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Abstract Y’
Carbon emission trade is one of the most common c e&mssm Q&IOI‘I policies,
manufactures must take measures to cope with this new ua ion. T&;}Jer dedicated to
design a decision support system (DSS) based on 0 posed del” We examined the
manufacture’s joint emission reduction effort anl gd th carbon emission
trade. We formulate this problem as a stackelberg™game, t ufacture is leader, the
retailer is follower, the optimal emission re@effom pricing decisions are derived.
The impact of carbon emission trade on ecisions profits is also investigated. A
numerical example is also provid deI and findings. We found that
manufactures will invest to reduce & se their wholesale price compared
with the situation without carbo n trade CISIOn support system (DSS) integrating
the proposed model and the artalysis |s. oped as an efficient decision tool to help
manufactures and retailers tesoptimize ision. The visualized outputs of DSS allow the
decision makers to gai r und ing the impact of carbon emission trade on
decisions, faC|I|tat|n | ecmor§ process in carbon economics era.

Keywords: em|SS| e; Stackelberg game; pricing decision; emission
reduction effo |5|on;€ @rt system
1. Introduction

Nowadays mam@res face different carbon emission regulation policies such as strict
carbon caps bon’tax, carbon emission trade, and carbon offsets. Carbon emission trade is
one of the %b’ommon policies. Under this new competitive environment, manufactures
i e these carbon emission regulation policies into their strategic and operational
r example facility location, technology selection, inventory, sourcing, pricing and

In this paper we will focus on a supply chain consisting of a manufacture and a retailer, the
manufacture will decide what extent of emission reduction effort he should make and the
wholesale price. To the best our knowledge, there is no paper address this problem. Based on
our model and analysis, we design a decision support system (DSS) for manufactures and
retailers, which can help manufactures and retailers to optimize their decisions. To the best our
knowledge, there is also no this kind type of DSS at present.

Our work is related to the carbon emission trade. Carbon emission trade means that a firm
is allocated a carbon emission quota, if his carbon emission is higher than this quota, then he
should buy carbon trust from a carbon trade market, otherwise, he can sell his surplus quota to
a carbon trade market. There are some researches on this topic. Some papers dealt with

ISSN: 1975-0080 IJMUE
Copyright (© 2014 SERSC


mailto:huhongyan123@sohu.com
mailto:zwl427@163.com

International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.9 (2014)

strategic decisions in a supply chain with carbon emission trade. Chaabane et al. (2012)
introduced a mixed-integer linear programming based framework for sustainable supply chain
design under the emission trading scheme. Diabat et al. (2013) examined a multiechelon
multicommodity closed-loop facility location problem with carbon emissions trade, model
and algorithm were provided. Cachon (2014) discusses the impact of the new objective of
reducing carbon footprints on supply chain operations and structures. Other papers examined
operational decisions. Hua et al. (2011) examined how firms manage carbon footprints in
inventory management with carbon emission trade, derived the optimal order sizing, and anal
sized the impact of carbon emission trade on the decision, numerical experiment were
conducted and managerial insights were presented. Hua et al. (2011) studied the op sder
lot sizing and pricing with carbon trade based on the EOQ model, and examined ct of
the carbon emission trade on the order lot sizing and pricing, some numeric e%ves were
presented to show the managerial insights. Benjaafar et al. (2013) sh w carbon
emission concerns could be integrated into operationa ng relatively
simple and widely used models. Asbi et al. (2013) introdt carbon @mission constraints,
i.e., carbon emission trade, in multisourcing lot- sm prebems. Fo&qépe

s of constraints are
proposed and analyzed in the single-item uncapacn -Sizi roblem

sion reduc vestment. The literature

Our work is also related to the literature on
on this topic is sparse. Toptal et al. (20 '@ammed joint decisions on inventory
replenishment and emission reduction § ent und fferent emission regulations,
including cap-and-trade (i.e., carbon tra ang and Rust (2011) examined the
implications of the three pillars of suﬁlﬂy ent economy and social justice) on
consumption in a wealthy countr correlatl een investment and carbon emission
reduction was presented. Jlan Klab,;a 012) studied joint production capacity and

investment decisions with steghastic d der command-and-control and market-based
regulations such as carbo d cap@

Our work is relat |teratur orngesigning a decision support system for the optimal
decisions under ca SSIO a%;s Mattiussi et al (2014) presented a framework for an
energy supply suppo (DSS) for sustainable plant design and production
using multi- o‘/e an i-attribute decision-making modelling together with impact
assessment of the emissi puts. Hunt et al (2013) proposed a new integrated tool and
decision support fram for complex problems resulting from the interaction of many
multi-criteria issue hey applied this DSS to UK energy sector. Chang (2014) modelled
the planning and ination of hybrid renewable energy systems in uncertain environments
and developéd fn efficient heuristic to solve their model, and developed a decision support
system inte@ g their proposed model and the heuristic as an efficient decision tool to
enable e e and efficient energy management of hybrid renewable energy systems. Based
on ork for integrated sustainability modelling and reporting, Ahmed and Sundaram
(2012, proposed and implemented a generic sustainable business transformation roadmap,
which leverages system dynamics, workflow modelling and adaptable system concepts.

There are other papers similar to this topic. Krishnan et al. (2004) examined the
coordinating contracts for decentralized supply chains with retailer promotional effort. Wu
(2013) investigated the bargaining equilibrium behavior of an industry with two competing
supply chains with price and promotional effort dependent demand. De & Sana (2013)
examined the backlogging EOQ model for promotional effort and selling price sensitive
demand using an intuitionistic fuzzy approach. Giri, Bardhan & Maiti (2013) investigated the
method to coordinate a two-echelon supply chain through different contracts under price and
promotional effort-dependent demand.
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The rest of this paper is organized as follows. Section 2 presents the retailer and
manufacture’s model, and derives the optimal emission reduction effort and pricing decisions.
Section 3 is dedicated to the impact of carbon emission trade on the above decisions. A
numerical example is presented in Section 4. And Section 5 is dedicated to developing a
decision support system for decision makers, and Section 6 concludes the paper.

2. The Model

In this section, we consider a supply chain consisting of a manufacture and a retailer, the
manufacture should decide the optimal emission reduction investment and wholesale price,
the retailer should decide his retail price, please refer to Figure 1. We formulate th’igr}b'lem
as a stackelberg game, i.e., the manufacture is the leader, the retailer is the follo%

Retailer |« Q{Nf\@ést;rz ‘)@C>
[ O
Second Decide: . @r t Decide

Retail price % missionteduction investment;
Wh ice

SO

E:CD N

Fig . The,Degision Sequence

2.1. Assumptions and N \Q
unit product;

Co: the original ca otprint%
0
a:the carm%ion quo
Q: the manu re’s c@pmission;
c: the production co nit product;
e prauction ool
P~ the carbon per unit (ton);

A

w: the wh le price;

p: the 1®)rice (p>w>c);

@@ount of emission reduction investment;
d: the customer demand:;

7" - the manufacture’s profit;

7" the retailer’s profit;

Obviously, the emission reduction investment results in the decrease of the manufacture’s
carbon footprints, it should be decreasing, concave function of the emission reduction
investment, following Toptal et al. (2014), we assume that the decrease of the carbon
footprint is

aX - pX20<x <%
2
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where «, [ are positive constants.

Following most of the related literature, it is assumed that the customer demand function
decreases in the retail price, i.e., d =a—bp, where a and b are positive constants.

The manufacture’s carbon emission is
Q=C,d-aX+pX*=C,(a-bp) -aX +BX? )

2.2. The retailer’s Model °

Given the manufacture’s wholesale price w, the retailer should decide his retaifprice p to
maximize his profit. The retailer’s profit is

ﬂ’=(p—W)d=(p—K bp) & 2
Let d_”r =0, we have the following theorem. x)

dp
Theorem 1. Given the manufacture’s wholesale Slvér s retail price and
the customer’s demand are Q
_a+ bw Q
2 %\ Q) 3
%‘& a\

The proof is omitted since Iﬁ;ﬁwouse@ﬁ (2)-(4), we have
: 'QQ e ©)

(3)-(5) indicate N\Jéretailer&%tail price, profit and the customer’s demand only
depends on the ture’s sale price.
2.3. The Manufacture’s

Given the optimal é@ber’s respond function, the manufacture should decide his emission
reduction investm@d wholesale price. The manufacture’s profit is

8‘%(w—c)d— P°(Q-a®) - X

Q?Q = (w—c—C,p*) T2 X7+ (ap® )X +a"p° (6)
et dz =0, dd7)[( =0, then we have the following theorem.

dw

Theorem 2. The manufacture’s optimal emission reduction effort and wholesale price are

w*:c+C0p°+% (7)

< 1
A 8
2 2pp° ®
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Where @ =a—-b(c+C,p°).

Since the proof is simply, it is also omitted. Theorem 2 indicates that the manufacture’s
optimal emission reduction effort and wholesale price only depends on the carbon price per
unit. From (7), we see that the wholesale price includes two parts, one is production cost and

. . . .a .
carbon emission costc+C, p©, and another is the marginal profit 2_b And if the carbon

. . o . a
price per unit approaches infinity, then the manufacture should |nvest2—. The amount of

the carbon reduction investment is the same as Toptal et al. (2014).
From Theorem 1 and Theorem 2, we have the following theorem.

Theorem 3. The retailer’s optimal retail price and the customer’s demanég?’

=c+C, + —

p p° b
d =— Q 20)
Substituting (7) and (8) into (3) and (4), we can prove Th so the proof is omitted.
Theorem 3 indicates that the retailer’s optl il prme e customer s demand only
depend on the carbon price per unit. Fro nd (9) w e P >wW >c+C, p®, which

the manufacture’s.

Substituting (8) and (10) into (1), (7: TQ@ (7) and (8) into (6), we have

satisfies the assumption. And th&%s mar% itisp —wW = b , which is half of

. . % LA
'Q\iQ (3%_ T a5p% ZB

Q Q:Q =1% 12)
O ey )

(11)- (13ﬁg$,;ate that the manufacture’s optimal carbon emission, profit and the retailer’s
profit only ‘ d on the carbon price per unit.

(11

% pact of carbon emission trade on decisions and profits
In

this section, we will examine the impact of carbon emission trade on the manufacture
and retailer’s decisions and profits.

Differentiating p” with regard to p© and &, we have the following theorem.

Theorem 4. d—pc>0, dpo =0.
dp da
dp”

Proof. From (9), we have d_c =—2 50 the results hold. The second result is

straightforward.
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Theorem 4 states that the retail price will increase with increasing the carbon price, and
have nothing to do with the cap, which may be strange. In fact, the cap only effects the
retailer’s profit,

Differentiating W* with regard to p® and «°, we have the following Theorem 5.

Theorem 5. dl >0, dl =0.

dp® da’

e . .
Proof. From (7), gﬂc = ?0 , S0 the results hold. The proof of the second result |s omitted

since it is straightforward.
Similar to Theorem 4, from Theorem 5, we see that the wholesale price will %&a e with
I& pri

increasing the carbon price, and have nothing to do with the cap The wifol ce will
C, C,
|ncrease7 but the retail price will mcrease— with i |nc one un he carbon price.
Differentiating d”,Q", X " with regard to p°© an@; @gm 6.
Theorem 6. (1) % 0, ﬂ =0, x
dp da

(2)dQ %\ Q)
5 4& &\\

e _§
Proof. From (9), 8) and (11), dx” —;>0
@ a° 2pp%
bC2

C3 e rest of the results are obvious.
p

Theorem 6 states t h increasing the carbon price, the customer’s demand and the
amount of carbon e I& decrease, and the emission reduction investment increases. But

they all have nothi do with the cap.

Theore@%’() dﬂc <O,dﬁ0 =0,dﬂ0 > 0.
0 dp da da ] ]
@ (2) When p®*(4a,f+a’—apBC,) >1, ddp > 0, otherwise, ZL<O.

dz"”  ac,
Proof. From (12) and (13), we have dﬂc :—?<O and
p

dz"  p“(da,B+a’-apC,)-1 dz™
dp® 4pp% " da’

Theorem 7 indicates that the retailer’s profit will decrease with increasing the carbon
price, and the manufacture’s profit may increase or decrease which depends on the carbon

price. But the manufacture’s profit will increase with increasing the cap, and retailer’s profit
has nothing to do with the cap, which is straightforward.

= p°® >0, so the results hold.
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4. Developing a Decision Support System

In this section, we will develop a decision support system for retailers and manufactures to
facilitate their decision making process. The DSS is not only to provide the optimal solution
for retailers and manufactures such as the optimal retail price and emission reduction
investment; wholesale price, but also to give decision makers more managerial insights into
their decisions under carbon emission trade. In particular, the DSS has four major modules,
“Input Parameters”, “Output Results”, “Model” and “Sensitivity Analysis”.

Our DSS is as Figure 2.

Input parameters: x).
Module 1 C,.a’,c, p°, ny
\%ﬁul @

a,fB,a,b
A 4
Senwymalysw

Module 2 Stackelberg Model | ,-\Q’ b %:o’a ,C, p°,
\.) "

< N o
Module 3 %‘b s \Q

d,z", "
4

O

&dure 2. The four Modules of DSS
4.1. Input paramete

The DSS requi@rs to provide the following information, which can be obtained from
e carbon trade market.

\ -

Y

V

G
Y({P

the spot market an
o Cy: tI@%fnal carbon footprints of unit product;
the carbon emission quota;
%he production cost of unit product;
° pc : the carbon price per unit (ton);
oa,BaX —pX?
ea, b: d = a-bp.

4.2. Output Results

When the retailer or maufacture inputs the required parameters, then the DSS will calculate
the optimal decisions for retailer and manufacture based on our Stackelberg model, and show
the output results, such as the optimal retail price, the optimal wholesale price, the amount of
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emission reduction investment, the amount of manufacture’s carbon emission, the customer demand,
the manufacture’s profit and the retailer’s profit.

¢ Q: the manufacture’s carbon emission;

e W: the wholesale price;

e : the retail price (p >w>C);

o X: the amount of emission reduction investment;

e d: the customer demand;

[ ]
o " : the manufacture’s profit; x)
o' : the retailer’s profit; 6
This module shows how the optimal decisions ghe

4.3. Sensitivity analysis @

ge when oWut parameter of the
model varies, the optimal decisions include the op etail p w ptimal wholesale price,
the amount of emission reduction investment, and the amount of m& ure’s carbon emission, the
customer demand, the manufacture’s profit and the&kr’s pmfi%ﬂ input parameter may be the
carbon emission quota, the carbon price per®uni originalﬁs{ n footprints of unit product, the

production cost of unit product or e, 5,8 e resylt be shown in number or bar chart in
d
[ ]

different colours, such as increasing in gr; ecr@éﬁred.

ntan }al example to illustrate our model and results.
sting of ufacture and a retailer. They face the following
uld deg% their wholesale price, the amount of investment, and

5. Numerical Example 4

In this section, we will
There is a supply chain
market parameters, a

the retail price. Q

Co=1.5kg; =1000 kg; ac:=500; p®=%$0.2/kg ; d=10°-800p ; « =100,
L =0.01, the results are % rized in Table 1 and Table 2.

From Tables 1 anghZ,(We can see that with increasing the carbon price, the retail price, the
manufacture’s w e price and the emission reduction investment will increase, the
customer’s gemand” and the amount of carbon emission decrease. The retailer and
manufactur *Elﬂit will decrease with increasing the carbon price. With increasing the cap,
the retail@@ the wholesale price, the investment, customers’ demand, the carbon emission
an iler’s profit have nothing to do with the cap, but the manufacture’s profit will
increke

Table 1. The Impact of the Carbon Price

p© p W X d Q z ™
0.01 10625 | 875 0 149997 | 225000 | 2.8124x10" | 5.6248x10’
0.015 1062.5 | 875 | 1667 | 149995 | 86104 2.8123x107 | 5.6247x10’
0.02 1062.4 | 875 | 2500 | 149993 | 37491 2.8123x107 | 5.6247x10’
0.025 1062.4 | 875 | 3000 | 149991 | 14989 2.8122x107 | 5.6246x10’
0.03 1062.3 | 875 | 3333 | 149990 | 2764 2.8122x107 | 5.6246x10’
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Table 2. The Impact of the Cap

a® p w X d Q " ™
1000 1062.5 | 875 | 2500 | 149994 | 37491 2.8123x107 | 5.6247x10’
60000 | 1062.5 | 875 | 2500 | 149994 | 37491 2.8123x107 | 5.6248x10’
100000 | 1062.5 | 875 | 2500 | 149994 | 37491 2.8123x107 | 5.6249x10’
200000 | 1062.5 | 875 | 2500 | 149994 | 37491 2.8123x107 | 5.6251x10’
300000 | 1062.5 | 875 | 2500 | 149994 | 37491 2.8123x107 | 5.6253x10’

6. Conclusion .
In this paper, we examined the joint emission reduction investment and prici Mions
with carbon emission trade, and investigated the impact of carbon emissi t(%e’én these
decisions and profits. The problem is formulated as a stackelberg game t@ ufacture is
m%&s‘:pres t illustrate the
alysis, also designed a

acilitate thei decision making in

leader, and the retailer is follower. A numerical exa
proposed model and the results. Based on our mode
decision support system for retailers and manufac @
practice. @
We found that the retail price will increaseAyith increasin carbon price, and have
nothing to do with the cap. And the retailer’&l willed se with increasing the carbon
price, and has nothing to do with the cap. T ufacture’ olesale price will increase with

increasing the carbon price, and have 6? to the cap. The manufacture’s profit
may increase or decrease whic %gp S on h%[ rbon price, and will increase with
increasing the cap. With increasin carbon p he customer’s demand and the amount

of carbon emission decrease, an emissiora‘siuction investment increases.

References . Q@ \\9
, D, 2

[1] Ahmed, M.D., S\‘\aﬁ Sustainability modelling and reporting: From roadmap to
implementatipng[2eciSion Supp enis, 53: 611-624.
[2] Ashi, N, D

8-Perés, S., Kedad=8idhoum, S., et al. 2013. Lot sizing with carbon emission constraints.

European Joualof Ope '%esearch, 227:55-61.

[3] Benjaafar, S., Li, Y.Z., ., 2013. Carbon footprint and the management of supply chains: insights
from simple models. | nsactions on automation science and engineering 10 (1): 99-116.

[4] Cachon, G., 2014. ore density and the cost of greenhouse gas emissions. Accepted by Management
Science.

[5] Chaabane, A, Rarmudhin, A., Paquet, M., 2012. Design of sustainable supply chains under the emission
trading sc%,uvternational Journal of Production Economics, 135:37-49.

[6] Chang, ,22014. A decision support system for planning and coordination of hybrid renewable energy
syste ision Support Systems, http://www.sciencedirect.com/ science/article/pii/S0167923614001225

d-an intuitionistic fuzzy approach. Annals of Operations Research, http://dx.doi.org/10.1007/s10479-
1476-3.

[8] Diabat, A., Abdallah, t., Al-Refaie, A., et al., 2013. Strategic closed-loop facility location problem with
carbon market trading. IEEE Transactions on Engineering on Management, 60(2): 398-408.

[9] Giri, B.C., Bardhan, S., Maiti, T., 2013. Coordinating a two-echelon supply chain through different contracts
under price and promotional effort-dependent demand. Journal of Systems Science and Systems Engineering,
22(3): 295-318.

[10] Hua, G.W., Cheng, T.C.E., Wang, S.Y., 2011. Managing carbon footprints in inventory management,
132:178-185.

[11] Hua, G.W., Qiao, H., Li, J., 2011. Optimal order lot sizing and pricing with carbon trade. ICEIS 2011 -
Proceedings of the 13th International Conference on Enterprise Information Systems, 533-536.

[12] Huang, M.H., Rust, R.T., 2011. Sustainability and consumption. Journal of the Academy of Marketing
Science, 39 (1): 40-54.

[7]%1 , Sana, S.S., 2013. Backlogging EOQ model for promotional effort and selling price sensitive
013~

Copyright © 2014 SERSC 379


http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2275350
http://link.springer.com/article/10.1007/s11518-013-5222-9
http://link.springer.com/article/10.1007/s11518-013-5222-9

International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.9 (2014)

[13] Hunt, J.D., Bafiares-Alcantara, R., Hanbury, D., 2013. A new integrated tool for complex decision making:
Application to the UK energy sector. Decision Support Systems, 54: 1427-1441.

[14] Jiang, Y., Klabjan, D., 2012. Optimal emissions reduction investment under green house gas emissions
regulations. Accessed March 2014. http://www.dynresmanagement.com/uploads/
3/3/2/9/13329212/carbonregulations.pdf

[15] Krishnan, H., Kapuscinski, R., Butz D.A., 2004. Coordinating contracts for decentralized supply chains with
retailer promotional effort. Management Science, 50(1): 48-63.

[16] Mattiussi, A., Rosano, M., Simeoni, P., 2014. A decision support system for sustainable energy supply
combining multi-objective and multi-attribute analysis: An Australian case study. Decision Support Systems,
57:150-159.

[17] Toptal, A., Ozlii, H., Konur, D., 2014. Joint decisions on inventory replenishment and emission reduction
investment under different emission regulations. International Journal of Production Researchy 52(1):243-

269.
[18] Wu, D., 2013. Bargaining in supply chain with price and promotional effort dep emand.
Mathematical and Computer Modelling, 58:1659-1669. : i

Authors \44) ’ /}w%

Hongyan Hu, is a Ph.D condidate, her research i anclg{s) chain management,

low carbon logistics. x

Wenlong Zhou, is a Ph.D condidz%&% researcfﬁnterests include supply chain

management, industry security, and g& ic dC\@
Q N
@4 , {ji
N

380 Copyright © 2014 SERSC





