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Abstract:  In the context of increasing environmental regulations and operational volatility, the development of 

sustainable and resilient supply chains has become a strategic imperative for logistics companies. This study 

presents a simulation-based methodology for evaluating and optimizing the environmental and economic 

performance of a real-world supply chain operated by FTP, a transport company active in the Polish market. 

Using the AnyLogistix platform, a digital twin of the existing logistics network was constructed and 

analyzed through a series of simulation experiments to assess key performance indicators — including 

revenue, cost, profit, and CO₂ emissions. The initial analysis revealed a significant environmental footprint, 

prompting the application of Greenfield Analysis to reconfigure warehouse locations with a focus on 

minimizing emissions. A follow-up simulation of the redesigned network demonstrated an 18% reduction in 

both costs and CO₂ emissions, and a 97% increase in profit, with revenue remaining constant. Despite 

limitations related to data granularity and the use of abstract emission units, the findings confirm the utility 

of simulation modeling as a decision-support tool for balancing environmental objectives and business 

performance in supply chain design. The methodology can be further enhanced through integration with 

real-time data and intelligent optimization techniques.
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1 INTRODUCTION 

In the face of escalating global challenges — from 

climate change to geopolitical disruptions — the 

need to design supply chains that are not only 

efficient but also sustainable and resilient has 

become paramount. Transportation and logistics 

systems, which form the backbone of global supply 

chains, are increasingly under pressure to reduce 

their environmental impact while maintaining high 

levels of service, adaptability, and economic 

viability (Sokolova,  Ivannikova,  Cherednichenko,  

2024). Sustainability, broadly defined as meeting 

present needs without compromising future 

generations, now serves as a guiding principle in the 

transformation of logistics networks (Chayka-

Petegyrych, 2020). However, aligning supply chain 

operations with environmental and social goals 

remains a complex task, especially when balancing 

carbon emissions, cost-efficiency, and service 

reliability. 

Despite growing commitments to green logistics, 

many supply chains remain vulnerable to 

disruptions, resource inefficiencies, and excessive 

emissions. The transition towards sustainable and 

resilient logistics requires not only new technologies 

and business practices, but also new tools for 

analysis and decision-making. In this context, 

simulation modeling has emerged as a powerful 

approach for evaluating and optimizing various 

system’s performance under varying scenarios 

(Cherednichenko,  Ivannikova,  Sokolova,  

Ostroumov,  Sushchenko,  Averyanova,  Zaliskyi,  

Solomentsev,  Bezkorovainyi,  Holubnychyi,  

Kuznetsov,  Bovdui,  Nikitina,  Voliansky,  2025). It 

enables decision-makers to replicate real-world 

logistics operations in a virtual environment, analyze 

trade-offs between competing objectives, and 

explore the impacts of strategic changes — such as 

fleet reconfiguration, routing adjustments, or 

environmental constraints — before their 

implementation (Gülmez, Denktaş-Şakar, 2024). 

Simulation modeling also provides a valuable 

framework for integrating environmental indicators 

such as CO₂ emissions into the core of supply chain 

design. This supports the development of more 

informed, data-driven strategies that can withstand 

external shocks and adapt to shifting market or 

regulatory conditions (Liu, Shirakashi, Kamiebisu, 

Nishi, Matsuda, 2023). Moreover, designing a 

supply chain that is both sustainable and resilient 

involves navigating a landscape of uncertainty — 

from demand fluctuations to fuel price volatility — 

which further reinforces the need for dynamic, 

scenario-based modeling techniques. 

In particular, modern supply chain design is 

challenged by the growing interdependence between 

transport modes, the need for rapid decision-making 

in volatile environments, and the integration of 

digital technologies such as real-time monitoring, 

AI-based optimization, and predictive analytics. As 

companies expand into new markets, they must 

evaluate not only operational costs but also 

environmental trade-offs and risk exposure across 

the entire logistics network. Developing supply 

chains that can flexibly respond to disruptions while 

minimizing emissions and maintaining profitability 

is no longer an option but a necessity in the era of 

sustainable development (Karmaker, Al Aziz, 

Ahmed, Misbauddin, Moktadir, 2023). 

2 LITERATURE REVIEW 

The effective functioning of a supply chain is 

traditionally based on the principles of integration, 

coordination, and optimization, which are 

implemented through information systems and 

networked technologies. These principles aim to 

reduce operational costs, enhance overall efficiency, 

and ultimately maximize profits across all supply 

chain stages — from sourcing to distribution. In 

logistics practice, supply chains link suppliers with 

manufacturers, raw material warehouses with 

production facilities, and finally, manufacturers with 

end consumers (Ridwan Andi Purnomo,  Darma 

Wangsa, Rizky,  Ahmad Jauhari,  Zahria,  2022). 

Therefore, introducing energy-efficient and 

environmentally friendly solutions within individual 

nodes of the supply chain not only optimizes 

operations but also strengthens the chain’s overall 

sustainability. 

In the transport and logistics sector, sustainable 

supply chains are increasingly seen as strategic 

assets — tools that can improve risk management, 

reduce ecological footprints, and enhance the 

corporate reputation of logistics enterprises, 

including those operating in air transport. While air 

transport offers unmatched delivery speed, its 

relatively high environmental impact and cost 

intensity continue to challenge its competitiveness 

against other modes. In response, a growing body of 

research has focused on methods to improve the 

sustainability and reliability of air transport systems. 

Scholars have proposed a variety of innovative 

solutions, including the development of “green” 

airport logistics infrastructures.  The literature also 
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highlights the critical role of risk assessment in 

multimodal and intermodal transportation systems. 

Researchers have developed comprehensive models 

to evaluate both external (e.g., environmental 

disruptions) and internal (e.g., technical failures) 

risks that can affect safety and continuity in logistics 

operations.  

Another dimension of supply chain sustainability 

involves infrastructure planning. For example, 

studies on the development of transportation 

interchanges in urban areas such as Kyiv 

demonstrate the influence of infrastructure 

modernization on traffic flow, network capacity, and 

congestion mitigation. These findings underscore the 

necessity of aligning infrastructure strategies with 

broader supply chain design to ensure system-wide 

resilience and operational fluidity. 

However, a critical gap remains in the current 

academic discourse: most existing works address 

isolated components of air transport systems and fail 

to holistically integrate them within sustainable 

supply chain frameworks. The fragmented nature of 

these studies limits their practical applicability in 

real-world logistics networks (Kharazishvili,  

Lyashenko,  Bugayko,  Ustinova,  Shevchenko,  

Kalinin,  2023). 

For companies, especially those operating in 

highly competitive and volatile markets, the ability 

to design and manage sustainable and resilient 

supply chains is not merely a matter of regulatory 

compliance or corporate responsibility — it is a key 

factor of long-term survival and success. Such 

supply chains enable firms to adapt more flexibly to 

external shocks (e.g., geopolitical instability, 

pandemics, fuel price volatility), reduce operating 

costs through efficiency gains, access new 

environmentally conscious markets, and meet the 

growing expectations of stakeholders regarding 

carbon transparency and ethical sourcing. Therefore, 

integrating simulation modeling and sustainability 

principles into supply chain design is both a business 

imperative and a strategic advantage in the modern 

logistics landscape. 

3 THE AIM AND OBJECTIVES 

OF THE STUDY 

The aim of this study is to develop and apply a 

simulation-based approach for designing a 

sustainable and resilient transport supply chain, 

using a real-world case of a logistics company FTP’s 

operations in Poland, with a focus on minimizing 

carbon emissions while maintaining economic 

efficiency. 

The objectives of the study are to: 

●  analyze the current structure and 

performance indicators (costs, profit, co₂ emissions) 

of the company’s supply chain; 

●  develop a simulation model that reflects 

the existing operational configuration using 

appropriate digital tools; 

●  identify key inefficiencies and 

environmental impact factors within the supply 

chain. 

●  design and test optimization scenarios 

aimed at reducing emissions and improving 

performance. 

●  compare simulation results “before” and 

“after” optimization to evaluate potential benefits; 

●  provide practical recommendations for 

enhancing the sustainability and resilience of 

transport supply chains through simulation 

modeling. 

4 METHODS  

To achieve the objectives of this study, a 

simulation-based experimental approach was applied 

using the AnyLogistix software platform. 

AnyLogistix is a specialized tool for designing, 

analyzing, and optimizing supply chains, which 

integrates discrete-event simulation, agent-based 

modeling, and optimization techniques. Its 

capabilities allow for the detailed modeling of 

logistics networks, including transportation flows, 

inventory policies, and operational constraints, 

making it particularly suitable for assessing the 

dynamic behavior of supply chains under varying 

conditions. 

The research involved constructing a digital twin 

of the real-world supply chain of the FTP transport 

company, recently expanded to the Polish market. 

The initial phase of the modeling process focused on 

replicating the company’s existing logistics 

configuration, including warehouses, transportation 

routes and service policies. 

Table 1 presents the average annual demand and 

geographic locations of anonymized clients within 

the company’s supply chain network. A total of 53 

clients are included in the simulation model, each 

representing an individual demand node contributing 

to the overall logistics flow. These data serve as the 

foundation for modeling freight volumes, 

distribution routes, and service levels across the 

network. 
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Table 1: Input data on the locations and average annual 

demand of the clients of the FTP company. 

Demand 

ID 
Customer 

Order 

processi

ng, days 

Demand, 

m3 per 

year 

Demand 1 
Warsaw 

Customer 
5 6 

Demand 2 Łódź Customer 5 768755 

Demand 3 Kraków Customer 5 755050 

Demand 4 
Wrocław 

Customer 
5 634893 

Demand 5 Poznań Customer 5 570352 

Demand 6 Gdańsk Customer 5 461865 

Demand 7 
Szczecin 

Customer 
5 407811 

Demand 8 
Bydgoszcz 

Customer 
5 366452 

Demand 9 Lublin Customer 5 360044 

Demand 
10 

Katowice 
Customer 

5 317316 

Demand 

11 

Białystok 

Customer 5 291855 

Demand 
12 Gdynia Customer 5 253730 

… … … … 

Demand 

41 

Zielona Góra 

Customer 5 118433 

Demand 
42 Tarnów Customer 5 117799 

Demand 

43 

Chorzów 

Customer 
5 113430 

Demand 
44 

Kalisz Customer 5 108759 

Demand 

45 

Koszalin 

Customer 
5 107450 

Demand 
46 

Legnica Customer 5 106033 

Demand 

47 

Bemowo 

Customer 
5 102393 

Demand 
48 

Grudziądz 
Customer 

5 99486 

Demand 

49 
Słupsk Customer 5 98608 

Demand 
50 

Jaworzno 
Customer 

5 96541 

Demand 

51 

Jastrzębie Zdrój 

Customer 
5 95813 

Demand 
52 

Ochota Customer 5 93192 

Demand 

53 

Praga Północ 

Customer 
5 93192 

 

The company's logistics network includes five 

main distribution warehouses located in key Polish 

cities (fig. 1): Warsaw, Łódź, Kraków, Wrocław, 

and Poznań. These facilities serve as central hubs for 

managing deliveries across the central, southern, and 

western regions of the country. Their geographic 

distribution was incorporated into the simulation 

model to analyze the efficiency and sustainability of 

the current supply chain configuration. 

According to the company's internal data, CO₂ 

emissions from transportation were recorded at a 

rate of 0.09 per cubic meter of cargo transported, 

accounting for the transportation distance. Similarly, 

the transportation costs were estimated at 0.05 USD 

per cubic meter, also distance-adjusted. These 

parameters were incorporated into the simulation 

model to evaluate the environmental and economic 

performance of the current supply chain 

configuration (fig. 2). 

 

 

Figure 1: Geographic layout of the company's supply 

chain network in Poland visualized in the AnyLogistix 

simulation environment. 

 

Figure 2: Emission and cost parameters per cubic meter of 

transported cargo based on company data, integrated into 

the AnyLogistix simulation model. 

To evaluate the performance of the existing 

supply chain configuration, the “Simulation” 

experiment module in AnyLogistix was used. This 

functionality enables time-based modeling of 

logistics operations under real-world conditions, 

capturing dynamic interactions between supply 

nodes, distribution centers, and clients. The 

experiment was configured to simulate the 

company’s supply chain activity over a one-year 

operational horizon. 

By replicating the actual logistics flows and 

incorporating transportation costs and CO₂ emission 

factors based on distance and volume, the simulation 

generated key performance indicators, including 

total revenue, operational costs, profit margin and 

834



DOI: 10.63550/ICEIP.2025.62.25.119 

 

4 

 

carbon emissions (fig. 3). It is important to note that 

in AnyLogistix, CO₂ emissions are expressed in 

abstract units rather than in standard physical 

measurements. These baseline results serve as a 

reference point for further optimization and scenario 

analysis, providing quantitative insight into the 

economic and environmental efficiency of the 

company's logistics network.  

 

 

Figure 3: Simulation results of the company’s one-year 

supply chain performance in AnyLogistix, showing 

revenue, costs, profit, and CO₂ emissions under baseline 

conditions. 

For greater clarity and visual interpretability, the 

simulation results were further illustrated through a 

series of separate charts. These visualizations allow 

for a detailed comparison of key performance 

indicators (fig. 4). 

 

 

Figure 4: Visualization of simulation results and key 

performance indicators before optimization experiment. 

The simulation results indicate a significant 

volume of CO₂ emissions generated by the 

company’s logistics operations. In light of this, the 

next step in the study involved conducting an 

optimization experiment aimed at reducing carbon 

emissions while ensuring that customer demand 

remains fully satisfied. This approach allows for the 

identification of more environmentally sustainable 

supply chain configurations without compromising 

service levels. 

 5 RESULTS 

To redesign the supply chain network with a focus 

on environmental sustainability, the Greenfield 

Analysis (GFA) tool within the AnyLogistix 

platform will be employed. This analytical method is 

used to determine optimal locations for distribution 

centers based on customer demand, geographical 

distribution, and logistics constraints. 

In this study, Greenfield Analysis will be 

extended to incorporate environmental criteria, 

particularly CO₂ emissions associated with 

transportation distances. By identifying alternative 

warehouse locations that reduce total transport 

mileage and, consequently, emissions, the analysis 

will support the development of a supply chain 

configuration that is both operationally efficient and 

ecologically responsible. 

The results of the GFA experiment will serve as 

the foundation for building a revised simulation 

model, which will be used to compare key 

performance indicators — such as costs, emissions, 

and service levels — against the original 

configuration. 

The interface of the Greenfield optimization 

experiment is presented in fig. 5. In this experiment, 

it was decided to maintain five distribution centers, 

preserving the structural integrity of the supply chain 

while selecting alternative facility locations to 

improve overall efficiency and reduce transport-

related CO₂ emissions. To support this goal, CO₂ 

emissions were explicitly incorporated into the 

objective function (fig. 6). This enabled the model to 

assess potential warehouse placements not only in 

terms of proximity to demand points and logistical 

performance, but also with consideration of their 

environmental impact. By integrating emissions data 

into the decision-making process, the redesigned 

supply chain aims to achieve a more sustainable and 

balanced configuration that minimizes the total 

carbon footprint of logistics operations without 

compromising service quality. 

 

 

Figure 5: Interface of the GFA experiment in AnyLogistix 

for supply chain reconfiguration. 
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Figure 6: Objective function setup incorporating CO₂ 

emissions in the model. 

Accordingly, the newly identified optimal 

warehouse locations resulting from the Greenfield 

Analysis are presented in Table 2. These locations 

form the basis of the redesigned supply chain 

configuration aimed at improving environmental and 

operational performance. 

Table 2: Optimized warehouse locations based on GFA 

results in AnyLogistix. 

Name Latitude Longitude 

GFA DC 52,21133 20,99354 

GFA DC 2 54,35205 18,64637 

GFA DC 3 51,1 17,03333 

GFA DC 4 50,27113 19,10242 

GFA DC 5 52,48292 16,90529 

 

The next step involved conducting a Simulation 

experiment to evaluate the reconfigured supply 

chain based on the same set of key performance 

indicators: revenue, costs, profit, and CO₂ emissions 

(fig. 7). This allowed for a direct comparison with 

the baseline scenario, providing insights into the 

effectiveness of the redesigned network in terms of 

both economic performance and environmental 

impact. 

 

Figure 7: Objective function setup incorporating CO₂ 

emissions in the model. 

To enhance clarity and support more intuitive 

interpretation, the simulation results were visualized 

through a set of individual charts (fig. 8). These 

graphical representations provide a clear breakdown 

of key performance indicators — including revenue, 

costs, profit, and CO₂ emissions — and facilitate a 

detailed comparison between the supply chain’s 

performance before and after optimization.  

Additionally, percentage-based comparisons 

were calculated to quantify the relative 

improvements or trade-offs across each indicator, 

offering a deeper insight into the impact of the 

redesigned logistics configuration (fig. 9). 

 

Figure 8: Visualization of simulation results and key 

performance indicators after optimization experiment. 

 
 

Figure 9: Comparative analysis of key performance 

indicators before and after supply chain optimization. 

The results clearly demonstrate the effectiveness 

of the redesigned supply chain configuration. While 

revenue remained unchanged, the total cost and CO₂ 

emissions were both reduced by 18%, leading to a 

substantial 97% increase in profit. This confirms that 

incorporating environmental criteria into the 

network design through Greenfield Analysis not 

only improves sustainability but also significantly 

enhances economic performance. 

6 DISCUSSION  

The results of the simulation and Greenfield 

optimization experiments clearly demonstrate the 

potential of using digital tools like AnyLogistix for 

designing more sustainable and efficient supply 
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chain configurations. The integration of 

environmental criteria—particularly CO₂ 

emissions—into the objective function allowed for a 

tangible reduction in carbon footprint without 

compromising profitability or service quality. The 

achieved balance between ecological and economic 

performance suggests that simulation-based 

methodologies can provide a valuable decision-

support framework for transport and logistics 

companies operating under conditions of growing 

environmental pressure. 

However, it is important to recognize that the 

applied methodological approach is not without 

limitations. First and foremost, the accuracy of 

simulation and optimization results depends heavily 

on the availability and quality of input data. In this 

case, certain assumptions were made regarding 

demand distribution, transport costs, and emission 

coefficients, which introduces a degree of 

approximation into the model. Additionally, the CO₂ 

emissions in AnyLogistix are calculated in abstract 

units, not directly convertible into standardized 

measurements (e.g., kilograms or metric tons). This 

limits the model’s interoperability with official 

carbon accounting frameworks and reduces 

comparability with other studies or regulatory 

benchmarks. 

Furthermore, the model assumes relatively stable 

demand and simplified route structures, which may 

not fully capture the volatility and complexity of 

real-world logistics environments. While Greenfield 

Analysis provides valuable insights into potential 

warehouse locations, it does not account for 

dynamic market fluctuations, regulatory constraints, 

or geopolitical risks that can affect transport 

feasibility and cost structures. 

Despite these shortcomings, the applied 

methodology offers a practical and replicable 

framework for strategic logistics planning with an 

environmental focus. It serves as a basis for further 

refinement through more granular datasets, 

integration with real-time tracking systems, or 

hybrid approaches combining simulation with 

artificial intelligence or fuzzy logic. Future studies 

may also explore more accurate emission modeling 

and scenario-based stress testing to enhance the 

resilience dimension alongside sustainability. 

7 CONCLUSIONS 

This study demonstrated the practical application of 

simulation modeling and Greenfield Analysis within 

the AnyLogistix platform for the design of a 

sustainable and resilient supply chain. Based on real-

world data from a transport company operating in 

the Polish market, a digital model of the logistics 

network was created to assess its baseline 

performance. The initial simulation revealed a 

significant environmental footprint, particularly in 

terms of CO₂ emissions, prompting the need for 

optimization. 

Using Greenfield Analysis, a new configuration 

of warehouse locations was proposed, with the 

objective function focused on minimizing carbon 

emissions while preserving customer service levels 

and economic viability. The subsequent simulation 

of the redesigned network showed that, while 

revenue remained constant, both total logistics costs 

and CO₂ emissions decreased by 18%, resulting in a 

97% increase in profit. 

Despite its advantages, the methodology is not 

without limitations. The use of abstract emission 

units in AnyLogistix, the reliance on generalized 

input data, and the static nature of the model 

constrain its precision and applicability in more 

volatile or data-scarce environments. Nevertheless, 

the study confirms that integrating sustainability 

criteria into supply chain planning can yield 

substantial environmental and financial benefits. 

The presented approach can be further extended 

through the use of more detailed datasets, dynamic 

demand modeling, or coupling with advanced AI-

driven tools. This would allow for even more 

accurate and adaptive supply chain strategies, 

aligning operational performance with long-term 

sustainability goals. 
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