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Research on production
decision-making mechanism of energy
supply chain

ZHANG YUuNLONG', ZHAO DaozH1', XIE
XINPENG?'?

Abstract. This paper considers a supply chain system consisting of a product manufacturer
that is regulated by the governmentand a supplier which provides the required electricity to the
manufacturer. By establishing the Stackelberg game model for two main bodies, the influence
of product power consumption and government energy constraint on optimal solution and optimal
profit is discussed and analyzed. The results indicate that the government should prudently develop
the upper limit of electricity, and the manufacturer should effectively manage the product’s energy
consumption, so that the utility of two main bodies can achieve the best.

Key words. government regulation; electric power supplier; electric energy price; Decision-
making Mechanism.

1. Introduction

In order to achieve domestic and international commitments to control carbon
emissions, placecountry-regionChina has piloted carbon trading in seven regions.
Carbon assets have developed into a scarce resource that can be traded on interna-
tional and domestic carbon trading markets. The power industry, as placecountry-
regionChina’s largest carbon sector, is an important market participant in existing
carbon trading pilot and future national carbon markets. With the development of
carbon emissions trading market at home and abroad, as well as the participation of
placecountry-regionChina’s power industry in the domestic carbon emissions trading
market, this paper follows the latest developments from the power generation side
and the grid side to the carbon market. The key influencing factors of the carbon
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emission in placecountry-regionChina’s power industry include the type of power
generation, quota determination and distribution, and emission reduction methods.

2. Formulation of the problem

In the literature [1-5], initial allocation of carbon emissions quotas for the power
sector has been studied. In the literature [1], the least squares method is used to
study the initial distribution of carbon emission rights in the case of multi-criteria.
Literature [2] shows five distribution modes, such as the average installed capac-
ity allocation model, and compares their efficiency through analysis; literature [3]
considered the actual situation of China’s power industry development, proposed
a two-level distribution mechanism based on regional comparison; In the literature
[4], the fair distribution of the initial carbon emission rights of the unit is studied
by using the rights-based distribution theory. Literature [5] compares the impact
of the potential gains and compensation on the power generation enterprises based
on the two distribution rules of historical emissions and historical production in the
electricity market environment.

Literature [6] believes that the power supply chain is also a special supply chain,
consisting of the power generation enterprises, power grid enterprises and power
units.Literature 7] has discussed the construction of collaborative decision model of
power supply chain alliance under the environment of BIC coal in power generation
supply and procurement management.On the basis of the above literature, this study
will investigate the enterprise’s production decision and coordination mechanism of
the electric supply chain, to achieve resources optimization allocation and enhance
mutual cooperation.

3. Parameter Description

According to the above literature, based on the relevant results of the study, this
paper will considere the coordination optimization problem with a newsboy model
which is composed by a manufacturer under government regulation and an electric
energy supplier in the supply chain system.

The cost ¢, and the selling price of the production unit of the manufacturer p
are constant. Manufacturer makes output quantity decision ¢ based on the market
demand in the sales season, and the demand D is random. The distribution function
and probability density function of the random variable ¢ are defined as F( - ) and
f(-), respectively.To represent the loss rate of the demand distribution, we define the
loss rate function of the demand distribution as follows.If h’/(z) > 0, the loss rate
function is increasing. Most forms of distribution meet the above characteristics,
such as normal distribution, uniform distribution, Poisson distribution and Weibull
distribution.

The electric energy consumption of the product of the manufacturer is p =
fooo x - f (x)dz, and it is assumed that the total electric energy consumption e,, is
linearly related to the output, that is F (¢) = e, - ¢. In addition, the government
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should restrict the manufacturer’s electricity consumption, by setting the upper limit
FE,,. If the upper limit F,, cannot meet the current needs of the manufacturer, the
manufacturer has to purchase the required electrical energy F, with unit electrical
energy price p, from the supplier, i.e.,

E,. = (em q— Eﬂm)Jr (1)

Taking into account the actual situation of suppliers to supply the required power
to the downstream manufacturers, the operation cost of the unit electric energy c,
including a series of procedures, including the application and approval of electrical
energy. In this case, the supplier at first makes the price of electricity to the man-
ufacturer p. (pe > ¢s); and then the manufacturer determines the output quantity
q of the product, according to the electricity price and government’s upper limit of
electric power.

4. Mathematical model

Firstly we established the game models with two main bodies, and then we derive
the manufacturer’s optimal production quantity and the supplier’s optimal electric-
ity price according to each body’s pursuit of profit maximization. Specifically, the
supplier at first makes the electric energy price decision p., and then the manu-
facturer determines the product yield quantity ¢ based on the electricity price and
government’s upper electric power limit F,,.Under stochastic demand conditions,
the product expected to sell is S (¢). That is

D,D <q
q,D>q

S (g) = E [min (¢, D)] = { (@)

So the manufacturer’s profit function can be expressed as:

My (q) = p- Emin (g, D)] — ¢ - q — pe - By (3)

Take the equation (2) into the equation (3), the manufacturer’s profit function
eventually available:

_ p[q—qu(x)dm}—cmq, ngm/em
HM(q)_{p'[q_f(;]OF(z)d-Tf]_Cm'q_pe'(em'q_Em)a qum/em (4)

From the piecewise function (4) can be seen thatd?Il, () /0q* = —p- f (q) <Oare
both satisfied, there are only the optimal output t ¢* of the manufacturer’s profit
II5; reaches maximum value.
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Through the above equation, we can easily get the formula (5):

F-! (pi‘cm;em'“) , Em<en-F7! (Pi—%;ewpe)
q* — J;Jm’ e-F1 (p—cm;em'pe) <Ep,<em - -1 (p—cm) (5)

m p
—1 (p—=cm -1 (p—cm
F ( « ) Ep>em - F ( « )

For the electric power suppliers, it is necessary to meet the manufacturer’s pro-
duction of electrical energy, so its profit function can be expressed as:

s (pe) = (pe — ¢5) - Er = (pe — ¢5) - (em - ¢ — Em) (6)
4.1. Optimal Value of the Solution

From the manufacturer’s optimal output F (¢*) = W, it can be seen

that as a result of monotonically increasing function F (-), the optimal output and
. . . . Lq* _ 81]* .8F(q*) — _ _€m

power Prlce 1s.negat1vely C(.)rre¥ated, that is o, — D) Op. p.f(q*)<0. T.h.en

put optimal yield ¢* substitution to the supplier’s profit function, and the electricity

price p, of the first derivative is anasip(pﬁ) = lem - ¢" (pe) — Em]+(Pe — ¢s)-€m- %,
due to the second deriyative: .
el e, O () PHP). Among thom:
94" (pe) _ 9q"(pe)  OF(q") _ _ ey  92q°(pe) _ ey . [ 1 }/ _ _em  =0f(a")/Ope
Ope O0F(q*) Ape p-f(q*)’ 0p2 p fla*) P fe)
o em L OF(@) OF@) _ _ _ew . em . Of(@")/3¢ _ ___er £ (g%
p-f2(q*) OF(q*) Ope p-f2(¢*)  p OF(q*)/9q” p?-f2(q*)  f(q*)
(7)
. o OPTs(pe) - : .
put function (7) into=—;3"<, it can be obtained that:
821_[5’ (pe) - _ 2672n _L?n (p —c ) 1 .em'f, (q*) - _ e?n Jd2 4+ (pe—cs)'em'fl (q
Ip? p-flg) p» =% 7 fg) p-flaY) p-flq*) p-f*(q)
| ®)
H (Pe—cs)-em-f (¢7) _ (Pe—cs)-em ) 1 — (Pe—cs)-em . p _
Since = ey 2 P T=F@)] — P empeten > 1
Therefore, 8%)5’”<0 is obtained. There exists the optimal p. for the electricity
supplier to achieve the best profit [ ] (p.).Make EHT(;TE;:E) = (, it can be obtained that:
6 . * —_— E . . *
p::(mq m)pf(Q)+Cs (9)

2
€m

At this time, it can be get that Ef = e, - F 1 (%) —E,,.

The optimal profits can be get respectively:

M (") =p-S(q") —cm-q" — 0% (em-q" — En) (10)
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Hg (p:) = (p: —cs)(em - q" — Ep) (11)

4.2. The Relationship between FElectric Energy and Regula-
tion

By the optimal value (pf,q*) of the expression, it can be seen that the optimal
product quantity and the electric energy price are functions of the government’s
power limit F,, and the product’s unit energy consumption e,,.On the part of Upper
limit of government power E,,, the optimal value can be expressed as p} = p. (Ey,)
and ¢* = q(Ep,).

The first order derivative of the optimal output ¢ (E,,) pair to ¢ (E,,) is obtained:

9q (Em) _ 9q (En) . OF (q(Em)) _ _ Em ) Ope (Em) (12)

OEn, OF (q(Em)) OEy, p-fqa(Em)) OEn,
From formula (12), we can get the product output and power price is inversely
proportional, that is g;e((%;)) = -5 f(Z(mEm))' This conclusion will be used in the

back analysis of marginal profit. Next, The relationship between the power price
and the upper limit is required to be researched.

Ope(Em 0 ' 2] m
pB(Ei ) = eg : {|:em : %(EEm) - ].:| . f(q (Em)) + [em ° C] Em) - Em] : f(aqt(?i ))

m

9q(Em 0f(a(Em 9q(Em
=& {|em e —1) S @(Bn) + [em 0 (Bn) — Ep] - 2iPe) . 24i7m)

m

(13)
Take the equation (11) into the equation (13), available:
op. (Bu) __p 124 () "
OEm  em 2em [ (q(En)) + lem a(Em) = En] - 25070
Substituting the equation (12) into the equation (14), we can get:
9q (Em E.,
4(Bn) _ f (a(Bn)) i~

OB~ Yoy~ 1 (4 (E)) + lem - 1 (Bn) — Byl - S0E)

Substituting the equation (15) into the equation (13), we can get:

_ em'[Pe(Em)ch] . 8f(Q(Em))/‘9Q(Em) em'[pe(Em)ch] - 1
O(q(En)) =2+ - >2+ P [ T F(q(Em))

_ o9 _ em[pe(Bm)—cs] p
=2 P €m Pe (EM)+C771 >0
(16)
Take the equation (16) into the equation (15), available:
ape (Em) :_aQ(Em) pf(Q(Em)) :_p'f(Q(Em)) X 1 <0 (17)
6Em 8lam €m 672” S (q (Em))

It can be seen that in the obtained optimal values of variables (p. (Ep,) ,q (Em)),
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optimal production ¢ (E,,) is positively related to government power limit E,,,and

its correlation coefficient is v, g, = e—}n . m. In addition, from the formula

(16), it can also be seen that the output of the product v, g,, is less than the upper
limit of the government power %, and the absolute value of the price of the power

p-f(a(Em))
m ;

In the same way, the optimal value (p%,¢*) can be expressed as a function of
the electric energy of the unit product e,,, that is p} = p. (en,) and then the first
derivative is obtained:

|Yp..E,, | 1s less than that of the upper limit of the government power

9q(em)  9q(em) .aF (g (em)) _ _ 1 ) e e _ape (em)
dem  OF(q(em)  Oem p Falen) [Pelem) tem T
(18)
Because
Ope(em)

Zsten) — & {q(em) + em - 25| - £ (a(em)) + [om -4 (em) = B - 2o

9q(em o [ 9q(em
= & {[alen) +em - 252 ] - f (@(en)) + [em - a(em) — Bn] - 2Gtlenld . Saiend
(19)
take the equation (18) into the equation (19), available:

B f(qlem)) - qlem) - {1 + [a(em) - Zn] - ]}(f<(::>)>)} el

Ope (em) o em em

dem 2+ [q (em) — Ef’"} Ly
(20)
i'f(Q(em))'q(em) Pe(em) E,, f/(q(em))
As for 2+[q(em) fx] ff/((qq((:::))) > em and 1+ |:q (6m) T em :| 'm<2+ |:q (6’m) -

% therefore, M>O are obtained. This shows that the electricity price
pe and the unit product power e, can be positively correlated. Again by formula
a‘é(;:‘) <0(18) can be known:. That the output ¢ and the unit product energy e,, is

negatively correlated.

’
812) 'f((I(em))‘q(em)_ { 1+[q(€m)_ }j:m ] ff((qq((:::)))) } pelem)

oy m em em
In addition, as a result of

Em . £ (alem))
2+ [q(em) - €2 |- Friiems;

that is %>@, the power price with the unit product energy change rate
w By the same way, the product output with the unit

product energy change rate of absolute value v, ., is greater than %.

Two main body’s relationship between profits’ value and government power limit
E,, and unit electricity consumption e,,are analyzed. First of all, taking the two
main profit function I}, (¢*) II% (p}) as a function of the government power limit
FE,., they can be written separately:

Vpo,en 1S greater than

Ha (¢ (Em)) =p-S(q(Em)) — em - q(Em) — Pe (Em) - [em - q(En) — En]  (21)

> pee(im) ,

)

En

€m,
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Next, the first derivative E,, of the power supplier’s profit function is obtained:
s (pe (Em)) = [pe (Em) — ¢s] - [em - q (Em) — En] (22)
We can easily get that:

Mg (pe (Em)) _ p- f(q(Em)) 9q (Em)
oE,, = e lem - q(Em) — En] - |em - oE,,

—2|  (23)

As the front 0 < ( )<— om. (apg(E"‘)) <0 has been proved, so can be obtained.
This shows that the optlmal proﬁt of the manufacturer II,; (E.,) is positively cor-
related with the upper limit of the government power E,,, while the optimal profit
of the retailer Ilg (F,,) is negatively related to the upper limit of the government
power E,,.

In the same way, the profit function of the two subject II}, (¢*) ,IIf (p}) is re-
garded as a function of the power consumption of the unit product e,,, and the first
order derivative of the manufacturer’s profit function e,, is obtained:

Oy (4 (em)) _ _ OPe(m) 1 o co) = Bl — pe(em) -aem)  (24)

8€m aem
Because%>p€(:”) so it can be obtained that:
6HM(;17§]%77L)) g ap(;s:") : [em - q (em) - Em] — Pe (em) q (em) <- pee(enm) [em - q (em) - Em] -

= pe (em) {E—Z —2q (em)] <0
(25)
In the same way, the first derivative of the power supply e,, can be obtained from
the power supplier’s profit function IIg (p. (em,)), so we can get function (26).

12 el€m m el€m )—Cs|'Em Ope(em
sgeten)) — o, . { [g(e) — B ] — lelemlocen | dpsfen) o)

+ [pe (e m)_CS]'Q(em)_%'pe(em)

€m €m

(em 'Q(em)*E;n)'p'f(Q(em))

As a result of p. () — cs = , so after simplification we

can get %ﬁem)) _ [q (em) — Eim} {M ~pee m)}(27)

€m €m

Because p - q (€m) - f(q(em)) >em - Pe (€m), S %ﬁf’m))> 0.

5. Numerical Analysis

The verification process assumes that random variables € are uniformly dis-
tributed in the interval [0 100]. So its distribution and probability density functions

are F (g) = 155.f (€) = 145 respectively, and then h’ () = 1) [ﬁ };8}{# ©) >0, it is

conditions for satisfying Generalized Incremental Failure Rate Function. In addition,
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the retail price of the product is p = 80; the product unit power consumption is g,, =
1; the production cost of the product and the operating cost of the energy supplier
is ¢, = 20, ¢ = 10. Therefore, under centralized decision-making, the optimal out-
put quantity of the supply chain supply is ¢} = F~! (W) = 190. Thereby

P
(0,285), while the actual power limit isG,, = 120<G;}, = 285, The optimum yield
and electricity price are obtained by the above-mentioned solution that (¢*,p}) =
(135,23.685).

Table 1 lists the upper limit when the power is selected by G,, € (0,200), and
when the step size is gradually increased by 10(As the length of the table is longer, so
only part of the data is intercepted, it is still able to explain the relationship between
the variables), Optimal yield ¢*, Optimal price Py, The best profit and manufactur-
ers bargaining power and other values are abtained. The above conclusions are
consistent with the analysis of Part 4 of the article.

the electricity limit set by the government isG,, € (O,gm CF-1 (MD =

Table 1. Optimal production, electricity price and profit statistics of each subject

Serial Power Optimal Optimal Manufacturey Power sup- | Supply Manufacturerq

num-| cap yield price Best profit plier chain bargain

ber Best profit Total profit | Bargaining
power

1 0 85.579 34.388 3091.982 3918.921 7010.903 0.441025

2 10 88.127 33.855 3590.192 3865.902 7456.094 0.481511

3 20 91.167 32.453 3989.920 3567.622 7557.542 0.527939

4 30 94.767 31.389 4490.921 3123.833 7614.754 0.589766

5 40 97.123 30.892 4800.820 2799.811 7600.631 0.631634

6 50 100.643 29.569 5290.102 2438.920 7729.022 0.684446

7 60 104.112 28.124 5689.832 2101.921 7791.753 0.730238

8 70 106.453 27.323 5904.321 1834.283 7738.604 0.76297

9 80 108.357 26.653 6242.678 1532.263 7774.941 0.802923

10 90 111.212 25.324 6548.578 1218.281 7766.859 0.843144

In addition, G,,/gm can be seen as the government’s distribution to the manu-
facturer, At this point the analysis process g,, and the analysis of the process G, is
just the opposite. Because the analysis of the principles and processes are the same,
the analysis of g,,is not required to be repeated.

6. Concluding Remarks

The optimal decision-making problem of the supply chain system composed of
a power supplier and its downstream product manufacturer from the points of gov-
ernment’s electricity regulation and the market electricity transaction was studied
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in this paper. It is concluded that the profit of the two main bodies can be in-
creased by the government’s electricity regulation. With the helps of the upper limit
of electricity reasonably set by the government and the power consumption of the
product eectively controlled by the manufacturer, the main two bodies can reach to
the optimum status. The results can provide a reference for the large manufacturing
enterprises that are regulated by the government to make informed decisions in the
conduct of electricity transactions and to set reasonable budgets for the government.
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