𝑚1

+ (𝑃
𝑠2 −𝐶𝑠) 𝛽𝑞𝑚2,

𝑑
2
𝜋
𝑠

DC

𝑑𝜆
2 = − 2𝑅

𝑠
𝑞
𝑚1 < 0,

(A.1)

so 𝜋
𝑠

DC is a concave function of 𝜆, and formula (2) is gained
if 𝑑𝜋
𝑠

DC
/𝑑𝜆 = 0.

B. Proof of Proposition 2

Since

𝜕𝐸𝜋
𝑚

DC

𝜕𝑞
𝑚1

= [(𝑃
𝑚
+𝑅
𝑚
−𝐶
𝑚
) 𝜉 ∫

+∞

𝜉𝜆𝑞
𝑚1/𝐷𝑚1

𝑓 (𝑥) 𝑑𝑥

− (1+𝛼) 𝑃
𝑠2] [1−

𝑃
𝑠1 − (1 + 𝛼) 𝑃𝑠2

2𝑅
𝑠

] ,

𝜕𝐸𝜋
𝑚

DC

𝜕𝑞
𝑚2

=
(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉 (𝑃
𝑠2 − 𝐶𝑠) 𝛽

2𝑅
𝑠

⋅ ∫

+∞

𝜉𝜆𝑞
𝑚1/𝐷𝑚1

𝑓 (𝑥) 𝑑𝑥 + (𝑃
𝑚
+𝑅
𝑚
−𝐶
𝑚
)

⋅ 𝜉 ∫

+∞

𝜉𝑞
𝑚2/𝐷𝑚2

𝑓 (𝑥) 𝑑𝑥 −
𝛽 (𝑃
𝑠2 − 𝐶𝑠) (1 + 𝛼) 𝑃𝑠2

2𝑅
𝑠

−𝑃
𝑠2,

𝜕
2
𝐸𝜋
𝑚

DC

𝜕𝑞
𝑚1

2 = − (𝑃
𝑚
+𝑅
𝑚
−𝐶
𝑚
)
𝜉
2
𝜆

𝐷
𝑚1
𝑓(

𝜉𝜆𝑞
𝑚1

𝐷
𝑚1

)[1

−
𝑃
𝑠1 − (1 + 𝛼) 𝑃𝑠2

2𝑅
𝑠

] ≤ 0,

𝜕
2
𝐸𝜋
𝑚

DC

𝜕𝑞
𝑚2

2 = −
(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉

2

𝐷
𝑚2

𝑓(
𝜉𝑞
𝑚2

𝐷
𝑚2

) ≤ 0;

𝜕
2
𝐸𝜋
𝑚

DC

𝜕𝑞
𝑚1𝜕𝑞𝑚2

= 0

𝜕
2
𝐸𝜋
𝑚

DC

𝜕𝑞
𝑚2𝜕𝑞𝑚1

= −
(𝑃
𝑚
+ 𝑅
𝑚
− 𝐶
𝑚
) 𝜉

2
𝜆 (𝑃
𝑠2 − 𝐶𝑠) 𝛽

2𝑅
𝑠
𝐷
𝑚1

⋅ 𝑓 (
𝜉𝜆𝑞
𝑚1

𝐷
𝑚1

) .

(B.1)

So, the Hessen matrix [ 𝜕
2
𝐸𝜋
𝑚

DC
/𝜕𝑞
𝑚1

2
𝜕
2
𝐸𝜋
𝑚

DC
/𝜕𝑞
𝑚1𝜕𝑞𝑚2

𝜕
2
𝐸𝜋
𝑚

DC
/𝜕𝑞
𝑚2𝜕𝑞𝑚1 𝜕

2
𝐸𝜋
𝑚

DC
/𝜕𝑞
𝑚2

2 ] is a
negative matrix. Therefore, 𝐸𝜋

𝑚

DC is a concave function of
𝑞
𝑚1 and 𝑞𝑚2, and formula (8) is gained if 𝜕𝐸𝜋

𝑚

DC
/𝜕𝑞
𝑚1 = 0

and 𝜕𝐸𝜋
𝑚

DC
/𝜕𝑞
𝑚2 = 0.
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