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INTELLIGENT SIMULATION-BASED APPROACH TO SUSTAINABLE 
SUPPLY CHAIN DESIGN 

 
Rostyslav Popov. “Intelligent simulation-based approach to sustainable supply chain design”. 

The article is devoted to the study of simulation modeling as a tool for redesigning sustainable and resilient 
supply chains of a cargo transportation company. The paper presents theoretical and practical aspects of using 
digital models to assess the efficiency of a transport and logistics network under conditions of uncertainty, 
increasing environmental requirements, and the need to balance economic and ecological performance. The 
existing supply chain configuration of a company operating in the Polish market was reproduced in a simulation 
environment and analyzed according to key performance indicators, including revenue, logistics costs, profit, 
and CO2 emissions. The role of warehouse location, customer demand distribution, transportation distance, and 
environmental parameters in shaping the overall performance of the logistics network is considered. A baseline 
simulation experiment was conducted to evaluate the current state of the supply chain and identify the main 
directions for its improvement. To redesign the network, Greenfield Analysis was applied while preserving the 
number of distribution centers and maintaining customer service levels. The optimized configuration made it 
possible to reduce total logistics costs and CO2  emissions by 18%, while profit increased by 97% and revenue 
remained unchanged. The results confirm the practical value of simulation modeling as a decision-support tool 
for strategic supply chain planning. Recommendations are provided for the further development of sustainable 
logistics networks based on digital twins, scenario analysis, and the integration of environmental criteria into 
transport decision-making. 

Keywords: supply chain, sustainable logistics, simulation modeling, digital twin, transport system, 
cargo transportation, CO2 emissions, distribution logistics, optimization 

Ростислав Попов. “Інтелектуальний підхід на основі симуляційного моделювання щодо 
проектування сталого ланцюга постачання”. Стаття присвячена дослідженню імітаційного 
моделювання як інструменту реінжинірингу стійких та резильєнтних ланцюгів постачання 
транспортної компанії. У роботі розглянуто теоретичні та практичні аспекти використання 
цифрових моделей для оцінювання ефективності транспортно-логістичної мережі в умовах 
невизначеності, зростання екологічних вимог та необхідності балансування економічних і 
екологічних показників. 
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Існуючу конфігурацію ланцюга постачання компанії, що функціонує на польському ринку, було 
відтворено у середовищі імітаційного моделювання та проаналізовано за ключовими показниками 
ефективності, зокрема доходом, логістичними витратами, прибутком і викидами CO₂. Розглянуто 
вплив розташування складів, структури попиту клієнтів, транспортних відстаней та екологічних 
параметрів на формування загальної ефективності логістичної мережі. 

Проведено базовий імітаційний експеримент для оцінювання поточного стану ланцюга 
постачання та визначення основних напрямів його вдосконалення. Для реінжинірингу мережі 
застосовано підхід Greenfield Analysis із збереженням кількості розподільчих центрів і рівня 
обслуговування клієнтів. Оптимізована конфігурація дозволила знизити сукупні логістичні витрати 
та викиди CO₂ на 18%, водночас прибуток зріс на 97%, а рівень доходу залишився незмінним. 

Отримані результати підтверджують практичну цінність імітаційного моделювання як 
інструменту підтримки прийняття рішень у стратегічному плануванні ланцюгів постачання. 
Надано рекомендації щодо подальшого розвитку стійких логістичних мереж на основі цифрових 
двійників, сценарного аналізу та інтеграції екологічних критеріїв у процеси прийняття 
транспортних рішень. 

Ключові слова: ланцюг постачання, стала логістика, імітаційне моделювання, цифровий 
двійник, транспортна система, вантажні перевезення, викиди CO₂, розподільча логістика, оптимізація 

  
Introduction. The development of 

modern transport and logistics systems 
increasingly takes place under the influence 
of global environmental, economic, and 
geopolitical challenges. Supply chains are 
expected not only to ensure the efficient 
movement of goods, but also to reduce 
environmental impact, maintain service 
reliability, and remain adaptable to 
disruptions [1-3]. In this context, sustainable 
supply chain design becomes a strategic task 
for transport companies, as logistics networks 
must simultaneously meet cost-efficiency 
requirements, customer demand, and carbon 
reduction objectives [4]. 

Traditional approaches to supply chain 
planning are often focused on minimizing 
transportation costs, delivery time, or 
warehouse operating expenses. However, 
such criteria are no longer sufficient in 
conditions where  CO₂ emissions, fuel 
consumption, market volatility, regulatory 
pressure, and risk exposure directly influence 
the long-term competitiveness of logistics 
companies [5, 6]. A transport network that 
appears economically acceptable may still be 
inefficient from the perspective of 
sustainability if the spatial configuration of 

warehouses and customer demand generates 
excessive transport distances and emissions 
[7]. 

This creates the need for decision-
support tools that can reproduce the real 
structure of a supply chain, assess its 
performance under different scenarios, and 
evaluate the consequences of strategic 
changes before their implementation. 
Simulation modeling provides such an 
opportunity, allowing researchers and 
practitioners to analyze the interaction 
between demand nodes, distribution centers, 
transport flows, costs, and environmental 
indicators within a single digital environment 
[4, 6]. The use of digital twins makes it possible 
to move from static planning to scenario-
based evaluation of logistics networks and to 
compare alternative configurations according 
to both economic and ecological criteria. 

At the same time, the practical problem 
remains in how to integrate environmental 
indicators, particularly  CO₂ emissions, into 
the process of supply chain redesign without 
reducing service quality or profitability. For 
cargo transportation companies, this problem 
is especially relevant because warehouse 
location decisions directly affect delivery 
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distances, transport costs, emissions, and the 
resilience of the entire distribution system.  

The problems of sustainable supply chain 
design, environmental optimization of 
transport systems, digital transformation of 
logistics, and simulation-based planning have 
been examined in studies by M. Grygorak [4], 
S. Gülmez, G [6], Z. Liu, R. Shirakashi, T. Nishi, 
M. Matsuda [7], C. L. Karmaker, M. A. Moktadir 
[8], M. M. C. Fritz [9], S. J. Hosseini Dehshiri [10], 
M. Amiri, Y. Kharazishvili, D. Bugayko, V. [21], 
Ya. Korniiko [1, 5, 11], N. Valiavska [5], O. 
Sokolova [2], V. Ivannikova [19], K. 
Cherednichenko [17, 20] and others [3,  6, 12-
16, 18, 22]. These studies form the theoretical 
basis for understanding supply chains as 
complex transport and logistics systems 
whose effective functioning depends on 
integration, coordination, and optimization 
supported by information systems and 
network technologies. Such principles are 
aimed at reducing operational costs, 
improving overall efficiency, and increasing 
profitability across all stages of the supply 
chain – from sourcing and warehousing to 
distribution and delivery [8-14]. 

In the transport and logistics sector, 
sustainable supply chains are increasingly 
considered as strategic tools for reducing 
environmental impact, improving risk 
management, and strengthening the 
competitiveness of logistics enterprises. 
Researchers pay considerable attention to 
green logistics, energy-efficient transport 
solutions, sustainable air transport, and the 
development of “green” airport logistics 
infrastructure [2, 3, 15]. The literature also 
highlights the importance of risk assessment 
in multimodal and intermodal transportation 
systems, including the analysis of external 
disruptions, environmental threats, technical 
failures, and other factors that may affect the 
safety and continuity of logistics operations 
[16-19]. Another important research direction 
concerns infrastructure planning, where the 
modernization of transport interchanges and 
urban transport facilities is considered as a 
factor influencing traffic flow, network 

capacity, congestion reduction, and the 
overall resilience of transport systems [20]. 

A separate group of publications focuses 
on the use of simulation modeling, digital 
models, and optimization tools for analyzing 
complex logistics processes, including airport 
operations, urban transport infrastructure, 
virtual supply chains, delivery route 
optimization, and multimodal transportation 
safety [4, 6, 16-20]. These studies confirm that 
digital modeling provides an opportunity to 
reproduce the structure and behavior of 
transport and logistics systems, evaluate 
alternative scenarios, and assess the 
consequences of managerial decisions before 
their implementation. This is especially 
important for supply chain design, where the 
choice of warehouse locations, route 
configuration, customer allocation, and 
distribution policy directly affects logistics 
costs, service reliability, environmental 
impact, and network resilience. 

Recent studies also pay increasing 
attention to the adaptation of supply chains 
to uncertainty and crisis conditions. Research 
on freight transportation markets, logistics 
infrastructure, artificial intelligence tools, 
integrated planning systems, and digital 
technologies in supply chain management 
emphasizes the importance of intelligent 
decision-support tools, route flexibility, 
multimodal transformation, infrastructure 
capacity, and digital coordination for 
strengthening the resilience and 
competitiveness of transport and logistics 
systems. In particular, the development of AI-
based and digital approaches in supply chain 
management demonstrates the transition 
from traditional automation to more adaptive 
systems capable of supporting decision-
making in dynamic environments. 

However, despite the significant number 
of studies devoted to sustainable logistics, 
freight market transformation, digitalization, 
artificial intelligence, transport modeling, and 
supply chain resilience, applied research that 
jointly combines simulation modeling, digital 
twin logic and the comparative assessment of 
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economic and environmental indicators 
remains limited. Most existing works address 
individual components of transport and 
logistics systems, while their holistic 
integration into sustainable supply chain 
frameworks is still insufficiently developed. In 
particular, limited attention has been paid to 
the redesign of a cargo transportation 
company’s distribution network based on the 
simultaneous evaluation of logistics costs, 
profit, customer demand fulfillment, and  CO₂ 
emissions. In this context, the methodological 
and empirical basis of the present study is 
formed by the digital model of a real transport 
and logistics network developed in 
AnyLogistix, as well as by baseline simulation 
and optimization experiments aimed at 
assessing alternative supply chain 
configurations according to economic and 
environmental performance criteria. 

The aim and objectives of the study. 
The purpose of this article is to develop and 
apply a simulation-based approach to 
designing a sustainable and resilient 
transport supply chain using the real-world 
case of the InariTrans logistics company 
operating in the Polish market [23]. The study 
aims to analyze the current structure and 
performance of the company’s supply chain, 
develop a digital simulation model that 
reflects its existing operational configuration, 
and assess key performance indicators, 
including logistics costs, profit, customer 
demand fulfillment, and CO₂  emissions. The 
article also focuses on identifying the main 
inefficiencies and environmental impact 
factors within the existing network, designing 
and testing optimization scenarios aimed at 
reducing emissions and improving overall 
performance, and comparing the results 
before and after optimization. Based on this 
comparison, practical recommendations are 
developed for enhancing the sustainability 
and resilience of transport supply chains 
through simulation modeling and Greenfield 
Analysis. 

Research methods. The methodological 
basis of the study is the construction and 

experimental testing of a digital model of a 
cargo transportation company’s supply chain. 
The research logic involved several 
consecutive stages: formalization of the 
existing logistics network, preparation of 
input data on customer demand and 
warehouse locations, development of a 
baseline simulation model, evaluation of key 
performance indicators, optimization of the 
distribution network using GFA and 
comparative assessment of the initial and 
redesigned configurations. 

The study was carried out using the 
AnyLogistix software platform, which is 
designed for modeling, analyzing, and 
optimizing supply chains. This tool combines 
the capabilities of discrete-event simulation, 
agent-based modeling, network 
optimization, and scenario analysis. 
Therefore, it is suitable for studying complex 
logistics systems that include geographically 
distributed customers, warehouses, 
transportation flows, demand parameters, 
cost indicators, and environmental 
constraints [24]. In the context of this study, 
AnyLogistix was used not only as a 
visualization environment, but also as a 
decision-support tool for evaluating 
alternative supply chain configurations 
before their possible implementation. 

The object of modeling was the supply 
chain of the InariTrans transport company 
operating in the Polish market [23]. At the first 
stage, a digital model of the existing logistics 
network was developed. The model 
reproduced the current operational 
configuration of the company’s supply chain, 
including the location of distribution 
warehouses, customer demand nodes, 
transportation links, order processing 
parameters, and service conditions. This 
digital representation made it possible to 
analyze how the spatial structure of the 
network affects logistics costs, profit, 
customer demand fulfillment, and CO₂  
emissions. 

The input data for the model included 
information on the geographical location of 
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customers, average annual demand, order 
processing time, warehouse locations, 
transportation cost parameters, and emission 
parameters. Table 1 presents the average 
annual demand and geographic 

characteristics of anonymized customers 
within the company’s supply chain network. 

 
 

 
Table 1. Customer demand nodes and input parameters for the InariTrans supply chain 

simulation model 

Demand ID Customer Order processing, days Demand, m³ per 
year 

Demand 1 Łódź Customer 5 761920 
Demand 2 Kraków Customer 5 747680 
Demand 3 Wrocław Customer 5 642150 
Demand 4 Poznań Customer 5 563480 
Demand 5 Gdańsk Customer 5 468930 
Demand 6 Szczecin Customer 5 398760 
Demand 7 Bydgoszcz Customer 5 371240 
Demand 8 Lublin Customer 5 354880 
Demand 9 Katowice Customer 5 324150 

Demand 10 Białystok Customer 5 286420 
Demand 11 Gdynia Customer 5 259180 
Demand 12 Warsaw Customer 5 271240 

… … … … 
Demand 41 Tarnów Customer 5 120340 
Demand 42 Zielona Góra Customer 5 115980 
Demand 43 Chorzów Customer 5 116210 
Demand 44 Kalisz Customer 5 106930 
Demand 45 Legnica Customer 5 108750 
Demand 46 Koszalin Customer 5 104620 
Demand 47 Bemowo Customer 5 100850 
Demand 48 Słupsk Customer 5 100120 
Demand 49 Grudziądz Customer 5 97640 
Demand 50 Jaworzno Customer 5 98910 
Demand 51 Ochota Customer 5 95120 
Demand 52 Jastrzębie Zdrój Customer 5 93480 
Demand 53 Praga Północ Customer 5 96240 

Source: InariTrans Report [23]. 
 

A total of 53 customer nodes were 
included in the simulation model. Each node 
represented a separate demand point that 
generated cargo flows and influenced the 
overall distribution structure of the network. 
These data formed the basis for modeling 
freight volumes, transport distances, 
customer allocation to warehouses, and 
service levels across the logistics system. 

The existing logistics network of the 
InariTrans company is based on five 

distribution warehouses located in major 
Polish cities: Wroclaw, Krakow, Lodz, Poznan 
and Warsaw (Fig. 1). These warehouses form 
the core of the company’s distribution system 
and serve as the main consolidation and 
dispatch points for customer deliveries. Their 
location reflects the current spatial 
configuration of the supply chain and 
determines how cargo flows are distributed 
across the network. 
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Figure 1 - InariTrans supply chain network in Poland. 

Source: Developed by author in AnyLogistix 
 
In the simulation model, these 

warehouses were represented as distribution 
centers connected with customer demand 
nodes through transportation links. This 
made it possible to reproduce the current 
structure of cargo movement and assess how 
the location of warehouses influences 
delivery distances, logistics costs, CO2 
emissions, and the overall efficiency of the 
network. Since the warehouses are 
concentrated in large economic and transport 
centers, they provide coverage of several key 
regions of Poland, including the central, 
southern, and western parts of the country. 

To evaluate the economic and 
environmental performance of the existing 

configuration, transportation cost and 
emission parameters were included in the 
model. According to the company’s internal 
data [23], the  CO2 emission coefficient for 
cargo transportation was set at 0,09 per m3 of 
transported cargo, taking into account the 
transportation distance. The transportation 
cost coefficient was defined as 0,05 USD per 
m3 also adjusted by distance. These 
parameters were used as input values for the 
simulation experiment and allowed the 
model to calculate the total logistics costs and 
transport-related  CO2 emissions for the 
baseline supply chain configuration (Fig. 2). 
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Figure 2 - Cost and CO₂ emission parameters used in the simulation model. 
Source: Developed by author in AnyLogistix 

 
To assess the baseline performance of the 

existing InariTrans supply chain 
configuration, the Simulation experiment 
module in AnyLogistix was applied. This 
experiment made it possible to reproduce the 
operation of the logistics network over time 
and evaluate the interaction between 
customer demand nodes, distribution 
warehouses, and transportation links. The 
simulation horizon was set to one year, which 
allowed the model to reflect the annual 
structure of cargo flows and compare the 
obtained results with the input demand 
parameters. 

The baseline scenario was formed on the 
basis of the current warehouse locations, 
customer demand volumes, order processing 
conditions, transportation cost coefficient, 
and CO₂ emission coefficient. During the 
experiment, the model calculated the 

movement of cargo through the network and 
generated a set of key performance indicators 
that describe both the economic and 
environmental state of the supply chain. 
These indicators included total revenue, costs, 
profit, and CO₂ emissions (Fig. 3). 

It should be noted that in the AnyLogistix 
environment, CO₂ emissions are represented 
in abstract model units rather than in 
standardized physical units such as kilograms 
or tons. Therefore, in this study, the emission 
indicator is used primarily for comparative 
analysis between the baseline and optimized 
supply chain configurations. The results of the 
baseline simulation form the reference 
scenario for further optimization and make it 
possible to determine how the existing 
logistics network performs before applying 
Greenfield Analysis. 

 

 

Figure 3 - Baseline simulation results of the InariTrans supply chain. 
Source: Developed by author in AnyLogistix 

 
For better interpretation, the baseline 

simulation results were additionally 
presented as separate charts. This format 
makes it easier to analyze each key 
performance indicator individually and to 
visually compare the economic and 

environmental characteristics of the existing 
InariTrans supply chain configuration (Fig. 4). 

The baseline simulation results indicate 
that the current configuration of the 
InariTrans logistics network generates a 
considerable level of transport-related CO₂  
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emissions. Since emissions in the model are 
directly associated with cargo volume and 
transportation distance, this result shows that 
the spatial arrangement of warehouses and 
customer demand nodes has a significant 
impact on the environmental performance of 
the supply chain. 

Therefore, the next stage of the study 
involved an optimization experiment aimed 
at reducing the environmental impact of the 
distribution network while maintaining full 
customer demand fulfillment. 

 

 
Figure 3 - Visualization of InariTrans supply chain performance before optimization 

Source: Developed by author in AnyLogistix 
 

The main idea of this stage was to identify 
a more sustainable configuration of 
warehouse locations that would decrease 
transport distances, reduce CO₂ emissions, 
and preserve the required level of service. This 
approach makes it possible to evaluate 
alternative supply chain structures before 
their practical implementation and to 
determine whether environmental 
improvements can be achieved without 
compromising the operational reliability of 
the logistics system. 

Results. At the optimization stage, the 
study focused on changing the spatial 
configuration of the InariTrans distribution 
network without increasing the number of 
warehouses. For this purpose, the Greenfield 

Analysis module of AnyLogistix was used. This 
module allows the identification of rational 
locations for distribution facilities by 
considering the geography of customer 
demand, transport distances, and selected 
performance criteria. 

Unlike the baseline simulation, which 
reproduced the existing logistics structure, 
the Greenfield experiment was aimed at 
finding a more balanced network 
configuration. The number of distribution 
centers was fixed at five in order to preserve 
the current scale of the company’s logistics 
system and make the comparison with the 
initial scenario methodologically consistent. 
Thus, the optimization did not assess the 
effect of expanding the network, but focused 
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specifically on whether the same number of 
warehouses could be located more efficiently. 

The environmental component was 
included directly in the optimization logic. 
Since the level of CO₂ emissions in the model 
depends on both transported volume and 
distance, warehouse relocation was 
considered as a way to reduce the total 
distance covered by cargo flows. In this sense, 
the objective of the experiment was not 
limited to improving geographical proximity 
to customers, but also involved reducing the 
environmental burden of transportation 

while keeping demand fulfillment 
unchanged. 

The setup of the Greenfield Analysis 
experiment is shown in Fig. 5, while Fig. 6 
presents the objective function parameters 
used for the optimization. The warehouse 
locations obtained as a result of this 
experiment were then used to build an 
updated supply chain model. This revised 
model was simulated again and compared 
with the original configuration using the 
same set of indicators: revenue, logistics costs, 
profit, and CO₂  emissions. 

 
 

 
Figure 5 - Greenfield Analysis experiment for the InariTrans supply chain. 

Source: Developed by author in AnyLogistix 
 

 
Figure 6 - Objective function parameters for supply chain optimization. 

Source: Developed by author in AnyLogistix 
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As a result of the Greenfield Analysis 

experiment, a new set of warehouse locations 
was identified for the InariTrans supply chain. 
These locations represent an alternative 
spatial configuration of the distribution 
network, selected with consideration of 

customer demand geography, transportation 
distances, and environmental criteria. The 
obtained coordinates were used as input 
parameters for the redesigned model of the 
supply chain. 

 
 

Table 2. Warehouse locations for the redesigned InariTrans supply chain 

Name Longitude Latitude 

GFA DC 20.98621 52.21867 
GFA DC 2 18.65494 54.34682 
GFA DC 3 17.02785 51.10642 
GFA DC 4 19.10938 50.26476 
GFA DC 5 16.89762 52.48935 

Source: Developed by author in AnyLogistix  

 
The identified locations formed the basis 

for the optimized supply chain configuration. 
At the next stage, this redesigned network 
was tested using a repeated Simulation 
experiment in AnyLogistix. The purpose of 
this experiment was to evaluate whether the 
new warehouse locations could improve the 

performance of the distribution system 
compared with the baseline scenario. 

The same set of key performance 
indicators was used for both configurations: 
revenue, total logistics costs, profit, and CO₂  
emissions.  

 
 

 
Figure 7 - Key performance indicators of the optimized InariTrans supply chain. 

Source: Developed by author in AnyLogistix 
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This ensured methodological consistency 
and made it possible to directly compare the 
initial and optimized supply chain structures. 
The results of the repeated simulation are 
presented in Fig. 7 and provide a quantitative 
basis for assessing the economic and 
environmental effect of the redesigned 
InariTrans logistics network. 

After the optimization experiment, the 
obtained simulation results were additionally 
presented in the form of separate charts to 

improve their visual clarity and facilitate 
interpretation (Fig. 8). Such visualization 
makes it possible to examine each key 
performance indicator individually, including 
revenue, total logistics costs, profit, and CO₂  
emissions, and to compare the performance 
of the InariTrans supply chain before and after 
the redesign of the distribution network. 

 
 

 

 
Figure 8 - Key performance indicators of the optimized InariTrans supply chain. 

Source: Developed by author in AnyLogistix 
 
To provide a more detailed assessment of 

the optimization effect, percentage-based 
comparisons were also calculated for each 
indicator. This made it possible to quantify the 
relative changes in the economic and 
environmental performance of the supply 
chain and to identify the scale of 

improvements achieved through the revised 
warehouse configuration. The results of this 
comparative analysis are presented in Fig. 9 
and provide additional insight into the 
practical effect of the optimized logistics 
network. 
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Figure 9 - Changes in supply chain performance after optimization. 

Source: Developed by author in AnyLogistix 
 
The comparative results confirm that the 

redesigned configuration of the InariTrans 
supply chain provides a positive economic 
and environmental effect. Revenue remained 
unchanged, which indicates that the 
optimized network preserved the same level 
of customer demand fulfillment. At the same 
time, total logistics costs decreased by 18%, 
while CO₂ emissions were also reduced by 
18%. As a result, profit increased by 97% 
compared with the baseline configuration. 
These results demonstrate that the 
integration of environmental criteria into the 
process of supply chain redesign can 
simultaneously support cost reduction, 
emission reduction, and improvement of 
financial performance. 

Conclusion. This study presented a 
simulation-based approach to redesigning 
the supply chain of the InariTrans cargo 
transportation company with consideration 
of economic efficiency and environmental 
sustainability. Using the AnyLogistix platform, 
a digital model of the existing logistics 

network was developed, including customer 
demand nodes, distribution warehouses, 
transportation links, cost parameters, and CO₂ 
emission indicators. 

The baseline simulation made it possible 
to assess the current state of the supply chain 
and identify the need for network 
optimization. The obtained results showed 
that the existing configuration generated 
significant logistics costs and transport-
related CO₂ emissions, which justified the 
application of Greenfield Analysis for 
redesigning the spatial structure of the 
distribution network. 

As a result of the Greenfield Analysis 
experiment, an alternative configuration of 
five warehouse locations was proposed. The 
number of distribution centers was preserved, 
which allowed the study to evaluate the effect 
of warehouse relocation rather than network 
expansion. The optimized configuration was 
then tested through a repeated simulation 
experiment using the same set of key 
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performance indicators: revenue, total 
logistics costs, profit, and CO₂ emissions. 

The comparison of the baseline and 
optimized scenarios showed that revenue 
remained unchanged, while total logistics 
costs and CO₂  emissions decreased by 18%. 
At the same time, profit increased by 97%. 
These results confirm that the redesign of 

warehouse locations can improve both the 
economic and environmental performance of 
a supply chain without reducing customer 
demand fulfillment. The proposed approach 
demonstrates the practical value of 
simulation modeling as decision-support 
tools for sustainable supply chain redesign. 
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