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Purpose: This paper provides an overview of analytical optimization models and 
simulation-based approaches coping with upcoming challenges concerning the 
growing requirements within the field of sustainable supply chain design. It aims to 
combine the two highlighted solution methods in order to propose a holistic ap-
proach for decision-making support in this area. 
 
Methodology: Initially, a literature review on current application solutions for sus-
tainable supply chain design is given. The regarded and analyzed approaches will be 
clustered and allocated to supply chain design tasks. Synergetic effects of combining 
simulation and optimization are identified and an integrated approach is outlined. 
 
Findings: Sustainable supply chain design tasks can be encapsulated in specific 
modules which are optimized simultaneously. Partial solutions are created which 
simplify the simulation model and reduce the necessary configurations to verify the 
robustness.  
 
Originality: Current approaches focusing on sustainable supply chain design mainly 
use simulation or optimization. A well-defined approach using various preceded op-
timizations for modularized strategic tasks like partner selection, allocation of re-
sources or determination of transport relations with subsequent verification of the 
results in a simulation has not been proposed yet.  
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1 Introduction 

The integration of ecological targets within the orchestration of supply 

chains has been focused increasingly in the most recent research work con-

cerning supply chain management. The strategic orientation of logistics 

networks, the supply chain design (SCD), represents the most important 

challenge regarding this topic. It consists of several individual design tasks 

which influence each other mutually. In current research work, there is only 

a rudimentary consideration of these interdependencies, since individual 

planning approaches for the design tasks are integrated isolated from one 

another (Parlings, et al., 2015). The complexity of supply chain design de-

rives from the task of simultaneously handling the individual design tasks 

in the best possible way and to identify and to consider the resulting inter-

dependencies. In a best case scenario these interdependencies can be used 

synergistically. 

Supply chain design determines the long-term operational framework and 

therefore can make the most influential contribution to the establishment 

of sustainable processes (Krieger and Sackmann, 2018). The drivers of this 

progressive integration of a sustainable approach include governmental 

regulations, economic constraints and a growing mentality to save costs 

caused by rising energy prices (Bonsón and Bednárová, 2015). The last as-

pect already implies that economic and ecological targets do not neces-

sarily have to be mutually exclusive. On the one, hand resource savings (en-

ergy, materials, water, etc.) have a direct positive impact on economic as-

pects. On the other hand, a conflict of objectives can be identified. If the 

ecological component exerts a stronger influence on strategic design, for 

instance, the aim is to bundle transports optimally and to minimize express 
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transports. This procedure can have an extremely negative effect on the 

achieved service level (Bretzke, 2014). 

This contribution aims to outline a solution framework that realizes a holis-

tic strategy improvement for sustainable supply chain design (SSCD). In the 

course of this, the interdependencies of the design tasks must be taken into 

account. In terms of sustainability, it is necessary to include ecological tar-

gets within the design tasks on the basis of a uniform system of indicators. 

The partly negative correlation of the target values should enable the user 

to create trade-off solutions and compare them with his target preferences. 

As tools of the solution framework to be outlined, mathematical optimiza-

tion methods and simulation are used. The analytical mathematical meth-

ods are particularly suitable for modeling and coping with the specific de-

sign tasks (Seidel, 2009). The simulation represents an efficient tool for the 

detailed evaluation of the occurring interdependencies in a supply chain. 

However, one major downside of simulation methods is the high modeling 

effort (Kuhn, et al., 2010). The linking of optimization and simulation can 

reduce the modeling complexity of the simulation model by generating in-

itial solutions for individual design tasks using several optimization models 

beforehand. The subsequent simulation is used to evaluate the dynamic 

behavior of the supply chain and thus to validate the results (März and Krug, 

2011). The results can be implemented into a feedback loop to improve the 

parameterization of the analytical methods to approximate the specific tar-

get preferences. 



274 Lucas Schreiber 

 

2 State of the Art Review 

This section provides an overview of previous approaches coping with sup-

ply chain design tasks using sustainable components. In the following, the 

drilldown reporting procedure is described. The identified optimization-

based approaches are assigned to the individual design tasks. It is quite 

possible that one approach addresses several design tasks at the same 

time. In order to realize this assignment it is initially necessary to identify 

these design tasks. In addition, common approaches for the integration of 

sustainable components into the supply chain design will be demon-

strated. Finally, there is a categorization of the optimization-based solution 

approaches referring to the type of integration of the sustainable compo-

nent and the design tasks addressed. Furthermore, simulation-based ap-

proaches and combined approaches are introduced and analyzed. 

2.1 Supply Chain Design Tasks 

The reference model for identifying and classifying the design tasks is the 

supply chain design task model introduced by Parlings, et al. (2013). It is 

divided into higher-level supply chain design tasks, supply chain structure 

tasks and supply chain process design tasks (see Figure 1). 
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Figure 1: Supply chain design task model (Parlings, et al., 2013) 

The higher-level tasks represent the definition of a strategy (Basu and 

Wright, 2017) and the definition of a target system (Schuh and Ünlü, 2012). 

Since this scope of tasks cannot be sufficiently mathematically or simula-

tively modeled and evaluated, approaches to solutions for these superor-

dinate task are to be excluded in this paper. The structure of the supply 

chain is developed on the basis of five fundamental design tasks. The first 

task concerning this scope is the make-or-buy decision. First of all, it must 
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be determined, which of the offered services are to be provided by the com-

pany itself and which are to be purchased from other companies externally 

(Govil and Proth, 2001).  

For services that are not provided by the customer, a partner selection (PS) 

has to take place. Among other choices, it must be decided whether ser-

vices are to be sourced regionally or globally and whether a good is to be 

sourced from just one supplier or several suppliers (Rennemann, 2007).  

In course of a facility selection (FS), for internal services, such as produc-

tion, storage or handling of (semi-finished) products, it must be clarified 

how many different locations are required and where they are located. In-

separable from the choice of location is the task of allocating (A) specific 

products and the associated resources to the selected locations. Based on 

the results of the facility selection and allocation, it is necessary to imple-

ment an optimal capacity dimensioning (C). For example, production areas, 

stock areas or production capacities have to be dimensioned (Chopra and 

Meindl, 2007). 

The design of the supply chain structure significantly determines the en-

ergy efficiency of the network. However, the make-or-buy decisions only in-

directly influence energy efficiency in supply chains, since the definition on 

the use of internal or external services merely determines the division of 

processes among the network partners. Therefore, make-or-buy decisions 

are not considered in detail in this paper. 

The third scope of tasks within the supply chain design is the supply chain 

process design. In the context of the sourcing process design (SPD), con-

cepts for the handling and provision of incoming goods must be estab-

lished. For example, the implementation of supplier concepts such as 

"Just-In-Time" or the introduction of a "Vendor-Managed-Inventory" can 
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be considered in this context. The cooperative agreement with suppliers on 

strategical optimal delivery rates can also be assigned to this design task. 

On the one hand, the production logistics process design (PLPD) consists of 

the decision concerning the superordinate production strategy (Wilke, 

2012). A distinction, for example, can be made between the production 

strategies make-to-order and make-to-stock. On the other hand, the deter-

mination of the order penetration point is also one of the essential deci-

sions within this scope of tasks (Parlings, et al., 2013). When designing the 

distribution processes (DPD), the most important component is to deter-

mine the number of distribution levels for each product. Following the de-

sign of sourcing, production and distribution processes, the overarching 

task of designing the network processes is the development of a suitable 

replenishment policy for each product, which defines the desired readiness 

to deliver (Simchi-Levi, et al., 2011).  

The design of information and communication processes represents a 

cross-sectional task that must be addressed from sourcing through produc-

tion to distribution. The design of the transport relations determines the 

means of transport to be used for the distribution channels. 

The supply chain process design has a significant influence not only on the 

energy requirements of the individual processes, but also on the efficiency 

of the service provision. Accordingly, the introduced design task – except 

for the design of the information and communication processes – are cen-

tral to the assessment of the energy efficiency of the network and are con-

sidered comprehensively in this paper. 
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2.2 Sustainable Supply Chain Design 

The dynamics of supply chains are constantly changing and new paradigms 

in the context of ecological and social requirements must be anchored in 

the design of strategic processes (Paksoy, et al., 2019a). Thus, the classic 

supply chain design can be extended by the factor of sustainability. The as-

pect of sustainability is understood to mean the potential to minimize risks 

associated with the scarcity of natural resources, rising energy costs, envi-

ronmental pollution and waste management (Srivastava, 2007). These po-

tentials are to be integrated as additional indicators into the target system 

of companies within the framework of supply chain design. This leads to a 

paradigm shift towards sustainable supply chain design. The newly emerg-

ing target values can still be linked with the specific design tasks of classic 

supply chain design shown in the previous section. In the following, existing 

optimization models and simulation models for decision support with re-

gard to a sustainable supply chain design will be identified and classified. 

2.2.1 Optimization Models for Sustainable Supply Chain Design 

In this section, optimization models for the decision support concerning 

sustainable supply chain design are clustered. Linear, integer linear and 

nonlinear optimization models are considered. The solution methods used 

can represent both exact and heuristic methods. The objective function 

and the constraints of the optimization models should be particularly fo-

cused. Since sustainable supply chain design does not necessarily have to 

optimize monetary values or values that can be projected to a monetary 

level through an intermediate step, it has to be investigated to what extent 



       Optimization and Simulation for Sustainable Supply Chain Design       279 

 

economic and ecological criteria can be included simultaneously. Accord-

ing to Engel, et al. (2009), a general distinction is to be made between four 

different modeling alternatives (see Figure 2).  

The first alternative is the direct projection of ecological factors to mone-

tary values. One possibility in terms of energy efficiency is to integrate the 

resulting energy costs directly into the target function. Likewise, emitted 

greenhouse gases can be linked to a monetary value within the scope of the 

emission trading scheme and can accordingly be embedded into a cost-

based target function on the basis of the current price for an emission al-

lowance. The second alternative is a weighting of individual subgoals in a 

higher-level objective function. For this purpose, individual scaling factors 

for economic and ecological sub-objectives are defined. However, when 

utilizing weighting factors  the determination of the specific scaling factors 

is problematic (Rösler, 2003). A third form of integration is the establish-

ment of ecological constraints. The consequence is that certain minimum 

requirements for sustainable components must always be met and that 

monetary values can only be optimized if the implemented constraints are 

maintained. 
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Figure 2: Modeling alternatives for optimization models concerning the 
simultaneous integration of economic and ecological objectives 

A fourth alternative is the use of multi-objective optimization, also called 

Pareto optimization. As already shown, optimizations within the frame-

work of sustainable supply chain design are characterized by contradictory 

target values with regard to several aspects, which influence each other 

negatively. A resulting challenge is to extract the most efficient trade-off so-

lution,  which tolerates losses in one or more target values (Ehrgott, 2005). 

The goal of multi-objective optimization is to generate a set of Pareto opti-

mal solutions. In a Pareto efficient state, it is no longer possible to improve 

a target value without having to worsen another target value. The set of Pa-

reto efficient solutions can then be used to extract a most suitable final so-

lution based on the individual target preferences of the decision-makers 

(Habenicht, et al., 2003). 

In the following step, existing optimization models which provide assis-

tance regarding a sustainable supply chain design are to be clustered with 

regard to the four modeling alternatives introduced. Within one optimiza-

tion model, several of the shown modeling alternatives can be used. For ex-

ample, a multi-objective optimization with sustainable constraints may be 

provided or a multi-objective optimization can be used to identify suitable 
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weighting factors, which have to be validated afterwards. The classification 

regarding the modeling alternative of the respective optimization model is 

provided in the column "OPT" of Table 1 with the numbering according to 

Figure 2. 

In addition, the classification concerning to the extracted supply chain de-

sign tasks (see Figure 1) is provided in Table 1. An optimization model, 

which manages all tasks simultaneously, could not be identified. The cause 

for this is the high complexity of the superordinate strategic task and the 

numerous interdependencies of the individual decisions, which can no 

longer be handled simultaneously above a certain level of abstraction. Fur-

thermore, a holistic modeling approach would cause an immense calcula-

tion effort for decision making over several periods (Günther, 2005). Never-

theless, the models often address more than one design tasks at once, 

whose scopes have intersections, so that a common integration makes 

sense up to a certain level. Accordingly, the review includes optimization 

models, which address at least one strategic design task and also integrate 

sustainable target values into the objective function in one of the modeling 

alternatives presented (see Table 1).  
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Table 1: Optimization models for sustainable supply chain design  
(own Figure) 

Source  PS FS A C SPD PLPD DPD TR OPT 

Abdallah, et 

al. (2012) 
 X X X X   X  1,4 

Arslan and 

Turkay 

(2013) 

     X X   1,3 

Azadnia, et 

al. (2015) 
 X    X    2,4 

Chaabane 

(2011) 
 X X X     X 3,4 

Guillén-

Gosálbez 

 and Gross-

mann 

(2009) 

  X X X  X X  4 

Jaber, et al. 

(2013) 
     X X   1 

Lee, et al. 

(2018) 
 X  X    X X 1 
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Source  PS FS A C SPD PLPD DPD TR OPT 

Moham-

madi, et al. 

(2014) 

  X X    X  4 

Musavi and 

Bozorgi-

Amiri (2017) 

  X X    X  4 

Paksoy, et 

al. (2019b) 
 X X X X    X 2,3,4 

Priyan 

(2019) 
     X X   1 

Torğul and 

Paksoy 

(2019) 

 X    X    2,3,4 

Tsao, et al. 

(2018) 
  X X    X  3,4 

Yu and Su 

(2017) 
 X        2 
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In the course of the state of the art review, three different branches with 

different scopes of application have been identified. The first branch to be 

mentioned is an analytically sound initial partner selection with integrated 

sourcing process design under the inclusion of sustainable criteria. The 

methods are mostly based on fuzzy logic linked to a subsequent linear op-

timization. There is a variety of configuration options available. Torğul and 

Paksoy (2019) propose a combination of a fuzzy-based analytical hierarchy 

process (FAHP) and fuzzy TOPSIS with a subsequent multi-objective linear 

optimization. Yu and Su (2017) use fuzzy logic linked with a data envelop-

ment analysis (Fuzzy-DEA) and Azadnia, et al. (2015) implement the fuzzy 

logic in the context of a linear optimization with simultaneous order quan-

tity calculation for the orchestration of partner selection and strategic 

sourcing process design. 

As a second branch, the determination of the network processes based on 

the lot size determination is to be mentioned. This task includes the design 

of sourcing, production and distribution processes. As an approach, Arslan 

and Turkay (2013) propose the extension of the classical economic order 

quanitity (EOQ) calculation to a sustainable economic order quanitity 

(SEOQ). Various possibilities for the inclusion of sustainable components 

using linear optimization models with ecological constraints are proposed 

in this context. Priyan (2019) developed an extended nonlinear optimiza-

tion model as a solution alternative and Jaber, et al. (2013), using another 

model, calculate optimal production rates in a supplier-producer relation-

ship. 

The third and largest branch is concerned with linking the nodes and edges 

of a supply chain network. In mathematical modeling, the decision varia-
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bles represent the transport quantities of the individual products, semi-fin-

ished products and raw materials on the edges of the network. In this con-

text the goods are allocated to the locations in the network (see Lee, et al., 

2018). The design of the transport relations can theoretically take place in 

the same step by providing the decision variables a further index as a de-

gree of freedom to determine the means of transport on an edge (see Chaa-

bane, 2011). The distance bridging of the respective edge, the loading 

weight and the means of transport are factors which have a strong influ-

ence on the ecological balance of the network. In addition, binary activa-

tion and deactivation variables can be integrated for locations in the net-

work in order to address the design task of facility selection (see Guillén-

Gosálbez and Grossmann, 2009). This decision can be extended by a capac-

ity-related degree of freedom so that the decision to use a node in the net-

work has to be made considering different available capacity dimensions 

(see Paksoy, et al., 2019b; Abdallah, et al., 2012). If the amount of nodes in 

the network consists of warehouse locations on the distribution side – such 

as central and regional warehouses – the distribution chain of a product is 

also determined by this optimization (see Tsao, et al., 2018).  In addition, 

hub allocation problems can be listed especially for the design of strategic 

distribution processes, which determine optimal links between transship-

ment points (see Mohammadi, et al., 2014; Musavi and Bozorgi-Amiri, 2017). 

2.2.2 Simulation Models for Sustainable Supply Chain Design 

Besides the mathematical optimization methods introduced, simulation is 

a common tool for decision support in the context of sustainable supply 

chain design. The simulation is characterized by the execution of experi-

ments on the basis of a previously created model of an already existing or 
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planned system. The simulation executes a performance evaluation of the 

model and the results are projected onto the real system to support the de-

cision-making process (VDI, 2014). In the context of the simulation of supply 

chains, the dynamic behaviour of the individual locations and their links is 

simulated in computer models, taking into account the associated pro-

cesses. The dynamics, i.e. the temporal behavior of the system, is repre-

sented by stochastic components with state changes at discrete points in 

time. The simulation progress takes place by the occurrence of events. For 

instance, in the simulation of supply chains, these events represent the ar-

rival of a product in a warehouse or the completion of the loading of a 

means of transport (Rose and März, 2011). 

Accordingly, simulation is particularly suitable for the holistic considera-

tion of the interdependencies of the design tasks concerning sustainable 

supply chain design. Similar to the optimization models, the simulation 

models must also focus particularly on the performance evaluation under 

consideration of sustainable criteria. The evaluation is carried out by 

means of a key performance indicator system to be defined in advance, 

which determines the indicators to be evaluated after completion of the ex-

periments. In the following, simulation studies already performed in the 

context of sustainable supply chain design, will be introduced.  

One of the first simulative approaches was developed by Hirsch, et al. 

(1996), in which economically conventional goals such as service level and 

delivery time are simulatively investigated with regard to their ecological 

compatibility in order to support the establishment of environmentally 

friendly value networks. 

Reeker, et al. (2011) identified suitable methods for the logistics expenses 

and performance analysis as well as for the ecological assessement, which 
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were combined to an integrative evaluation approach based on selected 

key indicators. The interdepencies of the individual target values within the 

evaluation approach are shown transparently through a simulation. 

Cirullies (2016) expanded the logistics target system to include selected 

ecological indicators such as resource consumption, emission values and 

energy consumption. Based on this, a global supply chain was modelled in 

a simulation software and several experiments with varying order penetra-

tion points were analyzed. For evaluation and integration into the extended 

key performance indicator system, transport parameters and location pa-

rameters (distance, load weight, etc., depending on the transport process) 

were converted into an explicitly comparable sustainability value.  

2.2.3 Linking Simulation and Optimization for Sustainable  
Supply Chain Design 

It has been shown that optimization methods are particularly suitable for 

supporting individual design tasks. However, a holistic evaluation is prob-

lematic. The simulation can be used for the integrative evaluation of spe-

cific scenarios on the basis of a key performance indicator system and un-

veils the interdependencies of the target values. On the contrary, the defi-

nition of suitable scenarios and the choice of parameters for the economic 

and ecological control parameters within the supply chain is somewhat dif-

ficult. A combination of optimization and simulation in the context of sus-

tainable supply chain design is therefore an appropiate possibility to fully 

exploit the advantages of both tools. According to März and Krug (2011), a 

distinction is to be made between four different types of linking (see Figure 

3). 
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Figure 3: Types of linking simulation and optimization 

A few approaches for sustainable supply chain design, which link simula-

tion and optimization can be found. Longo (2012) developed an approach 

for the simulation of a network with integrated transport route optimiza-

tion, which can be matched to the integrative linking type number three in 

Figure 3. In the system of indicators used for the evaluation, the emission 

values of the transports were examined among other monetary values. 

Guerrero, et al. (2018) propose an approach based on multi-objective opti-

mization with subsequent simulation to ensure the statistical significance 

of Pareto solutions. The proposed system of indicators considers the emis-

sion values of transports carried out as well as emission values of the indi-

vidual locations. The approach is to be assigned to the sequential linking 

type number one (see Figure 3). 

The integration of sustainable components is rather sparse in the identified 

approaches, since only emission values of transport routes or fixed emis-

sion values of locations of the network are taken into account. Moreover, 

not all relevant design tasks are addressed. In the following, an innovative, 
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holistic linking approach for sustainable supply chain design will be pro-

posed. 

3 Holistic Framework for Sustainable Supply Chain 
Design 

The basic idea of the approach is to synchronize, adapt and extend the re-

sults from the state of the art review in an appropiate way. In the context of 

the identification of optimization models it could be outlined that the pro-

found selection of several models makes it possible to address all relevant 

design tasks. The interdependencies can be made visible by a simulation – 

in particular with regard to the interaction of economic and ecological tar-

get values. The framework of the innovative approach is based on a combi-

nation and extension of the linking types number one and four (see Figure 

3). This adaptation is necessary in order to benefit from the advantages of 

both linking types. Linking type number one is suitable for decreasing the 

complexity of the subsequent simulation, since initial solutions can already 

be used, for example, by reducing the number of potential suppliers and 

locations of the network in advance. Linking type number four already of-

fers a kind of feedback mechanism between optimization and simulation. 

This is immensely important for the integration of sustainable target values 

in order to assess the dynamics and interdependencies of the interaction of 

economic and ecological target values within a supply chain. However, 

since the approach developed in this paper applies several optimization 

models simultaneously, the simulative evaluation should not be used for 

individual optimization models only, but as an evaluation for the overall 

aggregation of the results across all optimization models used. 
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In a first step, suitable optimization approaches are extracted, which to-

gether cover all relevant design tasks. In section 2.2.1, three superordinate 

branches have already been identified. The selected approaches from the 

three branches are to be projected onto the existing supply chain and are 

synchronized with each other so that they each optimize individual compo-

nents, which can be aggregated without further intermediate steps. The ob-

jective functions to be optimized are based on a previously defined system 

of indicators. For each model the resulting solution is presented to the de-

cision-makers, who carry out an initial comparison of the individual solu-

tions with the company goals for each optimization model, which results in 

an initial weighting of the target values. However, the results only consider 

fixed static periods and usually do not reflect any periodically dynamic ef-

fects. To address this issue, a simulation of the aggregated results is exe-

cuted afterwards. Since the interaction of the aggregated optimizations 

can deliver a changed overall solution due to mutual interdependencies 

and the time component, a new evaluation is performed based on the sys-

tem of indicators. This overall evaluation is in turn presented to the deci-

sion-makers, who can adapt the weightings of the individual target values 

in the optimization models within a feedback loop taking into account the 

revealed causal relations. Subsequently, a new simulation with aggregated 

evaluation takes place. This process is repeated until the overall result 

matches the company goals to be achieved. An overview of the developed 

framework can be seen in Figure 4. 
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The first optimization deals primarily with the partner selection. The use of 

an approach based on the fuzzy set theory with subsequent linear optimi-

zation has emerged as state of the art method in literature research. 

Figure 4: Holistic framework for orchestrating sustainable supply chain  
design (own Figure) 

The criteria to be evaluated should be as consistent as possible with the 

overall sustainable performance indicator system. The benefit is a com-

plexity reduction of the sourcing nodes of the network to be initially con-

sidered. If, in addition, a sourcing strategy is integrated into the model con-

cerning the calculation of optimal sourcing lot sizes and reordering cycles, 

the sourcing design task is covered simultaneously.  

In the second initially isolated optimization, the design of the network pro-

cesses is the main topic. The determination of potentially optimal lot sizes 
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and replenishment strategies for sourcing, production and distribution is 

realized, for example, by calculating a sustainable economic order quantity 

with coupled linear optimization. As a further result, order penetration 

points to be selected for the individual products can emerge. 

The third optimization is responsible for connecting the nodes and edges 

still available for selection. Each product, semi-finished product or raw ma-

terial is assigned to a sourcing location, a production location or a distribu-

tion location. The company's own locations are dimensioned accordingly 

with regard to the required resources. To realize the allocations, the result-

ing edges must be described explicitly with regard to the means of 

transport to be used and the transport quantities. Since this optimization 

usually exhibits the highest solution and modeling complexity, heuristic 

methods are primarily suitable as solving methods. The application of arti-

ficial intelligence and machine learning can play a decisive role in finding 

solutions. Methods such as neural networks or multi-agent systems are be-

coming increasingly popular in this context, as they are characterized by 

fast processing of large and complex amounts of data and outperform 

other solution methods in terms of solution quality and convergence speed 

(Hellingrath and Lechtenberg, 2019).  

The three optimizations have to be adapted to the respective network and 

synchronized in such a way that the results can be integrated into a simu-

lation software without further effort. Feedback loops may include adjust-

ments to individual models. These adjustments could affect the other opti-

mizations so that they have to be customized simultaneously. The pro-

posed framework is not be regarded as fixed and can be extended modu-

larly by further varying modules and objectives. 
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4 Conclusion 

This paper pointed out that many common optimization models and simu-

lation studies already exist in the field of sustainable supply chain design. 

In addition, it was highlighted that the combination of the two tools has an 

immense potential concerning this topic. However, previous combined ap-

proaches only address individual supply chain design tasks in isolated 

cases. Therefore, they cannot make any statements about the interdepend-

encies that occur between the tasks with regard to the dynamics of a supply 

chain. The integration and evaluation of energy efficiency and ecological 

factors is also insufficiently developed and has no feedback mechanisms.  

The innovative holistic approach proposed in this paper addresses all rele-

vant supply chain design tasks and guarantees a sufficient integration of 

ecological parameters in all components based on a superordinate individ-

ual key performance indicator system. Selected state of the art methods 

are modularly linked and synchronized so that occurring interdependen-

cies of the dynamics of a supply chain can be transparently identified and 

evaluated. In addition, the feedback loops, which can be performed as of-

ten as requested, provide a progressively better configuration with regard 

to the user's preferences. 

Financial Disclosure 

The results of this paper are based on the research project E2-Design, 

funded by the German Bundesministerium für Wirtschaft und Energie (FKZ 

03ET1558A). 



294 Lucas Schreiber 

 

References 

Abdallah, T., Farhat, A., Diabat, A. and Kennedy, S., 2012. Green supply chains with 
carbon trading and environmental sourcing: Formulation and life cycle assess-
ment. Applied Mathematical Modelling, 36(9), pp. 4271–4285. 

Arslan, M.C. and Turkay, M., 2013. EOQ Revisited with Sustainability Considerations. 
Foundations of Computing and Decision Sciences, 38(4), pp. 223–249.  

Azadnia, A.H., Saman, M.Z.M. and Wong, K.Y., 2015. Sustainable supplier selection 
and order lot-sizing: an integrated multi-objective decision-making process. In-
ternational Journal of Production Research, 53(2), pp. 383–408.  

Basu, R. and Wright, J.N., 2017. Managing global supply chains. London, New York: 
Routledge Taylor & Francis Group. 

Bonsón, E. and Bednárová, M., 2015. CSR reporting practices of Eurozone compa-
nies. Revista de Contabilidad, 18(2), pp. 182–193.  

Bretzke, W.-R., 2014. Service Quality Versus Sustainability: A New Conflict of Objec-
tives. In: Funk, B., Niemeyer, P. and Marx Gómez, J. (Eds.), 2014. Information 
Technology in Environmental Engineering, pp. 179–190. 

Chaabane, A., 2011. Multi-Criteria Methods for Designing and Evaluating Sustaina-
ble Supply Chains. Ph. D. École de technologie supérieure Université du Québec 

Chopra, S. and Meindl, P., 2007. Supply Chain Management. Strategy, Planning & 
Operation. In: Boersch, C. and Elschen, R. (Eds.), 2007. Das Summa Summarum 
des Management. Wiesbaden: Gabler, pp. 265–275. 

Cirullies, J., 2016. Methodische Erweiterung des Supply Chain Designs zur Integra-
tion einer ökologischen Bewertung. Technische Universität Dortmund, Praxis-
wissen. 

Ehrgott, M., 2005. Multicriteria optimization. Berlin, New York: Springer. 

Engel, B., Walther, G. and Spengler, T.S., 2009. Integration of Carbon Efficiency into 
Corporate Decision-Making. Operations Research Proceedings 2008, pp. 47–52. 

Govil, M. and Proth, J.-M., 2001. Supply Chain Design and Management. Strategic 
and Tactical Perspectives. Elsevier. 



       Optimization and Simulation for Sustainable Supply Chain Design       295 

 

Guerrero, W.J., Sotelo-Cortés, J.-M. and Romero-Motta, E., 2018. Simulation-optimi-
zation techniques for closed-loop supply chain design with multiple objectives. 
DYNA 85(206), pp. 202–210.  

Guillén-Gosálbez, G. and Grossmann, I.E., 2009. Optimal design and planning of sus-
tainable chemical supply chains under uncertainty. AIChE 55(1), pp. 99–121. 

Günther, H.-H., 2005. Supply Chain Management und Logistik. Optimierung, Simula-
tion, Decision Support. Heidelberg: Physica-Verlag. 

Habenicht, W., Scheubrein, B. and Scheubrein, R., 2003. Multi-Criteria- und Fuzzy-
Systeme in Theorie und Praxis. Wiesbaden: Deutscher Universitätsverlag. 

Hellingrath, B. and Lechtenberg, S., 2019. Applications of Artificial Intelligence in 
Supply Chain Management and Logistics: Focusing Onto Recognition for Supply 
Chain Execution. In: Bergener, K., Räckers, M. and Stein, A. (Eds.), 2019. The Art 
of Structuring. Bridging the Gap between Information Systems Research and 
Practice, Cham: Springer International Publishing, pp. 283–296. 

Hirsch, B.E., Kuhlmann, T., and Schumacher, J., 1996. Multimodal Logistic Chain 
Simulation for Strategic Decision Making. In: Jávaor, A., Lehmann, A. and Mol-
nár, I. (Eds.), 1996 .Proceedings of the 1996 European Simulation Multiconfer-
ence. 

Jaber, M.Y., Glock, C.H. and El Saadany, A.M.A., 2013. Supply chain coordination 
with emissions reduction incentives. International Journal of Production Re-
search, 51(1), pp. 69–82. 

Krieger, C. and Sackmann, D., 2018. Soziale Nachhaltigkeit im Supply Chain Design. 
Nachhaltige Impulse für Produktion und Logistikmanagement, pp. 167–176. 

Kuhn, A., Wagenitz, A. and Klingebiel, K., 2010. Praxis Materialflusssimulation. In: 
Wolf-Knuthausen, H. (Ed.), 2010. Jahrbuch Logistik 2010. Korschenbroich: Free 
Beratung 

Lee, A.H.I., Kang, H.-Y., Ye, S.-J. and Wu, W.-Y., 2018. An Integrated Approach for Sus-
tainable Supply Chain Management with Replenishment, Transportation, and 
Production Decisions. Sustainability, 10(11), p. 3887.  

Longo, F., 2012. Sustainable supply chain design: an application example in local 
business retail. SIMULATION, 88(12), pp. 1484–1498.  



296 Lucas Schreiber 

 

März, L. and Krug, W., 2011. Kopplung von Simulation und Optimierung. Simulation 
und Optimierung in Produktion und Logistik. Praxisorientierter Leitfaden mit 
Fallbeispielen. Berlin, Heidelberg: Springer, pp. 41–45. 

März, L., Krug, W., Rose, O. and Weigert, G., 2011. Simulation und Optimierung in 
Produktion und Logistik. Praxisorientierter Leitfaden mit Fallbeispielen. Berlin, 
Heidelberg: Springer. 

Mohammadi, M., Torabi, S.A. and Tavakkoli-Moghaddam, R., 2014. Sustainable hub 
location under mixed uncertainty. Transportation Research Part E: Logistics 
and Transportation Review, 62, pp. 89–115.  

Musavi, M. and Bozorgi-Amiri, A., 2017. A multi-objective sustainable hub location-
scheduling problem for perishable food supply chain. Computers & Industrial 
Engineering, 113, pp. 766–778.  

Paksoy, T., Çalik, A., Kumpf, A. and Weber, G.-W., 2019b. A New Model for Lean and 
Green Closed-Loop Supply Chain Optimization. Lean and Green Supply Chain 
Management. Optimization Models and Algorithms. Cham: Springer Interna-
tional Publishing, pp. 39–73. 

Paksoy, T., Weber, G.-W. and Huber, S., 2019a. Lean and Green Supply Chain Man-
agement. Optimization Models and Algorithms. Cham: Springer International 
Publishing. 

Parlings, M., Cirullies, J. and Klingebiel, K., 2013. A literature-based state of the art 
review on the identification and classification of supply chain design tasks. Dis-
ruptive supply network models in future industrial systems: configuring for re-
silience and sustainability, Cambridge. 

Parlings, M., Motta, M. and Sprenger, P., 2015. Domänenspezifische Sprache für ein 
simulationsunterstütztes Supply Chain Design. Simulation in production and 
logistics. Stuttgart: Fraunhofer Verl. 

Priyan, S., 2019. Optimal Inventory Strategies for Reducing Carbon Emissions 
Through Mathematical Model. Aspects in Mining & Mineral Science, 2(5). 

Reeker, C., Hellingrath, B. and Wagenitz, A., 2011. Bewertungsansatz zur ökologi-
schen Gestaltung automobiler Logistiksysteme im Werksumfeld von Produkti-
onsstandorten. In: Bogaschewsky, R. (Ed.), 2011. Supply Management Research. 
Wiesbaden: Gabler Verlag / Springer Fachmedien, pp. 139–168. 



       Optimization and Simulation for Sustainable Supply Chain Design       297 

 

Rennemann, T., 2007. Logistische Lieferantenauswahl in globalen Produktionsnetz-
werken. Rahmenbedingungen, Aufbau und Praxisanwendung eines kennzah-
lenbasierten Entscheidungsmodells am Beispiel der Automobilindustrie. Wies-
baden: Deutscher Universitäts-Verlag. 

Rose, O. and März, L., 2011. Simulation. Simulation und Optimierung in Produktion 
und Logistik. Praxisorientierter Leitfaden mit Fallbeispielen. Berlin, Heidelberg: 
Springer-Verlag, pp. 13–19. 

Rösler, O.M., 2003. Gestaltung von kooperativen Logistiknetzwerken. Wiesbaden: 
Deutscher Universitätsverlag. 

Schuh, G. and Ünlü, V., 2012. Decision-Making Model for Cost Reduction Methods in 
Supply Chains. In: Blecker, T., Kersten, W. and Ringle, C.M. (Eds.), 2012. Pioneer-
ing supply chain design. A comprehensive insight into emerging trends, tech-
nologies and applications. Lohmar: Josef Eul Verlag. 

Seidel, T., 2009. Ein Vorgehensmodell des softwareunterstützten Supply Chain De-
sign. Dortmund: Verl. Praxiswissen. 

Simchi-Levi, D., Kaminsky, P. and Simchi-Levi, E., 2011. Designing and managing the 
supply chain. Concepts, strategies, and case studies. Boston, Mass.: McGraw-
Hill/Irwin. 

Srivastava, S.K., 2007. Green supply-chain management: A state-of-the-art litera-
ture review. Int J Management Reviews, 9(1), pp. 53–80.  

Torğul, B. and Paksoy, T., 2019. A New Multi Objective Linear Programming Model 
for Lean and Green Supplier Selection with Fuzzy TOPSIS. Lean and Green Sup-
ply Chain Management. Optimization Models and Algorithms. Cham: Springer 
International Publishing, pp. 101–141. 

Tsao, Y.-C., Thanh, V.-V., Lu, J.-C. and Yu, V., 2018. Designing sustainable supply 
chain networks under uncertain environments: Fuzzy multi-objective program-
ming. Journal of Cleaner Production, 174, pp. 1550–1565.  

VDI 2014, 2014. VDI Richtlinie 3633 Blatt 1: Simulation von Logistik-, Materialfluss- 
und Produktionssystemen. 

Wilke, J., 2012. Supply Chain Koordination durch Lieferverträge mit rollierender 
Mengenflexibilität. Wiesbaden: Gabler Verlag. 



298 Lucas Schreiber 

 

Yu, M.-C. and Su, M.-H., 2017. Using Fuzzy DEA for Green Suppliers Selection Consid-
ering Carbon Footprints. Sustainability, 9(4), p. 495.  

 


	Optimization and Simulation for Sustainable
	Optimization and Simulation for Sustainable



