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Abstract

In the context of climate change, green-
house gas has aroused the general atten-
tion. In terms of supply chain manage-
ment, managers tend to focus on the de-
sign of low —carbon supply chain. As the
government enforced the emission trad-
ing scheme, foreign managers have con-
sidering the emission trading into the de-
sign of supply chain, while the develop-
ment of emission trading is still exploring
in china, and the initial allocation of the
emission allowance is the first problem to
solve, it’s necessary to discuss the design
of low-carbon supply chain considering
different allocations of emission allow-
ance under emission trading.
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1. Introduction

In context of climate change greenhouse
gas emission has aroused the general at-
tention. In terms of supply chain man-
agement, managers have begun to pay
close attention to the design of low-
carbon supply chain. Many foreign scho-
lars embedded carbon trading into the de-
sign of supply chain. As known, emis-
sion trading is a kind of market mechan-
ism which allows the companies to buy
emission allowance from those who pol-
lute less in order to stay below their emis-
sions limit or cap which usually imposed
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by a central authority .while the devel-
opment of emission trading is still explor-
ing in china, and the initial allocation of
the emission allowance is the first prob-
lem to solve, In a result, according to the
existing domestic and overseas research,
we propose a mix-integer programming
model to formulate low-carbon supply
chain.

2. Literature review

The low-carbon supply chain has been
widely studied in response to stricter en-
vironmental regulations in recent years.
At present, they can generally be divided
into four categories: management the
green supply chain from the perspective
of low-carbon , operation of low-carbon
products supply chain , management of
low-carbon supply chain, carbon man-
agement of supply chain, which present
various strategies and principles about
how to design low-carbon supply chain.
However, few studies think about using
the emission trading market as a tool to
quantify the design of low-carbon supply
chain. The trading of emissions under a
“cap-and-trade” system places supply
chains mangers in a different situation
compared with the traditional control ap-
proach.

First, corporations must consider the
available alternatives (options) that might
allow them to meet the cap. Second, they
must compare the cost of adopting some
of these options with the current trading
price of the emissions in question.
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While the design of low-carbon supply
chain is almost equivalent to the design of
green supply chain to some extent, and
most of these studies already embedded
carbon trading into the design of supply
chain ,yet not comprehensive for merely
considering the design of supply chain
with distributing the allowance for free.
In practice, the EU ETS rules specify that
in the first trading period, only a small
percentage of allowances may be auc-
tioned, and at least 95% of allowances
should be allocated for free. In the second
period, the amount to be given away for
free has to be at least 90%.Moreover,
Economist believe that auction is the
most efficient way of emission allowance
distribution, while it would be easier for
the governor to promote the emission
trading scheme if the allowance are free
to get for the emitters.

In summary, we believe it’s necessary
to combine emission trading and the allo-
cation of allowance into the design of
low-carbon supply chain.

3. Model formulation

3.1 model description

The proposed mathematical model focus-
es on studying the impact of production,
transportation and warehousing activities
with a carbon emission constraint. The
supply chain network consists of a set of
plants of various production capacities, a
set of distribution centers (DCs) of vari-
ous throughput capacities, a set of retail-
ers, and a set of product types. The prob-
lem is to decide which plants and DCs to
open, how the DCs are assigned to the
plants, and how the DCs distribute mul-
tiple types of products to satisfy retailers’
demands, in such a way that the total fa-
cility opening and products distribution
costs are minimized and total carbon
emission is not more than a predeter-
mined emission cap. Retailers’ demands
are assumed to be deterministic, and the
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plants and DCs have limited production
and throughput capacities. Throughout
this paper, we use the words warehouse
and DC interchangeably, while we use
the word facility to refer to a plant, ware-
house,or retailer.

3.2Notation

: set of retailers, indexed by i

: set of warehouses, indexed by 1

* set of plants, indexed by k

- set of warehouses sizes, indexed by j
* set of plants sizes, indexed by k

set of products, indexed by |

PO U G

- average expected cost of carbon cre-
dits, in ¥ /ton co,

Parameter

fk’; -fixed-cost to run a plant of size £ at
location k&

gjf - fixed cost to open and operate a DC
of size j at location ;

a, :demand of retailer i for product type
¢, : distribution cost of product type [ per
unit distance

w :size, in ft2, of DC j

p,; :size, in ft2, of plant &

g, :area, in ft2, required to produce one
unit of product type [ at any plant

S, .area, in ft2, required to store a unit of
product type [ at any DC

d’, -distance, in miles, between a plant at
location & and a DC at location ;
d[_;v:distance, in miles, between retailer i
and a DC at location ;

™’ :maximum amount (in tons) of car-
bon dioxide (CO2) that can be emitted

(allocated by the government)



™ - amount of carbon dioxide (CO2),in
tons, that is currently emitted

a, :CO2 emissions factor of a facility, in
ton per kWh of operation

a,, :CO2 emissions factor of a warehouse,
in tons per ft3

a, : CO2emissions factor for transporta-
tion, in tons per mile

M :very large number

Decision Variables

X, : total number of units of product type distributed
to retailer from warehouse
Y,,, - total number of units of product type shipped from
plant to warehouse
Ui - 1,if a DC of size ] is opened at location j
/" 10,otherwise
Vi _ 1,if a plant with production capacity k at location k
" | 0,otherwise
- |Lif CD i distributes product to retailer j
7710, otherwise

kT

iz {1, if plant k distribute products to CD j

0, otherwise
3.3The Model
| 3 T ot Tl
jel jeJ jel iel jel leL keK jeJ leL
Zka VA+R ar cap)} (1)
keK kek
st YX,=a, Viellel 0
jel
ZZSIX <wlU Vel jel 3)
iel lel
Y X, <)Y, Viedlel 4

iel kek

22T <P, WkeKkek ()

jeJ lel

540

o ZZ[J V‘+a ZZWU’

oK ik il e
DN AR ©
pripapor
X, <MK, Vieljellel (7
Y <MY, Vieljellel 8)
X, 20, Viel,jellel 9)
}’WZO, Viel jellel (10)
X,={10}, VieljeJ (11)
[ =10}, VieljeJ (12)
UI={L0),  Yjed,jel (13)
V=0, VkeKkek (14)

This model is formulated under the as-
sumption that emission allowance is allo-
cated for free. The objective function eq-
uation (1) minimizes the sum of the fixed
cost, distribution costs and allowance cost
traded on market. Constraint set equation
(2) ensures that the demand of each re-
tailer is satisfied by the open DCs. Con-
straint set equation (3) ensures that the
demands of retailers that are supplied by
open DCs do not exceed the throughput
capacity of any of these DCs. Constraint
set equation (4) ensures that total flow of
product / that enters DC jfrom all plants

does not exceed the flow that leaves the
DC to all retailers. Constraint set equation
(5) represents the capacity restriction of
plant of size in terms of the amount of
product it can handle. Constraint set eq-
uation (6) ensures that the total carbon
dioxide emission does not exceed an
emission cap, which is usually deter-
mined by environmental regulations. The
two new variables ( and ) that are used in
constraint set equations (6)-(8) are aux-
iliary binary variables that take value one
with positive flow between facilities,
which is guaranteed by equations (7)-(8),
where M refers to satisfactorily large
number. Constraint set equations (9)-(10)
and (11)-(14) enforce the non-negativity



and binary restrictions on the decision
variables.
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Here we consider an allowance auction
whose objective is to maximize the reve-
nue plus the combined amounts bid by
the supply chain. The new objective func-
tion equation is familiar with the original
equation except the part which represents
the cost of emission allowance by auction.

R%is the price of unit ton co2 that the
emitters would like to bid for the emis-
sion allowance on the carbon market.
The price prediction of allowance in dif-
ferent markets is an important issue but
beyond the scope of this paper.

We assume that the price R” is rele-
vant with the cost and the amount of
emissions. In this paper, we briefly sup-
pose that the price is a one-order function

cur

R'=f(¢" H +H, +H,) and €

represents the total amount of the supply
chain emissions and has a significant im-
pact on the bid price of the emission al-
lowance, excess emission levels would
impose the managers to pay more for the
allowance. H, + H, + H, represents the to-

tal cost of formulating the supply
chain ,and it would harm the supply chain’
ability to bid, if the total cost is too high.
We believe that the design of low-carbon
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supply chain will gain in richness and
mind share if leveraging the opportunities
offered by carbon trading markets for
those companies pursuing a green strate-
gy or having to regulate their GHGs
emissions.

4. Conclusion

With the proposed model, we come up
with a new model under the condition
that the emission allowance is assigned
by auction. It can help the managers to
make a rational tradeoff between cost
saving and emission reduction under the
two different markets environment. Poli-
cies defining the allowance allocation can
affect the intended goals such as control-
ling emissions, reducing total cost at a
reasonable level of a low-carbon supply
chain.
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