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1 INTRODUCTION 

There is a long-term debate about urban logistics be-
cause it involves environmental pollution, traffic jams 
and traffic accidents which are three most prominent 
problems in city. The most difficult problem to be 
solved is environmental pollution. Recent empirical 
studies estimate that urban freight vehicles account for 
6 to 18%of total urban travel (Figliozzi, M.A., 2010) 
and 21% of CO2 emissions(Schoemaker, Allen, 
Huschebek & Monigl, 2006). Governments  are  
under  growing  pressure  to  enact legislation  
to  curb  the  amount  of  these  emissions, such 
as carbon tax, emission cap, carbon trade and so on. In 
order to predict the effectiveness of a carbon policy 
and to decide the right parameters for the policy, it is 
important to understand the response of freight ship-
pers towards carbon policies. A carbon policy’s im-
pacts on a company may include design of its logistics 
network, different choices of transportation modes, 
and better logistics management (Mingzhou Jin et al, 
2013). 

This paper will investigate the impact of the three 
most common carbon policies on the city logistics 
distribution, and it also includes the design of the city 
logistics network. Optimization models are proposed 
for the decision making of the city logistics based on 
various carbon policies. 

The remainder of this paper is organized as follows. 
Section 2 states a literature review. Section 3 provides 
the urban logistics network structure and the optimiza-
tion formulations of designing the logistics network 
for a retailer based on various carbonpolicies.Section4 
presents an empirical study and discusses the impact 
of different types of carbon emission.Section5is writ-
ten to be ended with conclusions and provides future 
research directions. 

2  LITERATURE REVIEW 

The literature review for this paper covers two main 
areas of research: the research on city logistics net-
work design and the study of carbon policies. City 
logistics distribution is mainly refers to the logistics 
activities in the city. The ideal mode is used in most of 
the goods transported into the logistics park first, then 
dispatched to the logistics center according to the 
logistics information, and transferred to the distribu-
tion center through the centralized storage, finally 
distributed to retailers by the distribution center. 

There are several studies focusing on the impact of 
carbon policies on the logistics distribution. Ming 
Zhou Jin et al.(2013)studied the impact of carbon 
policies on the supply chain design and logistics of a 
major retailer, they showed that different policies have 
different impacts on the costs and the effectiveness of 
emission reduction. Hoen et al.(2014) proposed opti-
mization models including the transportation costs and 
the emission costs, studied the results for different 
types of emission regulation, and found that even 
though large emission reductions can be obtained by 
switching to a different transport mode, the actual 
decision depends on the regulation and non-monetary 
considerations. Benjaafar et al. (2013) designed opti-
mization models for supply chain operational decision 
making based on several carbon policies: strict carbon 
caps, carbon tax, carbon cap-and-trade, and carbon off 
sets. Roumboutsos et al (2014) introduces a method-
ology based on the Systems of Innovation approach to 
examine the process by which electric vehicles may be 
introduced in city logistics. Yang et a l (2014) devel-
oped a model with the minimum operational cost as 
the goal in which carbon tax cost was also integrated, 
and a bi-level city logistics distribution network was 
formulated with some high carbon-efficient facilities 
to be allocated onto various distribution centers. Guy 
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et al (2014) analyzed Telematics, urban freight logis-
tics and low carbon road networks. Their findings 
showed that the topology of urban street patterns 
strongly interacts with the level of telematics and the 
route guidance. Diabat and Simichi-Levi (2010) for-
mulated a mixed-integer program for a company to 
design their optimal supply chain network while 
meeting their carbon cap. Their model focused on the 
impact of one carbon policy and did not consider 
transport vehicle type choice. In this paper, we design 
a four-layer urban logistics distribution network and 
introduce programming models based on three carbon 
policies: carbon tax, carbon emissions cap and carbon 
trade. 

3 OPTIMIZATION MODELS UNDER VARIOUS 
CARBON POLICIES 

The urban logistics distribution network is formed by 
four layers: a set of logistics bases (LBs), a set of lo-
gistics centers (LCs), a set of distribution centers 
(DCs),and a set of a set of retailers, illustrated inFig-
ure1.The problem is to study how the specific carbon 
policies would affect  the costs and emissions of 
various firms. 

We make some assumptions as follows: 
(1) The position and capability of LBs, LCs, DCs 

and the demanded quantity of retailers are known. The 
position is permanently fixed for a long time. 

(2) The goal of urban logistics distribution is mini-
mum distribution cost integrated with carbon emission 
cost. 

(3) Distribution costs and the amount of carbon 
emissions are linearly proportional to the distance and 
volume. They are only based on the traveled distance 
between facilities. 

To formulate the problem, the following notations 
are used: 

I  is the number of logistics bases, indexed by i; 

logistics bases

logistics centers

distribution centers

retailers

Figure 1. Structure of urban logistics distribution network 

J is the number of logistics centers, which is in-
dexed by j; 

K is the number of distribution centers, indexed by 
k; 

M is the number of retailers, which is indexed by m; 
i

A is the capacity of logistics bases; 
j

B
is the capacity of logistics centers;

k
C is the capacity of distribution centers;
N is the set of vehicle type. 

n

ij
x is the amount in tons shipped from logistics base 

I to logistics center j with vehicle type n. 
n

ij
b is the cost of shipping one ton from logistics 

baseito logistics center j per kilometer with vehicle 
type n. 

n

jk
y

is the amount in tons shipped from logistics cen-
ter j to distribution center k with vehicle type n. 

n

jk
b is the cost of shipping one ton from logistics 

center j to distribution center k per kilometer with 
vehicle type n. 

n

km
z is the amount in tons shipped from distribution 

center k to retailer m with vehicle type n. 
n

km
c is the cost of shipping one ton from distribution 

center k to retailer m per kilometer with vehicle type n. 
m

d is the daily demand in tonnage at retailer m; 
n

ij
e is the carbon emission in kilograms (kg) of ship-

ping one ton from logistics base I to logistics center j 
with vehicle type n. 

n

jk
e is the carbon emission in kilograms (kg) of 

shipping one ton from logistics center j to distribution 
center k with vehicle type n. 

n

km
e is the carbon emission in kilograms (kg) of 

shipping one ton from distribution center k to retailer 
m with the vehicle type n. 

ij
l is the distance from logistics base I to logistics 

center j; 
jk

l is the distance from logistics center j to distribu-
tion center k; 

km
l is the distance from distribution center k to re-

tailer m. 

3.1 Basic model  

In the following models, there is no carbon policy 
so that the retailer considers logistics cost and carbon 
emissions in the transportation. 

Model I: 
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The objective function equation (1) minimizes the 
sum of the distribution costs. Equation (2) minimizes 
the carbon emissions. Constraint set (3) ensures that 
the demand of each retailer is satisfied. Constraint sets 
(4)-(6) represent the capacity restriction of every layer. 
Constraint set (7) keeps the flow conservation at every 
layer. 

3.2 A model under carbon tax 

A carbon tax is an effective means of reducing carbon 
emissions, which is considered as the tax on CO2
emissions. Let us suppose that a carbon tax is with the 
rate of t dollars per kg of CO2, we modify the objec-
tive function (1) and (2) into (9) as follows: 

Model II: 
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Where,
n n n

ij ij ij
u a te� � , 

n n n

jk jk jk
u b te� �

, 

n n n

km km km
u c te� � . 

The objective function (9) is together with con-
straint sets (3)-(8).The objective function equation (9)
minimizes the model when a carbon tax is charged. 
Carbon Tax Model is similar to Model I except con-
sidering carbon emission costs. 

3.3 Model of under carbon cap 

A carbon cap is another popular means of controlling 
emissions. E (in kg) is the carbon cap of the retailer. 

Carbon Cap Model is shown as follows: 
Model III: 
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The Carbon Cap Model is a minimum network cost 
problem with constraint sets (3)-(8). Constraint (11) is
carbon emissions in the transport process. Logistics 
activities should be carried out within the prescribed 
limit carbon emissions. 

3.4 A model under carbon trade 

Carbon Trade is a market mechanism for various in-
dustries. They will be included as follows: 

A carbon trade market can meet the carbon cap by 
selling or buying carbon quote. b� ( b

� ) is the amount 
of carbon (kg) sold (or bought) in a carbon trade mar-
ket. p is the carbon selling (buying) price per kg in 
the carbon market. The objective function of the Car-
bon Market Model becomes (12). 

Model IV: 
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The objective function (12) is together with con-
straint sets (3)-(8). The objective function equation (9) 
minimizes the model when the carbon is sold (or 
bought). Constraint (13) presents a certain quantity of 
the carbon is sold (or bought) when the carbon emis-
sion is less (greater) than E. ( )p b b

� �� is the cost of 
the carbon trade. 

4 EMPRICAL STUDY 

An empirical study is conducted in this section to 
better understand how various carbon emission poli-
cies influence a major retailer’s transportation cost and 
carbon emissions. Specifically, a chain supermarket of 
Beijing is used in this case study. Goods are collected 
on the Jing Xibei large logistics compounds, and then 
transferred to Ma Chi port logistics center; after col-
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lection, they are shipped to Qing He distribution cen-
ter; through assembly and picking processing, they are 
then sent to 10 supermarkets nearby. The locations of 
logistics base, logistics center, distribution center and 
supermarkets are unchanged in the long term. 

4.1 Date collection 

The demand at each supermarket is calculated based 
on its type and location. Multiple modes of transporta-
tion vehicles can be used in each distribution cen-
ter.Table1 shows the total month demand of each su-
permarket and the distance of supermarkets around the 
distribution center. Transport vehicle types are also 
considered. A, B, and C are respectively represented
as the Light truck of gasoline, the Medium-sized truck 
of gasoline and the Light-duty diesel. Table 2 presents 
for each maximum capacity, unit transportation cost, 
carbon emission factor(kg CO2 per unit shipped) and 
unit energy consumption of each vehicle. Here, we 
assume that the policy tax rate is adopted between 
0.01 to 0.1yuan/kgCO2eq, the initial value is 0.06, the 
carbon emissions cap is 12000, and the trading price is 
about 0.05yuan/ kgCO2.The solution uses Cplex to 
solve the problems and results are shown in Table 3. 

Table 1. Month demand and distance of supermarkets 

supermarket month demand
(tons)

distance around 
the  distribution 
center (km)

1 110 28.8
2 220 5.3
3 132 23.4
4 323 8.7
5 82 17.3
6 278 10.3
7 254 7.2
8 302 10.3
9 236 18.8
10 190 6.2

Table 3 shows that the optimal solution is com-
pletely different when only consider the single goal. 
Policymakers decide to adopt different objective func-
tions, such as the minimum logistics cost or carbon 
emissions minimum, and its corresponding level of 

logistics costs and carbon emissions is completely 
different. In the case of no carbon policy, when poli-
cymakers are in pursuit of economic interests for the 
purpose in order to minimize the logistics cost, they 
often ignored in the process of transport carbon emis-
sions to the environment, the impact of the level of 
carbon emissions is higher. When friendly environ-
ment is regarded as the main target, the lower the car-
bon emissions is, the higher the logistics transporta-
tion cost is. Therefore, when faced a two-fold eco-
nomic benefits and environmental pressure, policy-
makers need to trade-off between the two choices. 

4.2 Effects of different carbon policies on objective 

function 

Carbon policy is still immature in our country. Given 
that making profits as the first goal of most companies, 
this paper regards transportation costs as the primary 
goal when studies effects of different carbon policies 
on transportation costs and carbon emissions. Results 
and discussion based on the supermarkets are shown 
as follows: 

(1) Effects of carbon tax on transportation costs and 
carbon emissions 

Table 4 presents the results of transportation costs 
and carbon emissions based on different tax rates. 
Supermarkets can change cost and carbon emissions 
by choosing different transportation vehicles. It is easy 
to see that when the tax rate is less than 0.03yuan/kg, 
the carbon emissions may not be significantly reduced. 
When the carbon tax rate is increased from 0.03 to 0.1 
yuan/ kg, transportation costs are increased from 
11492 to 11492 and then grown slightly, while carbon 
emissions have dropped substantially. This is mainly 
because when carbon tax is lower, the cost of carbon 
emissions is lower related to transportation cost. Su-
permarkets will give priority to transportation costs 
and pay a certain cost of carbon emissions. Only if the 
cost of carbon emissions is much higher related to 
transportation cost, they will replace the type of 
transport vehicle and seek methods to reduce emis-
sions. The results show that carbon emission is signif-
icantly reduced and the transportation cost is slightly 
increased with the continuous increase of carbon tax. 

Table 2. Vehicle types, transportation cost and carbon emission factor
vehicle 
types

maximum 
capacity (t)

unit transportation 
cost(yuan/(t•km))

carbon emission fac-
tor(kg/(t•km))

unit energyconsumption
(L/(t•km))

A 37 0.5 0.12 0.0678
B 36 0.4 0.25 0.0692
C 35 0.3 0.3 0.0606

Table 3. Optimum solution of objective function under different carbon polices
objective function No carbon police Carbon Tax Carbon Cap Carbon Trade
distribution costsminimization 11342 11546 11342 11429
Carbon emission(kg) 11342 11020 11342 11209
Carbon emission minimization(kg) 6107 6107 6107 6538
distribution costs 19861 19983 19861 19734
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Only high carbon tax can effectively drive supermar-
kets to reduce carbon emission. In other words, su-
permarkets may be sensitive to a high rate after the 
carbon tax policy is implemented. 

(2) Effects of carbon cap on transportation costs and 
carbon emissions 

Table 5 shows the results of transportation costs and 
carbon emissions based on different carbon cap. Ac-
cording to the mandatory carbon policy, carbon emis-
sions must be considered and distribution must be 
stopped operating when carbon emissions ceiling is 
reached. Transportation costs and carbon emissions 
are the same with that of no carbon policy which is 
implemented when the carbon cap is larger than 
11000kg, and carbon cap can't afford to constraint 
function. Transportation cost is decreased with the 
increase of carbon emissions limits when the carbon 
cap is lower than 11000kg. Compared Table 4 with 
Table 5, it can be found that transportation costs and 
carbon emissions based on carbon cap are lower than 
cost and emissions that based on carbon tax. This 
implies that governmental departments can provide 
reasonable carbon emissions limits when making car-
bon policies, so as to reduce carbon emissions without 
increasing the transportation cost significantly. 

(3) Effects of carbon trade on transportation costs 
and carbon emissions 

To provide distribution more flexibility, a carbon 
cap-and-trade policy with a carbon exchange market 

can be implemented. The impact of the carbon 
cap-and-trade policy heavily depends on how to allo-
cate the cap and what the market price is. The carbon 
trading price and the carbon emission limits are main 
factors influencing the retailers' decision in the carbon 
trading market. The carbon price could fluctuate a lot 
and it is also different in different carbon trading 
places. The prices used in this paper are selected from 
Beijing Environment Exchange, the average trading 
price is 0.05 yuan and the highest is about 0.08 yuan. 
According to the given limit of carbon emissions, the 
lower the carbon trading price is, the larger amount of 
carbon emissions will be, and the transportation cost is 
on the decline with the increase of carbon trading 
price. This shows that the revenues from the carbon 
exchange can compensate the transportation cost to a 
certain extent. When the price is high enough (p=0.08), 
carbon emissions will not be changed with caps. 
However, when the price is low (p=0.05), carbon 
emissions are increased with the increase of caps. The 
results show that transportation costs and carbon 
emissions are mainly affected by carbon trading price 
not by carbon cap based on the carbon trade policy. 

(4) Comparison of different carbon policies 
The findings from the case study compare the three 

carbon policies regarding their effectiveness of reduc-
ing carbon emissions and impacts on the transporta-
tion cost. As predicted in the introduction, each policy 
has achieved the goal of reducing carbon emissions. 

Table 4. Transportation costs and carbon emissions under different tax rates
carbon tax rates 0.01 0.03 0.05 0.06 0.07 0.08 0.10

transportation costs 11387 11492 11546 11567 11589 11599 11614

carbon emissions(kg) 11233 11142 11020 10873 9645 8107 6983

Table 5. Transportation costs and carbon emissions under different carbon cap
carbon cap 12000 11000 10000 9000 8000 7000 6000

transportation costs 11342 11347 11367 11389 11402 11423 11457

carbon emissions(kg) 11342 11000 10000 9000 8000 7000 6000

Table 6. Transportation costs and carbon emissions based on different carbon trade policies
carbon 
cap(kg) trading price CO2 to buy(kg) CO2 to 

sell(kg) transportation cost carbon emis-
sion(kg)

11000
0.05 0 13 11345 10987
0.08 0 4017 11123 6983

10000
0.05 0 0 11367 10000
0.08 0 3017 11352 6983

9000
0.05 0 0 11389 9000
0.08 0 2017 11376 6983

8000
0.05 0 0 11402 8000
0.08 0 1017 11394 6983

7000
0.05 0 0 11423 7000
0.08 0 17 11411 6983

6000
0.05 983 0 11457 6983
0.08 0 0 11435 6000
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Comparison of the three policies finds that the trans-
portation cost is highest based on carbon tax policy. 
However, if we reduce carbon emissions, a high car-
bon tax must be imposed to achieve remarkable re-
sults. 

For the carbon cap policy, when the carbon emis-
sion is below the cap, the minimum transportation cost 
is the operational objective because the excess carbon 
cap can’t be sold, and most of supermarkets are with-
out the consciousness of environmental protection. 
However, when carbon emission is higher than the cap, 
the type of transport vehicle will be changed to reduce 
carbon emissions. The effectiveness of the carbon cap 
policy mainly depends on the carbon emissions limits 
assigned to enterprise, and transportation cost is de-
clined with the increase of the carbon emissions limit. 

For the carbon trade policy, the carbon emission 
rights or revenues can be obtained by buying or selling 
a certain amount of carbon emissions to achieve the 
goal of carbon reduction with lower cost. But this 
policy is vulnerable to fluctuations by the trading price, 
and the small amplitude fluctuation of the trading 
price can lead to the change of the distribution center 
decision and produce different levels of carbon emis-
sions. 

By the comparison of transportation costs and car-
bon emissions based on different policies, we find that 
carbon tax and carbon trade policies are effective in 
the case that does not affect the normal operation of 
supermarkets. But certain risks based on each policy 
implementation must be considered, such as how to 
effectively determine the carbon tax and limit of car-
bon emissions and carbon trading price, and so on. 
Through the above analysis, conclusions are drawn as 
follows: The level of carbon emissions and transporta-
tion costs could be changed based on the difference of 
vehicle types in some extent. When the carbon tax and 
the trading price are lower, the cost of carbon emis-
sions is smaller related to transportation cost, and 
carbon emissions can’t be significantly reduced. Thus 
only by high carbon tax and carbon trading prices, 
carbon emissions could be effectively reduced without 
significantly increasing transportation cost. Based on 
the condition ofthe normal operation of enterprises, 
carbon tax and carbon trade policies are more effec-
tively achieved targets of carbon reduction compared 
with the carbon cap policy. 

5 CONCLUSION AND FUTURE RESEARCH 

In this paper, we introduced a four-layer urban logis-
tics distribution network problem with a carbon emis-
sion constraint and proposed optimizations models to 
better understand how various carbon emissions poli-
cies influence supermarkets’ logistics operations. 
Three relevant models are proposed based on carbon 
policies: carbon emission tax, carbon cap, and carbon 
trade. The models can help policy makers to predict 
the impact of policies on overall emissions in the 
freight transportation sector. Urban logistics distribu-

tion may be influenced by various factors based on 
low carbon policies, such as urban transportation, 
infrastructure, and enterprises alliance and so on. Our 
future work about the study of equilibrium between 
the logistics cost and the carbon emissions may be 
researched under the condition of joint distribution or 
cooperation. It will be interesting to design the models 
which include alliance cooperation in the overall car-
bon footprint study for logistics enterprises. 
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