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Abstract: Because of the eco-consciousness and the environmental protection companies 
become ’green’, therefore many green supply chains are realized in the business sphere. 
Companies of green supply chain take care on the environmental protection. These 
companies try to decrease the pollution, so they implement some eco-conscious processes. 
The green supply chains contain these companies. The biggest problem is the coordination 
of these chains. Nowadays, supply chains have many members, so the cooperation is 
getting more and more difficult. It could be a potential good solution, if the chain members 
use the different contract types to coordinate the chain. Contract tries to handle the 
inequality between the chain members and gives a framework to the cooperation of chain 
members. This paper introduces the wholesale pricing contract, which can be used in the 
case of green supply chain and its different settings effectively. The wholesale pricing 
contract is one of the traditional contract types but it produces different performance in the 
case of centralized and decentralized setting. Centralized setting has a chain leader – this 
member operates and coordinates the whole chain and defines common goals for the 
members. In decentralized setting the members define their own goals and they act in 
accordance with their own interest. A simulation with numerical example is also included to 
represent the difference between the two settings. 
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1. Eco-consciousness and the supply chains in the 21st century 
The eco-consciousness is an expanding subject both in the civil and the business sphere. 
Nowadays, this is a very important issue, because humanity has to stop or at least decrease 
the pollution of the Earth.  
Companies can implement eco-conscious processes for example into the manufacturing or 
the distributing system. But it does not matter how much the cost of the implementation of 
these processes. Some companies would not like to – or simply just cannot – carry extra 
costs. However, more and more companies have the willingness to invest in favour of the 
environmental protection. These investments make the companies to be green. Not only the 
companies can be green, but also the supply chains – if a supply chain or network contains 
only green companies, it is called green supply chain. 
In the 21st century, the numbers of green supply chains are increasing and the growing 
trend within the chain is realized as well. Many other partners (suppliers, logistics 
companies, etc.) join to the chains, so the coordination is getting more difficult.  
Therefore this paper is based on the coordination of green supply chain with the help of one 
of the most popular contract type – the wholesale pricing contract. A numerical example 
represents the efficiency of this type.  
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2. Characteristics of green supply chains 
The first concept of green supply chain and the question of eco-consciousness were 
appeared in the ’60s and the ’70s. In later years the conception of eco-consciousness was 
the mixture of the early conception of supply chain management and the environmental 
management. Both disciplines converged to each other and when the inverse logistics was 
appeared on the scene, they have been merged (Miskolcziné, 2017). 
Due to the merger and development of the supply chain management and the environmental 
management, in the beginning of the 2000s, it was called environmentally conscious supply 
chain management (ESCM) by Zsidisin and Siferd (2001). The goals of the ESCM were to 
create some measures to defend the environment. According to Beamon’s (2005) theory, 
this approach was not enough – all of the products and processes of the companies must 
have environmental feature as far as possible; it does not matter if the effects of these are 
indirect or direct.  
In the year of 2008, Carter and Rogers had a publication about the sustainable supply chain 
management (SSCM). It was the second step of the evolution of green supply chains. 
According to Carter and Rogers, the sustainable supply chain management also prefers the 
profitability; therefore, the profitability has to be combined with the social and the 
environmental criteria. Harms (2011) defined the helping areas to the implementation of 
Carter and Rogers’ theory (Figure 1). 
 

 
 
Figure 1: Conditions of the sustainable supply chain 
Source: Own construction by Harms (2011)  

 
The eco-consciousness management had a widespread name which is also used nowadays 
– it is called green supply chain management. Miskolcziné (2017) distinguishes two main 
approaches: 
 
- one defines the methodologies, tools to reach the eco-conscious goals; 
- second defines the processes and activities of the green supply chain management 
(Miskolcziné, 2017). 
 
So, it means that first of all company has to define the eco-conscious goals. To reach these 
goals, the methodologies and tools has to be also determined. These methodologies and 
tools must be used in some basic business processes and activities. Consequently, this 
process is the condition of the green supply chain management (Figure 2). 
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Figure 2: Conditions of the green supply chain 
Source: own construction by Miskolcziné (2017) & Kovács et al. (2018) & Bándi (2014) 

 
In the case of green supply chains, the processes of the logistics, the product planning, the 
procurement, the production and distribution need to be eco-friendly, too. There are many 
‘green’ choices to use to these areas, for example the totally recycling processes, the 
ecolabels, and the eco-conscious packages.  
The closing of chain is the first step to be green the chain (Figure 3). The goal of the 
closed-loop chain is to collect and recycle things which are defined worthless by the 
costumers or the partners – for example defective products, packages, or some 
components. After the recycling, the company can resell them (Guide & van Wassenhove, 
2008).  
 

 
Figure 3: The closed-loop supply chain 
Source: Own construction by Gaur et al. (2017) 

 
The closed-loop supply chain needs the chain members to integrate the recycling processes 
into their corporate operations. At the end of the chain, the customer also has the 
responsibility for the closed-loop chain. One possible solution, if customer reuses the 
products. 
The distributors can recycle the used packages. With this process, they help to close the 
chain.  
The retailers’ and the wholesalers’ recycling process can be combined with the ’milk-run’. 
Milk-run is an optimization process, used by the supply chain management. The goal is to 
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reduce the shipping charges by using a delivery schedule. The order of the stations is 
determined. If they unload the package at the station, they can load and deliver the wastes 
(for example some recyclable bottles) as well. With this process the company can reduce the 
unit cost of the transportation – the vehicle will be never empty, and the wastes will be 
recycled.  
The wastes of the manufacturers can be remanufactured. For example, plastic wastes can 
be prepared in granule form again, if the company grinds the plastic wastes, and the 
company reuses it or sell to a partner to further manufacturing processes. Unfortunately, this 
could not be a choice for every company. If the company is not able to reuse or resell the 
wastes, it can use the landfill to handle their wastes.  
Thus, if companies use some recycling process, the pollution can be reduced and the profit 
can be realized at the same time.  
 
 
3. Supply chain coordination by contracts – literature review 
Coordination of the supply chains is getting a very important research topic regarding to both 
of the green and the traditional supply chains. The new trend is the expanding of supply 
chains. The cause of this phenomenon is the increasing number of the cooperating partners 
within the chains. 
Supply chain management suggests two groups to coordinate the chain – hard factory and 
soft factors can be used. The hard factors, especially the contracts are included by much 
recent researches.  
As a hard factor, contracts can coordinate the supply chain, because contracts try to handle 
the inequality between the chain members, it derives from the different levels of dominance 
which is appeared in the chain. If a chain member is more dominant than the others, it can 
provide better conditions in favour of itself – but it can be the source of many conflicts. 
Contracts try to cease the differences and decrease the number of the conflicts. Contracts 
provide a framework for cooperation; they show how partners share risks and benefits under 
uncertain supply or demand (Coltman, et al., 2009). 
Several authors analyse the coordination-power of different types, make numerical 
examples to determine the advantages and disadvantages of using. There are traditional 
contracts – for example the wholesale pricing contract, but some authors try to mix for 
example some traditional contracts to create some hybrid or extremely complex types, 
because these solutions can be relevant to the coordination issue (Katok & Pavlov, 2013; 
Zhang et al., 2013).   
This paper would like to introduce one of the typically contracts which can be used in the 
case of green supply chains as well. An important question is the settings of supply chains, 
because it can influence the performance.  
Centralized setting is preferred by the literature, because in this case, there is a decision 
maker, who controls, manages the whole supply chain and maximizes the total profit of the 
whole supply chain (Giannoccaro, 2018).  
In case of decentralized setting, the chain members do not strive for the effective 
cooperation, because they act in accordance with their own interest. It means that the total 
profit can be less. Thus, the cooperation, the information-sharing mechanisms and so the 
effectiveness won’t be satisfactory.  
According to the researcher’s opinions, the centralized setting is preferred in a classic supply 
chain. The question is the following: is it a correct statement in the case of a green supply 
chain or not? 
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4. Numerical example with the wholesale pricing 
My analysis is based on the literature reviews, case studies, and some numerical examples 
and it contains fictive data. The aim of this numerical example is to represent the differences 
between the two settings of green supply chain. So, this is theoretical contribution with a 
simulation of a simple green supply chain with two members – the supplier and the 
manufacturer.  
The analysis compares the total profit, the individual profit, the market price, the unit price 
and the quantity sold in the case of each setting both of centralized and decentralized 
settings. By the help of these values some conclusions could be drawn in relation of the 
performance of different settings.  
The comparison is based on a simple green supply chain model with two members (Fig. 4). 
 

 
Figure 4: The simple green supply chain model 
Source: own construction 

 
Table 1 summarizes the notations applied in the model. 
 
Table 1: Notations  

SYMBOL DESCRIPTION 

i Constant 

u Constant 

Pmarket market price 

Punit unit price 

Q quantity sold 

Csup cost of supplier 

Cman cost of manufacturer 

∑C total cost of the members 

∑Π total profit 

ΠSUP individual profit (supplier) 

ΠMAN individual profit (manufacturer) 

Source: own construction 

 
The economic parameters of the calculation are shown by the Table 2. 
 
Table 2: Economic parameters of the calculation 

Parameter Value 

i 160 

u 2,25 

Pmarket 160 – 2,25Q 

Csup 55 

Cman 40 

Source: Own construction 
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The market price (Pmarket) is calculated by the simplified market demand function which 
contains the market constants (i, u) and the quantity sold (Q). The model’s assumption is the 
members are aware of the information about the market demand. 
There are differences between the calculations of factors about each supply chain settings.  
The Equation (1), (2), and (3) show the total profit, the quantity sold, the unit price, if the 
partners use wholesale pricing contract in case of centralized supply chain. Model’s 
assumption the members share the total profit equally. 
Equation (3) derives from the equal sharing mechanism of the total profit.  

CEN; ∑Π = (i − uQ − ∑C)Q = (Pmarket − ∑C)Q (1) 
  

 
𝜕CEN; ∑Π

𝜕CEN;  Q
= 0   → CEN;  Q =  

i − ∑C

2u
 

 (2) 

  

CEN; ΠSUP = CEN; ΠMAN  →  CEN;  Punit =  
Pmarket − Cman + Csup

2
 

(3) 

 
Equation (2) is expressed from the Equation (1), because of the profit-maximization criteria – 
it is based on the market demand. It means if the partial derivative form of the total profit 
(Equation (1)) is equal to zero, the quantity can be expressed, and the Equation (2) is true.  
With the help of the Equation (4) and (5) the individual profits can be determined.  

CEN; ΠSUP = (Punit − Csup)Q =  (Punit − Csup)
i − ∑C

2u
 

(4) 

  

CEN; ΠMAN =  (Pmarket − Punit − Cman)Q = (Pmarket − Punit − Cman)
i − ∑C

2u
 

 (5) 

 
It must be also used the Equation (2) to calculate the individual profits, because it needs to 
know the sold quantity. As the Figure 3 shows, the supplier gets the unit price from the 
manufacturer as an income, but his profit is decreased by his costs.  
In the case of the manufacturer, his income is the market price, the decreasing factors are 
the unit price – which is paid to the supplier for the ordered quantity – and his own costs.  
The factors are influenced by the quantity sold. 
The (6), (7), (8), (9) and (10) equations calculate the previously represented values, but in 
this case the supply chain is decentralized. 
 

DEC; ∑Π =  
3(i − ∑C)2

16u
 

(6) 

  

𝜕DEC;  ΠMAN

𝜕DEC; Q
= 0  →  DEC; Q =  

i −  Punit − Cman

2u
 

 (7) 

  
𝜕DEC;  ΠSUP

𝜕DEC;  Punit

= 0   →   DEC;  Punit =  
i − Cman + Csup

2
 

(8) 

DEC; ΠSUP = (Punit − Csup)Q =  
(i − ∑C)2

8u
 

(9) 

DEC; ΠMAN =  (Pmarket − Punit − Cman)Q =
(i − ∑C)2

16u
 

(10) 
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Equation (7) is expressed by the partial derivative form of the manufacturer’s individual profit 
(10). The manufacturer must maximize his profit by the quantity sold because of the 
profit-maximizing criteria. Also for this reason Equation (8), the unit price derives from the 
supplier’s profit (Equation (9)). Supplier of the decentralized setting maximizes the profit by 
the unit price. 
The Equation (9) and (10) can be determined, if the constants and the costs – all of which 
describes the market demand – are used to the calculation.  
Table 3 summarizes the results of applying the formulas and data of Table 1. 
 
Table 3: Results 

 WHOLESALE PRICING CONTRACT 

Centralized setting Decentralized setting 

Q 100 pcs 14,44 7,22 

Pmarket EUR 127,5 143,75 

Punit EUR 71,25 87,5 

𝚷𝐒𝐔𝐏 100 EUR 234,65 234,72 

𝚷𝐌𝐀𝐍 100 EUR 234,65 117,36 

∑𝚷 100 EUR 469,44 352,08 

Source: Own construction 

 
As shown by the table, the centralized setting gives higher performance than the 
decentralized setting. The total profit of the whole supply chain is much higher, so the 
individual profit – in the case of the manufacturer – is also can be higher. Profit of the 
supplier is almost equally in both settings, there is no big difference between the values. 
Market and unit prices are also better; less than in the decentralized setting. Because of 
these prices members and costumers are interested in to buy larger quantity of product.  
Results show the advantages of the centralized setting. In the long term, this setting can be 
profitable to the chain members, and of course to the whole chain.  
The difference between the classic and green supply chain is the eco-consciousness. 
Increasing costs may be caused by the changes based on the eco-consciousness. So these 
costs can be influence the contracts, they can change the factors, and also the weights of 
the factors. For example, a green product can be more expensive, and it can influence the 
market price in the case of both contract types. The prices also can be determined by the 
quality of the green product and the degree of environmental impact. Therefore, the 
companies have to clarify the aspects of environmental protection, because green 
companies prioritise the reducing the environmental impact of their products or services 
even at the increasing costs.  
 
 
5. Conclusions 
There are no big differences between the behaviour of members whether in the traditional or 
in the green supply chains. The goal of both members in each case is to maximize the profit 
and reduce the costs at the same time. But the members of green supply chain have 
willingness to make investments and incur additional expenses to have eco-friendly 
processes. Many companies have saved capital to make the eco-consciousness 
investments. These companies are not price-sensitive ones. The quality of the product is 
more important than its price. However, in the traditional supply chain the price and the 
quality usually have the same importance, the same weights. Thanks to the centralized 
setting the cooperation helps to improve the quality of the green products. Therefore, 
centralized setting is recommended to the green supply chain as well.  
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In the case of decentralized setting the members’ acting in their own interests, so there is 
only a minimal level of cooperation. It causes the problem – for example – if one member 
uses eco-consciousness manufacturing processes but other members do not. It is in the way 
of the existing of green supply chain. Another problem when the information is not available 
about the demand.  
Therefore, the effective solution is the centralized setting whether the chain is green or not, 
but in the case of green supply chains the centralized setting is more important than in other 
cases. The numerical example shows the value-differences between the settings in 
proportion to the decentralized setting (Table 4). 
 
Table 4: Differences between the settings of supply chain 

Q Pmarket Punit ∑𝚷 

CEN 
200% 

> 
DEC CEN 

89% 
< 

DEC CEN 
81% 

< 
DEC CEN 

133% 
> 

DE
C 

Source: own construction 

 
As Table 4 shows in decentralized setting companies can sell 50% less quantity of products 
– or double the quantity of products can be sold in the centralized supply chain, because the 
profit maximizing variable is the quantity sold – based on the market demand – in the 
centralized setting. The prices are lower in centralized setting than decentralized setting, 
because the profit maximizing variable is the unit price in the decentralized setting – 11% 
and 19% less are the market and the unit price. Thus, the total profit can be higher in the 
case of centralized supply chain.  
In the case of green supply chain, the quality and the quantity of products are more 
emphasized and the prices are not strong influencing factors. Based on the results 
decentralized setting is appropriate for the green companies and the green supply chain as 
well. But decentralized setting is not high-level cooperation system, therefore members lose 
many information and with this the quality and the eco-friendliness of green products can be 
reduced which leads into dissatisfaction.  
Basically, the centralized setting is recommended to every type of supply chain, including 
the green companies and green supply chains. With the help of the high-level cooperation, 
the coordinated strategies companies in the chain can be green easily; therefore, the whole 
chain can be green more easily.  
The wholesale pricing contract can coordinate the chain very well, if the chain operates as a 
centralized supply chain. The simulation introduces a simple green supply chain model. The 
calculations include the standard factors; by the help of these factors the performance of the 
chain can be determined and the different settings become comparable.  
 
 
6. Final discussion 
Nowadays a very important question in both of the green and the traditional supply chain 
management is how the efficiency of supply chain coordination can be improved. In case of 
the green supply chain this topic is getting be more relevant, because there are more and 
more green supply chains. Soft and hard factors can be applied to coordinate the chain. The 
second group, namely the contracts can be a good solution according to the literature. One 
relatively frequent contract type was analysed in two different settings of supply chain. The 
difference between the centralized and decentralized green supply chain were 
demonstrated with the help of a simulation. As the results show the centralized setting of 
green supply chain becomes more efficient. It is very important to develop a more efficient 
cooperation – with better communication and trust the right level of cooperation can be 
reached. If the managers are able to change their attitudes and they prefer the long-term 
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cooperation, the supply chains can shift from the decentralized setting to the centralized 
setting. 
The model has limitations. It does not quantify relevant values and weights in green supply 
chains, such as price and quality of products. Further research can be focused on how the 
different weights influence the company’s decision makers – is it worth to be green or not – 
and also the performance of centralized or decentralized green supply chains, so it is 
recommended to use these additional variables in order to make the analyses more realistic. 
The simulation is based on two partners’ relation; results can be improved, if the analysed 
green supply chain has more members.  
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