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APPROACH

ABSTRACT

Biofuel is considered to be an important alternative
energy in the future transportation. Its development is sup-
ported by the rest of the world. However, biofuel industry
development is still very slow. From the previous research it
is known that the supply chain coordination and other prob-
lems need to be solved to promote the supply chain ability.
This paper studies biodiesel supply chain coordination prob-
lem from the view of disturbance management. It gives a
disturbed coordination strategy which contains the optimal
order quantity and the contract parameters. This paper has
then verified the disturbed coordination strategy through us-
ing the actual data of Jiangsu Yueda Kate New Energy Co.
Ltd. The result shows that when the market demand and
the recovery cost are simultaneously disturbed, the coordi-
nation can make the biodiesel supply chain robust and the
new strategy under the revenue sharing contract is better
than the original one.
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1. BACKGROUND

Growing oil consumption has not only led to the
potential energy security risks, but also to serious
environmental pollution problems. The International
Energy Agency and other departments vigorously en-
couraged the use of biofuel as an alternative energy
to slow down the use of oil. They pointed out that the
proportion of biofuel consumption in the transport
sector is expected to increase from the current 2% to
27% in 2050, and bring about 20% reduction in car-
bon emissions in the transport sector per year [1]. Cur-
rently, biofuel is divided into bioethanol and biodiesel.
Since biodiesel is used more in buses and trucks than
bioethanol and its supply chain being relatively ma-
ture, this paper has chosen biodiesel as the research

object. Biomass cost which accounts for 75%-80% of
the raw material cost is a major problem in the whole
supply chain [2], while waste cooking oil which has a
lower cost has been widely considered by the society.
In the biodiesel industry the developing policy, it has
been pointed out that a sustainable supply system
needs to be urgently established. The system can use
waste oil as the basic raw material and supplemented
by non-edible herbaceous oil [3]. It also suggests regu-
lating the production and application of biodiesel and
building waste oil resource utilization channels. The
biodiesel supply chain is mainly comprised of three
main components: waste edible oil recycling station,
biodiesel refinery factory, and biodiesel distributor.
The biodiesel supply chain operation process is shown
in the following: the recycling station collects waste ed-
ible oil and sells it to the refinery factory; the refinery
factory uses it as raw material for biodiesel production
and purification; then they sell the biodiesel product
to all levels of distributors in the form of wholesale.
Finally, the distributor sells the biodiesel to consumers
in the retail sales.

As we all know, biofuel as an alternative energy, the
terminal use can indeed reduce carbon emissions, but
if the environment is disturbed, the recycling station,
refinery factory and distributor may be coordinated in
improper activities and the emission reduction effect
would be counterproductive. Therefore, how to coor-
dinate this special product supply chain to deal with
the disturbance is an urgent issue. This paper uses
the revenue sharing contract to realize the coordina-
tion of the three-echelon supply chain which is com-
posed of a recycling station, biodiesel refinery factory
and biodiesel distributor, and give the optimal order
quantity and contract parameter condition of supply
chain. Then, considering the market demand and pro-
duction cost disturbance situation, the paper gives the
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biodiesel three-echelon supply chain coping strate-
gies. Finally, the case of a biodiesel company in China
is used to discuss the impact of the original strategy
and the new strategy on the supply chain profit and
production plan.

2. LITERATURE REVIEW

In the past, most part of literature has dealt with
the coordination of two-echelon supply chain system
[4], which is composed of suppliers - manufacturers
[5, 6], manufacturers - distributors [7, 8] and distrib-
utors - retailers [9]. In practice, the supply chain is
usually composed of more than two entities, and the
multi-echelon supply chain is more common. However,
the results of the study for three-echelon supply chain
coordination are still rare. Munson and Rosenblatt
[10] analysed the coordination effect of the quantity
discount contract on the three-echelon supply chain.
On the basis of their research, Hu and Wang [11]
considered the randomness of the demand and dis-
cussed the impact of emergency on the three-echelon
supply chain. From the aspect of game theory, Modak
et al. [12] explored the channel coordination and profit
division issues of a manufacturer - distributer - duop-
olistic retailers supply chain for a product where the
manufacturer supplies a lot size of the product that
contains a random portion of imperfect quality item.
Panda et al. [13] studied the disposal cost sharing
and bargaining for coordination and profit division in
a three-echelon supply chain. Govindan and Popiuc
[14] took the computer industry as an example and
designed a revenue sharing contract to achieve risk
sharing to coordinate the three-level supply chain
system. At present, the more commonly used supply
chain contracts are Wholesale Price Contract, Return
Policy, Quantity Flexibility Contract, Revenue Sharing
Contract, Profit Sharing Contract, Rebate and Penalty
Contract.This paper has chosen the approach of Profit
Sharing Contract for the following reason: From the di-
rect distribution of the supply chain profit mechanism,
supply chain members can more clearly see the effect
of profit growth and the benefit distribution process is
more intuitive and reliable. It is relatively easy to make
the parties reach a consensus and actively support
the development and implementation of the contracts.
This paper studies the coordination of the three-ech-
elon supply chain system, which is composed of the
special recycling station - refinery factory - distribu-
tor. Nonetheless, this paper is different from the pre-
vious studies.

Firstly, the previous research on the disturbance of
biofuel supply chain was mainly from the aspect of op-
timization modelling and the result is only to solve the
problem of the location, transportation and storage
of its refinery factory [15, 16, 17] in order to enhance
the robustness of the supply chain. Although there are

many papers that have studied supply chain coordina-
tion strategies from the perspective of economy and
perturbations, the research on the supply chain coor-
dination strategies for biodiesel as a particular product
is rare. In this paper, the biodiesel supply chain coor-
dination strategy will take into account the economics,
environment and production deterioration factors. Un-
like the previous uncertainty in biodiesel research [18,
19, 20], this paper has selected two factors, market
demand and recycling cost which have great influence
on the supply chain, and studies the coordination of
the biodiesel supply chain in case of their simultane-
ous disturbance.

Secondly, the achievement of supply chain coordi-
nation is often manifested in the benefit improvement
in the entire supply chain which is often considered
only from the economic factors [21, 22, 23]. But actu-
ally, biodiesel supply chain, which is different from oth-
er products, needs to consider its situation of carbon
emissions and waste oil recycling [24, 25, 26]. In this
paper, the impact on supply chain profit of common
costs, cost of carbon emissions and surplus product
residuals has been considered.

Thirdly, the previous study analysed the three-ech-
elon supply chain coordination, either from the impact
of disturbance [27, 28], or only from supply chain rev-
enue sharing contract [29, 30]. This paper considers
both of them and analyses the revenue sharing con-
tract of supply chain under the disturbance, and de-
signs the contract mechanism between the recycling
station, the refinery factory and the distributor. It also
discusses the setting of contract parameters to im-
prove the performance of the biodiesel three-echelon
supply chain.

3. PROBLEM DESCRIPTION

As shown in Figure 1, the recycling station does not
deal directly with the distributor, but the profit of the re-
cycling station is influenced by the pricing decision of
the distributor. The recycling station can indirectly af-
fect the distributor through the refinery factory. In the
deterministic model, this paper uses the revenue shar-
ing contract to realize the coordination of the biodies-
el supply chain. At the same time, it is assumed that
the recycling station, refinery factory and distributor
are risk-neutral and completely rational, that is, they
make decisions based on the principle of maximizing
their own expected profit. Moreover, it is assumed that
the information is complete, that is, they know their
own and each other’s cost structure, revenue function,
etc., and can accurately predict the market demand.
Prior to the start of the sale, the distributor made the
optimal order quantity according to the revenue shar-
ing contract, then the refinery factory and the recycling
station arranged the production plan. However, the
occurrence of uncertain events led to changes in the
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Figure 1 - Biodiesel three-echelon supply chain structure

market demand faced by the distributor and changes
in the recycling cost of the recycling station. The two
changes occurred at the same time. At this point, the
initial plan may be broken; what is then the impact of
the disturbance on the members of the biodiesel sup-
ply chain? How to harmonize these members under
the disturbance of the biodiesel supply chain? These
became the key problems to be solved by this paper.

4. BIODIESEL SUPPLY CHAIN MODEL
UNDER THE DETERMINISTIC SITUATION

4.1 Symbol setting

Biodiesel supply chain is a three-echelon supply
chain, which is composed of a recycling station, a refin-
ery factory and a distributor. The distributor faces the
stochastic demand. The three-node enterprises utilize
the revenue sharing contract to achieve coordination.

q - order quantity of the distributor;

D - the retail price of biodiesel. It is a
fixed price which is formed by the
market competition;

e, - carbon emission change cost of the
distributor; which is caused by
out-of-stock;

e - carbon emission change cost of
the refinery factory, which is caused
by out-of-stock;

e, - carbon emission change cost of the
recycling station, which is caused
by out-of-stock;

e=e, e te, - total carbon emissions cost per unit
product for the entire supply chain;

c, - marginal cost of the distributor;

¢ - marginal production cost of the
refinery factory;

c - marginal recovery cost of the

recycling station;
c=cd+¢/+cr <p - total cost per unit product for the
entire supply chain;
- the price which refinery factory
provides to the distributor;

Py

D, - the price which recycling station
provides to the refinery factory;

i - the deterioration cost per unit
product, w<c;

0,0, - interest distribution coefficient
of the two supply chain nodes;

D - the stochastic demand faced by the

distributor.

4.2 Model building

Suppose the density function of D is f(x), the distri-
bution function is F(x). Meet the conditions: F is differ-
entiable and strictly increasing; F(0)=0, F(x)=1-F(x),
HU=E(D) is the expected demand.

On the basis of the above assumptions, the expect-
ed sales volume can be obtained:

S(¢q)=E[min(g,D)]=q(1-F(q))+

q q (1)
+/xj(x)dx=q-/F(x)dx
0 0

Expected remaining quantity:
1(q) = E[max(q-D,0)]q-S(q) (2)
Expected shortage quantity:
L(q)=E[max(D-g,0)]=p-S(q) 3)
Expected profit of supply chain
m(q)=(p+w+e)S(q)-(c+w)g-ep (4)

4.3 Biodiesel supply chain coordination under
the deterministic situation

The coordination adopts the revenue sharing con-
tract theory. The deterioration cost of surplus products
and carbon emission changing cost are also consid-
ered, which is led by short supply of the distributor.
The biodiesel supply chain operates as follows: first of
all, the nodes in the supply chain predict demand D
faced by the distributor and get the distribution func-
tion F; then the distributor orders ¢ products from the
refinery factory at the price of Py after obtaining the
order of the distributor, the refinery factory begins to
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order ¢ products at the wholesale price p ; finally, the
recycling station arranges the production plan accord-
ing to the order of the refinery factory. The distributor
retains 91 proportion of their income, and gives the
1 - 6, proportion of the total income to the refinery
factory. The refinery factory retains 6, proportion of its
income and gives the 1 - 92 proportion of the total in-
come to the recycling station, 6, 6, €[0,1].

From the above process, it can be calculated that
the profit function of the distributor is
ma(q)=01[pS(q)-wlq-S(q))-ea(s-5(q))]-

-(catpyr)g.
The profit function of the refinery factory is:
mr(q)=02{(1-01)[(pS(q)-wlq-S(q))-
-ea(p-S(g))+prg-er(1-S(g))i- (9
-(er+pr)gq

The profit function of the recycling station is:

7-(q)=(1-02){(1-01)[ pS(q)-wlq-S(q))-
-ea(p-S(g)tprg-es(p-S(q))} (6)
=prq-crq-e(p-5(q))

As calculated in the former, the profit function of the
entire supply chain is:

m(q)=(p+tw+e)S(q)-(ctw)g-en (7)
When Py p, meet the following conditions:

(er+er)
/q (

p,:(920/-(92@-(2/4'(92%(#'5(9))

pr=01ic-cat+ 01 ©-S(q))

(8)

Then, there will be 77 (¢)=0,71(¢), 7lq)= 0,(1-0)7(q),
7,(g)= (1-6,) (1-0))7(q). |

That is to say, under the revenue sharing contract,
the profit function of the distributor, the refinery fac-
tory and the recycling station is the affine function of
the entire supply chain system. Therefore, the optimal
order quantity ¢ of the system is unique. For the profit
function of the supply chain system, 7(q) is concave
function (7(q)'= - (p+w+e)fig)<0) due to F which is
strictly increased. Here,

f@)i% 9

5. BIODIESEL SUPPLY CHAIN MODEL
BUILDING UNDER DISTURBANCE
SITUATION

5.1 Model building
For the deterministic supply chain, the recycling

station and the refinery factory obtained the opti-
mal order quantity by forecasting the demand of the

distributor, and arranged the production plan. At this
point, due to some events like the government poli-
cy and other unexpected events, the random demand
of the distributor is changed from D to G. The recy-
cling costs from the recycling station change from ¢, to
¢, +Ac.. Obviously, ¢ +Ac >0. According to the practical
significance, the distributor’'s new probability density
function of G is g(x), the distributor’'s new probability
density function is G(x). G also meets this condition
that it is differentiable and strictly increasing. G(0)=0,
Gx)=1-G(x), 1;~E(G) is expected demand.

At this time, the expected sales volume of the dis-
tributor is:

So(q)=q- [ G(y)dy

(10)
Expected remaining quantity is:
I6(q)=q-Sc(q) (11)
Expected quantity of short supply is:

(12)

Lo(q)=pc-Se(q)

At this point, the profit function of the supply chain un-
der disturbance situation becomes:

[T(q)=(p+w+e)Se(q)-(c+Ac,+w)q-
-ep-$1(q-q) -$2(q-q),
b1,2>0

In this formula, ¢, (¢ - ¢)" and ¢, (¢ - ¢)* are ad-
ditional costs incurred as a result of breaking the orig-
inal plan. In case of a new order quantity g>¢, there
is a need to reuse the new recycled raw material like
waste cooking oil. There is ¢, which is an increase unit
cost as a result of this; in case of the new order quanti-
ty g<g, extra unit product needs to be done with some
extra work like oil-water separation, storage and other
processes. The (/)2 is an additional cost for this work. In
the real case study, 0<¢,<c+Ac,.

Unexpected events may cause the size of the
market to increase or decrease, that is, for any ¢=0,
G(q)>F(q) or G(q)<F(q). Next, we will first consider the
effect on supply chain optimal order quantity caused
by simultaneous disturbance of market size and the
recovery cost. Suppose the optimal order quantity is

q*,q* = argmaxqzon(q).

(13)

Theorem 1: If the recovery cost satisfies -c<Ac <¢,
and the market size increases, which is G(¢)>F(q)
for ¢>0, then ¢*> g, here, after the expansion of the
demand expansion, the cost of change is negative,
because of the economies of scale, the cost of recy-
cling is smaller; if the recovery cost satisfies Acrz -,
and the market size decreases, which is G(q)<F(q) for
¢>0, then ¢"<g.

198
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Proofing process: Assume ¢'< g when the market de-
mand increases in the event of uncertainty and the
recovery cost changes in the range of (-¢,$,], then the
sufficient and necessary conditions for that ¢” is the
solution of Equation 13 is ¢  argmax,=0][(q).

[T(g)=(p+w+e)So(g)-(c+Aer+w) q-

; _ (14)
-e pto-p2(q-q)

Thus we can get the second derivative of [](g)
[T (g)=-(p+w+e)glg)<0

So, [[(q)is a strictly concave function. The sufficient
and necessary conditions are that ¢* is the optimal
solution pf H(q) and that q* meets the following con-
ditions H (¢g)= (p+w+e)*(1- G(q))-(c+Ac,+w)
+¢> = 0, which is equal to

— « CctAc,tw-¢o
g =" wre (15)
For any ¢=0, if the market demand increases due
to unexpected events, there exist G(¢)>F(q). Then,
because G(q) is a strictly decreasing function and
g"<q is supposed, there exist G(¢")>F(q). Thus

— «_ ctActw-¢o ctw = —
Glq')= ptwte p+w+eiF(q) is ob-

tained. At the same time, because -c<Ac <¢, and
¢,>0, we know this is a contradictory conclusion.
Therefore, when the recovery cost changes in (-c,¢2],
with the demand of the market becoming larger, the
optimal output of the biodiesel supply chain should be
greater than the original optimal order quantity. Anoth-
er conclusion can be proven as similar to this.

Next, the changes will be given in optimal order
quantity under the condition of simultaneous distur-
bance in the market size and the recovery cost.

g1 when gi>¢q

¢ =14q when qi<gq<g: B (16)
g2 when gi<gq and ¢2<¢
where:
. . — =y ctActw-
¢1is the solution of G(q1)2p+7+e¢2 (17)
g> 1S the solution of@(q;):m (18)

7 ptwte
Proofing process: if ¢ = ¢ , the profit function of the
supply chain becomes:

— * C+ACV+W+¢1
Gl =" Fyre (20)
Therefore, according to the first order de-

rivative and the monotone property, if g;>gq,
then ¢; is the maximum value of [],(q). Here
qi=argmax,=5]],(q). If 0<gi<g, then[],(q)is
strictly decreasing within [g,+0). So, ¢ is the maximum
value of [[,(q), ¢ =argmax,=5[],(q). If 0<¢<g,
the profit function of the supply chain becomes:
[LL(e)=(p+w+e)Se(g)-(c+Acr+w) g-e p6-¢2(q-q)
lts second derivative [T, (q)=-(p+wte)’g(q)<O then
[1,(q) isastrictly concave function of g. Its first deriv-
ative H2(q) =-(p+twte) Glg)-(c+Acr+w)+ o,
it can be known, H;(Q) is also strictly decreasing.
From the above, it shows that the function first
increases and then decreases. Suppose ¢, satisfies
H;(qz) =0, then
ct+Ac,+w-¢o

ptwte @D

Glg2)=

Accordingtothefirst order derivative and the monotonic
nature, if 0 < g5< g, ¢5 is the maximumvalue of [ [,(q);
here g¢2=argmaxo<q<g]],(q). If ¢3<q, [[,(q)is
strictly increasing within [0,q ], so, ¢ is the maximum
value of [[,(q), that is, ¢ =argmaxo<q<5]],(q).
When ¢;>g, , the maximum point of [[(g)in [g,+)
is ¢4, while in [0,¢] the maximum point is ¢ not ¢,. Be-
cause if it is g5, g>€[0,q], then there exists g>< ¢ <gq,
which contradicts with g5 >¢; . So, the maximum value
of [ [(g) must be one of [ [(g1)and [[ (¢ ). Obviously,
[1(g1)=T1(gq). So, when ¢;>¢,][(g)can get the
maximum value when ¢“= g, . Other proofs are similar.
In summary, if g1 >¢q , then ¢"=q;; if ;< g< ¢, then
q9"=q,q.<q ifand ¢g;<q, then ¢"=¢,.

5.2 Biodiesel supply chain coordination under
disturbance

When the occurrence of unexpected events leads
to changes in the supply chain, then the key problem
is how to adjust the parameters of the revenue sharing
contract to coordinate the supply chain. Here we give
the coordination mechanism of the supply chain under
the simultaneous disturbance of the demand and the
recovery cost. Suppose the adjusted contract param-
etersare(p ,,01),(p,.02) we can get the profit func-
tion for the distributor which is:

ma(q)=01[pSc(q)-w(q-Sc(q))-

- . . i 22

[Lia)=(prwre)Solg)-(erbertwlg- ea(pta-Se(@)]-(ca+p ) =2
-e to-pi(q-q) The profit function of the refinery factory is:

Because [ [, (¢)=-(p+w+e)'glq)<0, [[,(q)isa 7rlq)= 52{(1-31)[(1730@)- w(g-S6(q))-

strictly concave function. -ea(16-Sc(q))+prq-er(r6-Sa(q))}-  (23)

. -(es+p)g=02(1-01)[[(q)

Suppose g1 follows the conditions of [ [, (¢)first order (er+pr)a [

optimal or Hll(qi) =0, we can get The profit function of the recycling station is:
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7r(q)=(1-02){(1-01)[(pSc(q)-wl(g-Sc(q))-
-ea(pt6-Sc(g))+prq-er(pa-Sa(q))}-
-(er+Acr)g+p,q-e(pc-Se(q)) =
=(1-02)(1-0)[(q)
The profitfunction ofthe supplychain underdisturbance
situationis [ [(¢)=(p+w+e)Sc(q)-(c+Ac,+w)q -

epto-$1(q-q) -p2(q-q) ,h1,42>0.

(24)

When p, p, meet the following conditions:

py=01c+01Ac,-ca+ 01 ef;re"(#c—Sc(q))Jr
+01 $1(q-q) +P2(q-9q)"

q

E,z?2c;~+§2cr+92Acr—c1'+§2%(ﬂG-SG(q))+
T ¢1(q-5)+;r¢2(5-q)+

then, there will be 7a(q)=01]](q), 7s(q)=

=02(1-00)[[(q), m+(g)=(1-02)(1-01)7(q).

6. CASE STUDY

Based on the background of the biodiesel sup-
ply chain of Jiangsu Yueda Kate New Energy Co. Ltd,
this paper simplifies and extracts the biodiesel supply
chain. Its supply chain consists of three parties, the
recycling station, the refinery factory and the distrib-
utor. According to the preliminary market research,
it is known that the market demand for the compa-
ny's products are subject to the uniform distributor
of [20,000 t, 25,000 t] [31]. The retail price of the
biodiesel is P=7,000 RMB/t [32]. The recycling cost
of the recycling station is ¢,=4,000 RMB/t. The man-
ufacturing cost of the refinery factory is cf=1,300
RMB/t. The ordering cost of the distributor is ¢,=500
RMB/t. The deterioration rate of the unit product is
2%, then we calculate the deterioration cost which
is 1,400 RMB/t [33]. If the product gets out of stock
or remaining, it will bring an increase in carbon emis-
sions to the recycling station, the refinery factory and
the distributor. This paper uses the current carbon
emissions trading value to transform the increasing
quantity of carbon emissions into emission cost even-
tually. Based on the recent trading average value, 30
RMB/t is set in this paper. Carbon emissions of the
recycling station and the distributor are mainly con-
centrated in terms of transport. According to [34], the
Pre-treatment carbon emissions from food waste are
12.6 kg CO,eqv./t,The production of carbon emis-
sions is 39.61 CO,eqv./MJ which is 1.465 t CO,eqv./t;
then, we can calculate e, =1.2 RMB/kg, ¢ =2.26 RMB/
kg. On-the-spot investigation provides the information

that the company's production carbon emissions quo-
ta is 1.538 CO,eqv./t [35], Finally, we can calculate
ef=46.14 RMB/kg.

The occurrence of an uncertainty is considered,
which leads to a simultaneous disturbance in the prod-
uct's market demand and recycling cost. The distribu-
tor'sdemandisassumed to be Y=X+A1~(20,000+A L,
25,000+Au) after the disturbance. The market de-
mand changes in Aue[-2,000,2,000]. The recovery
cost changes in Acre(—200,200) and other factors do
not change. If the disturbance results in an increase
in the yield of the product which exceeds the original
production plan g, there is need to pay for the addition-
al recycling cost ¢,=1,000 RMB/1. If the disturbance
leads to a decrease in the yield of the product, there is
need to pay for the processing cost of surplus products
¢2=500 RMB/t. When the disturbance occurs, the
supply chain has two coping strategies: first, it can
choose to turn a blind eye to disturbance, do not take
any measures, continue to perform the original signed
revenue sharing contract. This is the original strategy.
Another is applying the disruption management theo-
ry, taking the new operational strategy to achieve the
supply chain coordination. This paper only discusses
the situation of the supply chain dealing with the dis-
turbance. According to the above data, MATLAB pro-
gramming software 2012b was used to analyse and
compare the order quantity and profits in the two strat-
egies.

6.1 Original strategy scenarios

It is not difficult to see from Figure 2, when the un-
certainty events lead to simultaneous disturbance in
the market demand and the recovery cost, the sup-
ply chain's profit change is determined by the degree
of the disturbance in the case of the original strategy.
The changing relationship: when the market demand
changes are fixed, the total profit of the supply chain
increases with the reduction of recovery cost; when
the change of recovery cost is fixed, the total profit of
the supply chain shows a trend of increase with the in-
creasing market demand. Moreover, when Au=2,000
Acr=-200, or the magnitude of the recovery cost re-
duction and the market demand increase are the
largest, the total profit of the supply chain is the larg-
est. When Au=-2,000 Ac,=200, or the magnitude of
the recovery cost increases and the market demand
reduction is the largest, the total profit of the supply
chain is the lowest.

Figure 2 also shows, under the disturbance of the
market demand Awue€[-2,000,0] and the recovery
cost Ac,€(0,200), the use of the original strategy can
make the total supply chain profits decrease. On the
contrary, under the disturbance of the market demand

200
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Table 1 - Each critical point profit in original strategy scenarios

-200 0 200
-2000 435,249,118 430,589,918 425,930,718
0 529,377,527 524,718,327 520,059,127
2000 623,505,937 618,846,737 614,187,537

x 108

0

Supply chain profit in original strategy

Figure 2 - Supply chain profit in the original strategy

Aue[-2,000] and the recovery cost Ac,€(0,200), the
use of the original strategy can make the total supply
chain profits increase.

After calculation, in the case of no disturbance, the
optimal order quantity is 23,296, and the profit of the
supply chain is 524,718,327. When the disturbance
occurs, the profit at each critical point is shown in
Table 1.

At the same time, as shown in Figure 2, it can be
seen that the original strategy of the biodiesel supply
chain is more noticeable by the relative cost distur-
bance.

6.2 New strategy scenarios

6.2.1 The impact of the new strategy on optimal
order quantity

Figure 3 shows that the supply chain does not need
to adjust the order quantity when the demand and cost
disturbances are relatively small (Aue[-1,000,1,000],
and Acre(—50,50)); all nodes can use the original opti-
mal order quantity, and this does not need to change
the production plan in the situation. When the demand
and cost disturbances are relatively large, if the distur-
bance of the market demand is constant, the produc-
tion of the supply chain increases with the decrease of
production cost (when Ac 250 or Ac <-50). If the cost

of production is constant, the order quantity of the
supply chain increases with the increase of the market
demand Ax>1,000 or Au<-1,000

Supply chain optimal order quantity
for the new strategy

Figure 3 - Supply chain optimal order quantity for the new
strategy

In the case of increased market demand and re-
duced production costs, when the demand distur-
bance is certain and the increase magnitude is larger,
with the continuous reduction of production costs, the
production planning adjustment also increases, and
also the production increases; when the cost distur-
bance is certain and the reduction magnitude is larg-
er, with the size of the market demand continuing to
increase, the adjustment of the production plan also
grows, increasing the production. Therefore, the new
strategy under the supply chain needs to continue to
increase the production.

In the case of reduced market demand and in-
creased production costs, when the demand distur-
bance is certain and the reduction magnitude large,
the adjustment of the production plan increases with
the increasing production cost and the production de-
creases. When the cost perturbation is constant and
the magnitude of the increase is large, the adjustment
of the production plan increases with the decreasing
demand of the market, and the production capacity
decreases.
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Supply chain profit in the new strategy

Supply chain profit in the new strategy

Figure 4 - Supply chain profit in the new strategy

6.2.2 The impact of the new strategy on the supply
chain profit

The analysis results in Figure 4 are shown as fol-
lows:

1) The profit change of the supply chain is determined
by disturbances of the market demand and the re-
covery cost;

2) When the market demand is constant, the profit-
ability of the supply chain is inversely proportional
to the change in recycling costs, which increases
as the recycling costs decrease. This is because
the cost is reduced, on the one hand the order of
the entire supply chain features generally an in-
creasing trend; on the other hand, the entire supply
chain profit per unit also increased, so the entire
supply chain benefits increase.

6.3 Comparative analysis of the two strategies

According to Figure 5, it shows that the profit differ-
ence between the new strategy and original strategy is
non-negative. It shows that the biodiesel supply chain
can improve the total profit of the supply chain until a

Profit dispersion in two strategies

Figure 5 - Profit dispersion in the two strategies

new strategy. The new strategy is better than the orig-
inal strategy when the three parties are adjusted by
contract under disturbance.

When Au=-2,000, Ac=-200 and Au=-2,000,
Ac =200, the profit difference is the largest, which
shows that the greater the disturbance, the more ob-
vious advantages of the new strategy, and the profit is
also higher after the new strategy adjustment. When
Au=2,000, Ac,=-200 and Au=2,000, Ac,=200, the
profit difference is still positive after single factor dis-
turbance and is second only to the highest value. The
advantage of the new strategy is still obvious. After
new coordination, the profit is higher than the origi-
nal strategy. When Au=0, Acr=0 or there is no distur-
bance, the profit difference is positive, but the value is
the smallest.

This shows that there is no obvious advantage of
the new strategy in the absence of disturbance, and
there is not much difference between the new strategy
and the original strategy.

7. CONCLUSION

Due to the influence of raw materials on particular-
ity and the external policy environment, the biodiesel
market uncertainty is particularly evident. Market envi-
ronment supply chain is becoming more complex and
changeable. Therefore, all parties in the biodiesel sup-
ply chain need to take reasonable countermeasures to
deal with uncertain situation.

This paper considers the coordination of biodiesel
three-echelon supply chain based on a revenue shar-
ing contract. Firstly, the optimal order quantity and the
parameters of the contract under a certain situation
are given in this paper. Then, when both the market de-
mand and recovery cost change, it is analysed how to
cope with disturbance, and give the changing contract
parameters after disturbance. Finally, the real cases
and data from Jiangsu Carter new energy Co., Ltd are
taken, and MATLAB is used to carry out the analysis of
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the two strategies. According to the case results, when
the market demand and recovery cost are disturbed,
the coordination of the biodiesel three-echelon supply
chain is robust, and the new strategy is better than the
original one. Although the new strategy proposed in
this paper has some help to improve the supply chain
profit and deal with the disturbance, there are still
some limitations and need for future research:

1) This paper considers a simple single-chain sup-
ply chain structure, but in real life, a one-to-many
or many-to-many network supply chains are more
common, which can study the multi-stage complex
network supply chain.

2) The study of this paper is based on the assumption
that the supply chain members are risk-neutral and
information symmetry of the premise of the infor-
mation asymmetry or incomplete situation can be
used as a further study in this direction.

3) This paper discusses the market demand and re-
covery costs at the same time perturbed. What can
be discussed next are the storage costs, service
costs, lead time and other disturbances.
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