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ABSTRACT. Background: Transportation systems with multiple modes are effective, economical, and also offer 

environmental benefits. This paper summarizes the contributions of multimodal and intermodal transportation systems to 

the progress in green logistics from 2012 to 2022. A literature survey was conducted to determine the characteristic 

problems in developing sustainable logistics as well as the techniques and approaches to solve them. The study identified 

research gaps, and the outcomes will provide a reference for researchers in future work. Published work regarding 

environmental issues, mode combinations, problem formulations, and solution approaches were evaluated. Research gaps 

were also identified, and the main requirements for future research were proposed. It was shown that intermodal and 

multimodal transportation problems in the field of green logistics have received substantial attention in existing literature. 

However, this is the first literature review of the topic that has considered the body of literature published in the last decade.  

Methods: The researchers conducted a literature survey to gather relevant information on the topic, based on searching 

and reviewing academic papers, research articles, conference proceedings, and other publications related to multimodal 

and intermodal transportation systems and their impact on green logistics from 2012 to 2022. The phases of research method 

followed data collection, data evaluation, identification of research gaps, proposal of main requirements, and offering 

valuable insights for future research endeavors. 

Results: The result of this study highlights the key findings, such as increasing focus on environmental consideration in 

multiple mode of transportation, lack of studies on uncertainty, utilizing sophisticated solution techniques, the need for 

different mode combinations, and integrating technological developments to the transportation systems. 

Conclusions: This study shows that while there is a rich body of literature on multimodal and intermodal transportation 

systems, the focus has predominantly been on economic rather than environmental sustainability. Future research should 

prioritize environmentally sustainable multi/intermodal transportation systems, exploring multi-objective planning, 

integrating different vehicle types, and improving meta-heuristics to tackle real-world logistics challenges.  

 

Keywords: Environmental impact of transportation, Multimodal transportation systems, Intermodal transportation 
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INTRODUCTION 

Supply chain activities, logistics, and 

transportation phases all have a carbon footprint. 

The United States Environmental Protection 

Agency [EPA 2021] has reported that carbon 

dioxide (CO2) emissions mainly originate from 

transportation, industrial, commercial, and 

residential sources. Awareness of environmental 

activities in the supply chain requires effective 

transportation planning within the network, and 

a low carbon footprint should be ensured for all 

operations. There is currently competition 

among companies over the development of 

sustainable logistics strategies. Environmental 

issues, social responsibility, and customer 

intentions have placed pressure on companies to 

increase their green logistics activities. Each 

mode of transport causes different carbon 

emissions. The carbon emission unit used by the 

greenhouse gas (GHG) Protocol is 0.2, 0.05, and 

0.0275 for road, sea, and rail transport, 

respectively [GHG Protocol 2020]. Vehicle 

weights, road slope, and vehicle and ship speeds 

are ignored in the calculations for 100 km. As 

shown in the graphs in Figure 1, the carbon 
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emissions increase linearly as the weight of the 

transported load increases. The mode of transport 

that caused the most carbon emissions was road 

transport, while rail transport was the most 

environmentally sustainable mode of transport.  

 

Fig. 1. CO2 emissions of different modes of transport in freight transportation [Source: The authors]. 

Because of the growth in international trade 

and the increasing demand for international 

logistics, the use of more than one transportation 

mode has become essential for logistics service 

providers in intercontinental freight 

transportation. As shown in Figure 1, avoiding 

road transport in freight transportation 

understandably produces more sustainable 

solutions from the perspective of the 

environment, and mode combinations can 

generate environmentally sustainable services. 

According to [Sahin et al. 2014], combining road 

or railway transportation with a seaway is more 

economical over long distances than road-rail 

combinations. It is obvious that cost analyses 

considering sea-road, road-rail, sea-rail, and 

road-sea-rail combinations can vary based on the 

technical and operational parameters for 

different transportation systems. Researchers 

have discussed the modal shifts required for a 

greener logistics system and have listed case-by-

case consequences [Eng-Larsson and Kohn 

2012, Sahin et al. 2014, Islam et al. 2020, 

Basallo-Triana et al. 2021].  

Although many literature surveys have 

been conducted regarding optimization problems 

or strategic planning for multimodal and 

intermodal transportation, hardly any literature 

surveys have investigated green concerns. This 

paper presents a comprehensive overview of the 

multimodal transportation systems in terms of 

environmental sustainability for the first time. 

The aim of the study was to summarize the 

current green multimodal and intermodal 

transportation literature and to identify any 

research gaps in this field regarding published 

articles related to the problem from 2012 to 2022. 

The study approached the research from a green 

and sustainable logistics perspective. The 

following research questions were addressed to 

achieve the objective of this research: 

1. What are the main issues that need to be 

examined regarding the environmental impacts 

of multiple modes of transportation systems?  

2. How can we determine which of the 

mode combinations considered in existing 

studies of multiple modes of transportation 

systems has the minimal environmental impact?  

3. How do researchers formulate models to 

study multiple modes of transportation system, 

and which approaches have been most widely 

applied to provide solutions?  

4. What are the gaps in the literature that 

offer potential research opportunities?  

The remainder of the paper is organized as 

follows. Section 2 describes the methodology 

used to conduct the study. Section 3 presents an 

overview of the literature. Section 4 reviews the 

available research to identify research gaps and 

future research directions, while Section 5 

presents the study conclusions and summarizes 

the paper. 
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MATERIALS AND METHODS 

Using the realist literature review method to 

identify and systematically evaluate the relevant 

literature, we provide a comprehensive review 

analysis of the available literature on green 

logistics with multiple modes of transportation of 

the last decade. Research materials are gathered 

by searching one or more databases and are 

qualitatively brought together in the review. The 

research was conducted in three phases. The first 

phase established a data collection protocol as 

shown in Figure 3. The second phase classified 

the studies that were identified, and the final 

phase identified gaps in the literature and 

recommended future research directions. First, a 

comprehensive search of papers was carried out 

with specific keywords in the ScienceDirect, 

Web of Science (WoS), and Scopus databases. 

More than ten thousand articles were found on 

those topics. This review focused on multiple 

modes of transportation systems to provide 

effective solutions in terms of green and 

environmentally sustainable freight logistics, as 

discussed in the introduction. Thus, the filtering 

criteria consisted of the following thematic 

keywords within the 'title': ("multimodal 

transportation" OR "intermodal transportation ") 

AND ("green multimodal transportation" OR 

"green intermodal transportation") AND 

("sustainable multimodal transportation" OR 

"sustainable intermodal transportation"). The 

search was refined to the last decade to obtain 

current studies of green and sustainable multiple 

modes of transportation systems to obtain the 

latest findings from the current literature. Papers 

published before 2012 were therefore excluded. 

Many of the studies discarded were largely 

unrelated to the specific subject area and were 

limited in scope. For example, articles that 

focused on synchro-modal transportation and 

real-time fleet tracking were excluded, as were 

any non-peer reviewed papers. Another 

exclusion criterion was language, with the search 

protocol limited to English. Only papers 

categorized as (Research Area = Transportation 

and logistics) in academic journals were 

included. Our research predominantly included 

freight transportation rather than public 

transportation. Recent literature with case studies 

was emphasized to investigate practical 

examples, depending on their relevance in the 

research domain. Duplicated works were also 

excluded. As a result of this exclusion procedure, 

a total of 76 papers were analysed. 

The aim of the filtering process was to 

identify research limitations and gaps in the 

literature in the context of green multimodal and 

intermodal transportation systems. For this 

purpose, the most relevant studies were briefly 

examined using a theoretical framework based 

on the most common characteristics, such as 

objectives, data collection, and solution 

methodologies applied to problems in the last 

decade. 

 

Fig. 2. Data collection protocol in this research. 

RESULTS 

To start our literature survey, we searched 

for existing literature surveys of multimodal 

transportation systems. We found five 

comprehensive literature surveys in which 

researchers investigated the existing literature on 

multimodal and intermodal transportation 

systems using freight planning, network design, 
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and optimization techniques. Table 1 

summarizes the scope of the previous literature 

and illustrates the differences with our research. 

[Lam and Gu 2013] addressed the future research 

directions for intermodal container flows in port 

hinterlands.  [Elbert et al. 2020 and SteadieSeifi 

et al. 2014] identified the traditional strategic, 

tactical, and operational levels of planning and 

design required for a multimodal transportation 

system to ensure sustainable and reliable freight 

transportation. [Baykasoğlu et al. 2019] 

presented a structured overview of how the 

optimal solutions to multimodal transportation 

problems can be obtained. [Archetti et al. 2022] 

summarized the optimization techniques used in 

multimodal and intermodal operations as 

strategic/tactical and operational. A review of the 

effects of mode choices on environmental 

sustainability in freight transportation with more 

than one mode of transport was presented in the 

literature for the first time [Bask and Rajahonka 

2017]. This study and ours were similar in that 

both examined multiple modes of freight 

transportation in terms of their sustainability and 

green logistics.  

Table 1. Summary of previous literature review studies. 

Reference Type of  Scope Timeline N.of articles 

Lam and Gu (2013) Intermodal Literature Review Container Flow Optimization  1972-2012 50 

SteadieSeifi et al. (2014) Multimodal Literature Review of Freight Transportation 

Planning 

2005-2014 78 

Bask and Rajahonka (2017) Both The Role of Environmental Sustainability in 

Mode Choice 

1970-2017 33 

Baykasoğlu et al. (2019) Multimodal Literature Review of  Freight Transportation 
Planning 

1959-2017 283 

Elbert et al. (2020) Multimodal Literature Review of Tactical Network Design  2008-2020 60 

Archetti et al. (2022) Multimodal Literature Review of Optimization 1996-2020 111 

This Study Both Literature Review of Multimodal and Intermodal 

Transportation Systems with Green Concerns 

2012-2022 76 

The distinguishing feature of our study was 

that it did not focus only on mode selection, but 

also provided a general perspective on 

environmental sustainability studies conducted 

during the last ten years. Although there have 

been many literature surveys of green or 

sustainable logistics and multimodal 

transportation systems, our study was the first 

literature survey to combine these subjects to 

consider the environmental sustainability of 

multimodal and intermodal transportation 

systems. As shown in Figure 3, environmental 

awareness became prominent in 2020. Although 

the number of such publications decreased in 

2021, we noticed that publications investigating 

green and sustainable freight transportation in 

multimodal and intermodal transportation 

systems increased over time; however, there 

were fluctuations in the trend line. 

 

Fig. 3. Number of publications per year. 
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The European Commission has approved a 

set of policies to enable Europe's economy and 

society to become “climate-neutral”, i.e., zero 

GHG emissions, by adopting step-by-step targets 

until 2050 [European Commission 2020]. We 

believe that the benefits of mode combination in 

freight transportation, especially after the 

European Green Deal is finalized, will be 

discussed more in the literature going forward. 

Figure 4 shows that Transportation Research Part 

E had the most publications in this area. 

Transportation Research Part D and 

Sustainability had the second-highest number of 

publications, with the Journal of Cleaner 

Production ranking third. The following part of 

this section examines the environmental 

considerations in multimodal and intermodal 

transportation systems, mode combinations, 

model formulations, and solution approaches. 

 
Fig. 4. Publication numbers in academic journals. 

Environmental impacts of intermodal and 

multimodal transportation systems 

To ensure greening and sustainability of the 

supply chain, many studies have considered 

minimizing the environmental impacts of 

logistics activities. The United Nations 

Framework Convention on Climate Change 

[UNCC 2022] has been preparing yearly Climate 

Action Pathways with the aim of shifting to more 

environmentally sustainable and low-carbon 

public and freight transportation modes. 

Removing the dependency on road 

transportation will play a crucial role in meeting 

the zero-carbon target, especially in freight 

transportation [European Commission 2020, 

EEA 2023]. To meet the decarbonization target, 

logistics service providers have taken action with 

combined transportation systems to reduce 

carbon emissions by a reasonable rate, compared 

with road transportation [MSC Shipping 

Company 2022, NovaTrans Greenmodal 

Transport Solutions 2022]. The best way to meet 

this target is to promote multimodal and 

intermodal transportation with sea and rail 

freight modes [EPA 2021, Rail Market News 

2022].  

 The environmental impact of logistics 

activities is not limited to only GHG emissions. 

The other significant issues are water and air 

pollution, toxic waste disposal, and inefficient 

energy usage [OECD 2021]. However, we 

observed that these impacts were rarely 

discussed in the green logistics literature. The 

most reliable and efficient transportation systems 

need to be improved in terms of all their 

environmental impacts. The common 

environmental impacts in the existing literature 

were described using the terms “reducing risk”, 

“greening concerns”, and “sustainability”. In the 

existing sustainable multimodal and intermodal 

transportation literature, we observed that mode 

choice affects sustainability when establishing 

green transportation. The undesired effects of 

road-only transportation can be eliminated by 

clearly switching the transportation mode 

throughout the system. Additionally, 

environmental sustainability is directly related to 

economic and social sustainability and vice 

versa. Existing studies have shown that it is 

possible to reduce emission rates if transportation 

plans include low-emission modes, compared to 

road-only freight transportation. There is a strong 

relationship between distance and carbon 
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emissions. One likely explanation for this finding 

is that combinations of seaway and railway 

transportation are much more effective for long 

distance transport because of the high-volume 

loading capacity and lower fuel costs when trains 

and ships are used for freight transportation. 

Studies of hazmat transportation planning are 

common in the risk-related sustainability 

literature, and they play a vital role in social and 

environmental sustainability. For this reason, 

researchers have considered effective mode 

combinations and network design to reduce total 

transportation risks and the related costs. 

Table 2 summarizes the general 

environmental impacts and gives the definitions 

used in the papers. As can be seen in the table, 

the common goal of all studies was to provide 

sustainability using any means of green 

transportation and therefore minimize the impact 

on the environment.  

Table 2. Environmental impacts in papers. 

 

Mode Combinations 

Mode choice and mode combinations are 

the elements determining the greenness of the 

freight transportation network. Characteristics 

such as transit time, transportation cost, 

operational cost, and environmental performance 

vary from mode to mode. Once the size and type 

of transportation unit have been chosen, mode 

choice or mode combinations must be 

determined. Table 3 summarizes the different 

mode combinations in the literature. The road-

rail combination is the most widely studied 

combination of transportation modes because 

these transportation modes are easy to combine. 

Connections with intermodal ports enable sea-

rail intermodality to be designed. Because door-

to-door deliveries are made possible by trucks, 

road-rail-sea combinations accurately reflect real 

logistics problems.  
 

Studies Focused on Impacts on 

the Environment 
References 

Green Network Design 

(strategic planning that aims to 

reduce carbon emissions) 

Bauer et al. [2010], Bouchery and Fransoo [2015], Inghels et al. [2016], Lam and Gu 

[2016], Demir et al. [2016], Ji and Luo [2017], Dai et al. [2018], Jiang et al. [2020], 

Yang et al. [2021], Farazmand et al. [2022], Ibnoulouaf et al., [2022] 

Green Routing in Transportation 

(defining effectives routes by 

minimizing carbon emissions) 

Zhang M et al. [2015], Sun et al. [2018], Heinold and Meisel [2020], Sun [2020], 

Wang Q et al. [2020] Ziaei and Jabbarzadeh [2021],  Choudhary et al., [2022], Qi et 

al. [2022] 

Green Logistics 

(planning eco-friendly logistics 

services) 

Bitzan and Keeler [2011],  Eng-Larsson and Kohn [2012], Kengpol and Tuammee 

[2015], Kirschstein and Meisel [2015], Rudi et al. [2016],  Hrušovský  et al. [2018], 

Palmer et al. [2018], Zhao et al. [2018], Zhou et al. [2018], Demir et al. [2019], 

Dükkancı et al. [2019], Heinen and Mattioli [2019], Aksoy and Durmuşoğlu [2020], 

Li and Su [2020], Sun et al. [2021], Wang C. et al. [2020], Wang W. et al [2020], 

Shoukat [2022] 

Sustainable Transportation 

(enhancing energy-efficiency and 

environmental sustainability in 

transportation, any means of 

green transportation) 

Lammgard [2012], Baykasoglu and Subulan [2016], Woodburn [2017], Göçmen and 

Erol [2018], Resat and Türkay [2019], Martinez-Lopez et al. [2018], Kumar and 

Anbanandam [2020], Martinez-Lopez and Chica [2020], Ge et al. [2020], Cannas et 

al. [2020], Tamannaei et al. [2021], Golnar and Beškovnik [2022], Ko et al. [2022], 

Okyere et al. [2022] 

Sustainable Network Design 

(strategic planning for 

environmental sustainability) 

Stenius et al. [2018], Maiyar and Thakkar [2019], Tadic et al. [2019], Maiyar and 

Thakkar [2020], Wang et al. [2021], Mohri and Thompson [2022], Taheri and 

Tamannaei, [2022], Wang C et al. [2022] 

Other Environmental Impact  

Zanin et al. [2012], Nesheli et al. [2017], Heinold and Meisel [2018], De Miranda 

Pinto et al. [2018], Pizzol [2019], Zhang X et al. [2019], Wang W et al. [2020],  

Ardliana et al., [2022], Guo et al. [2022] 

Risk  

[Hazardous Materials 

Transportation- HazMat) 

Xie et al. [2012], Assadipour et al. [2015],  Mohammadi et al. [2017], Ke [2020], 

Fattahi and Behnamian [2021], Li S et al. [2021] 
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Table 3. Mode combinations in multimodal and intermodal transportation literature. 

Mode Combinations 

Reference 

Multimodal Transportation 

Network 
Intermodal Trasnportation Network 

Road-Rail 

Xie et al. [2012], Palmer et al. 

[2018], Zhang X et al. [2019], 

Jiang et al. [2020], Ziaei and 

Jabbarzadeh [2021], Farazmand 

et al. [2022], Ko et al. [2022] 

Bitzan and Keeler [2011], Lammgard [2012], Eng-Larsson 

and Kohn [2012], Assadipour et al. [2015], Kirschstein and 

Meisel [2015], Heinold and Meisel [2018], De Miranda 

Pinto et al. [2018], Göçmen and Erol [2018], Sun et al. 

[2018], Maiyar and Thakkar [2019],  Ke [2020], Sun [2020], 

Kumar and Anbanandam [2020], Heinold and Meisel [2020] 

, Cannas et al. [2020], Maiyar and Thakkar [2020], Fattahi 

and Behnamian [2021], Li S et al. [2021], Sun et al. [2021], 

Tamannaei et al. [2021], Ardliana et al., [2022], Ibnoulouaf 

et al. [2022],  Mohri and Thompson [2022], Shoukat [2022], 

Taheri and Tamannaei [2022] 

Road – Sea Yang et al. [2021] 
Pizzol [2019], Dong et al. [2020], Martínez-López and 

Chica [2020], Wang W. et al [2020] 

Road – Inland Water Inghels et al. [2016] Wang et al. [2021] 

Rail – Sea Woodburn [2017] 
Zhao et al. [2018], Aksoy and Durmuşoğlu [2020], Ge et al. 

[2020], Golnar and Beškovnik [2022] 

Rail – Inland Water  Hrušovský et al. [2018] 

Rail – Air  Zanin et al. [2012], Li Z et al. [2021] 

Road – Rail – Sea 

Wang C et al. [2020], Wang Q et 

al. [2020], Okyere et al. [2022], 

Qi et al. [2022] 

Rudi et al. [2016], Baykasoglu and Subulan [2016], Lam 

and Gu [2016], Ji and Luo [2017], Resat and Türkay [2019] 

Road – Rail – Inland 

Water 

Zhang M et al. [2015], Guo et al. 

[2022] 
Demir et al [2016], Demir et al [2019] 

Road – Rail – Air Li Z et al. [2021]  

Road – Inland Water – 

Sea 
 Dai et al. [2018] 

Road – Rail – Sea – 

Pipeline 
Wang C et al. [2022]  

Unspecified 

Kengpol and Tuammee [2015), 

Mohammadi et al. [2017], 

Nesheli et al. [2017], Zhou et al. 

[2018], Dükkancı et al. [2019], 

Heinen and Mattioli [2019], Li 

and Su [2020] 

Bouchery and Fransoo [2015], Chen and Wang [2016], 

Martinez-Lopez et al. [2018], Stenius et al. [2018],Tadic et 

al [2019] 

The majority of the literature considering 

multimodal and intermodal transportation 

includes the most common mode combination of 

rail-road, as well as road-sea, rail-sea, and 

sometimes inland water transportation. 

However, future studies need to consider more 

than two transportation modes, such as road-rail-

sea. Because of the model complexity, there have 

only been a few studies of combinations with air 

transport.  

Model Formulations and Solution 

Approaches 

Logistics service providers and managers 

have focused on reducing logistics costs because 

of the vital role they play in economic systems. 

Based on environmental impacts, many studies 

have developed mathematical models with green 

objective functions. Problems with 

environmental considerations have generally 

developed for more than one objective function, 

as shown in Figure 5. 
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Fig. 5. Objective types. 

The traditional objective function 

considered the economic aspects of logistics. 

Several studies have considered environmental 

effects to be a cost objective or constraint. One 

of the trends appearing in several studies of 

multi/intermodal transportation problems has 

been the introduction of environmental concerns 

as a secondary objective [e.g., Shoukat 2022, 

Taheri and Tamannaei 2022, Wang C. et al. 

2022] to reflect applications in the real transport 

chain. 

Multi-objective mathematical 

programming problems have been developed for 

green multimodal or intermodal transportation 

systems. In terms of sustainable intermodal 

transportation, multi-objective models with more 

than two objective functions have been 

developed to optimize the competition criteria 

defined by managers [Bouchery and Fransoo 

2015, Baykasoğlu and Subulan 2016, Martinez-

López et al. 2018, Heinold and Meiser 2020, 

Wang et al. 2021]. The competitiveness in terms 

of sustainability can be explained as improved 

load planning mechanisms, better service 

selection, and optimized intermodal routes for 

door-to-door transport. The objective functions 

can vary according to the decision-makers 

constrained by environmental issues [Mohri and 

Thompson 2022]. Table 4 details the objective 

structure of these modelling studies.  

DISCUSSION 

This section discusses some challenging 

issues in the available research regarding the 

environmental impacts of multimodal and 

intermodal transportation. The remaining part of 

this section highlights the potential research 

directions through the research gaps. 

Research Gaps and Potential Opportunities 

for Future Studies 

Many researchers have focused on carbon 

emissions; however, logistics activities also have 

other harmful effects on the environment. Future 

studies should therefore explore effective 

methods to handle other negative externalities, 

such as water, air, and noise pollution, or fuel and 

energy consumption.  

For research question 2, the most widely 

studied and preferred mode combination in 

multimodal and intermodal transportation 

systems is the road–rail combination because it 

is more practical than the other combinations. 

There is a lack of research on the integration of 

waterways and airway transportation. The 

combination of three transportation modes, i.e., 

road, rail, and sea, is more effective as the 

transportation distance gets longer. The literature 

has not discussed air transportation with road, 

rail, or maritime transportation. In green 

transportation networks in which multiple 

transportation modes are used, attention needs to 

be given to strategic and operational problems 

where air transportation is included. Despite 

recent technological developments indicating the 

integration of automated and unmanned vehicles 

into intermodal air transportation planning 

[Archetti et al. 2022], there is a knowledge gap 

in the current literature regarding the 

incorporation of air transportation in combined 
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transportation systems. Although this could 

theoretically provide effective solutions for 

decision-makers, it will also be directly 

applicable to real-life problems. For this reason, 

following and integrating technological 

developments into transportation systems is 

important. Mode synchronization and the 

integration of Logistics 5.0 applications require 

more attention for combined transportation 

systems. Therefore, machine learning and data 

mining for logistics management have become 

important topics in operations research.  
 

Table 4. Objective structures by paper. 

Objective Structure Reference Goal 

Single – objective 

Xie et a. [2012] Min Total Link Risk associated with Operational Cost 

Rudi et al. [2016] Min # of Full Truckload with GHG Emission 

Demir et al. [2016], Zhao et al. [2016], 
Hrušovský et al. [2018] 

Min Total Weighted Cost 

Inghels et al. [2016], Ibnoulouaf et al. [2022], 

Okyere et al. [2022], Qi et al. [2022] 
Min Total Cost associated with Environmental Cost 

Mohammadi et al. [2017] Min Total Risk 

Zhang X et al. [2019] Max Benefits of Railway Transportation 

Dükkancı et al. [2019], Li and Su [2020], Yang 

et al. [2021] 
Min Total Emission 

Maiyar and Thakkar [2020] Min Total Relative Regret 

Wang W et al. [2020], Ardliana et al. [2022], 
Taheri and Tamannaei [2022] 

Min Total Cost 

Li Z et al. [2021] Min Total Transportation Cost 

Mohri and Thompson [2022] Max Government’s Profit 

Bi – objective 

Lam and Gu [2016] 
Min Total Unit Cost of Container Flow 

Min Total Transit Time 

Ji and Luo [2017] 
Min Total Cost 

Min Maximum Flow Time 

Assadipour et al. [2015], Ke [2017], Li S et al. 

[2021] 

Min Total Cost 

Min Risk 

Dai et al. [2018], Zhou et al. [2018], Demir et 

al. [20199, Maiyar and Thakkar [2019], Resat 

and Türkay [2019], Dong et al. [2020], Sun 
[2020], Wang Q et al. [2020], Farazmand et al. 

[2022], Shoukat [2022] 

Min Total Cost 

Min Total Emission 

Fattahi and Behnamian [2021] 
Min Total Cost 

Min Population Exposure 

Ziaei and Jabbarzadeh [2021] 
Min Total Cost 

Min Total Risk with Carbon Emission 

Bi – level 

Zhang M et al. [2015] 
Min Transhipment Cost 
Min Service Cost 

Jiang et al. [2020] 
Max Total Flow 

Min Total Cost 

Multi – objective 

Bouchery and Fransoo [2015] 
Min Total Cost 
Min Carbon Emission 

Min Modal Shift 

Baykasoğlu and Subulan [2016] 

Min Total Transportation Cost 

Min Total Transit Time 
Min Total CO2 Emission 

Ko et al. [2022] 

Min Transportation Cost 

Min Social Cost 
Min environmental Cost 

Wang C et al. [2022] 

Max Profit 

Max Energy Security 

Min Emission 

It was also important to consider the 

formulation of problems and the proposed 

solutions in the published studies. There is an 

additional need for the diversification of model 

structures to obtain multi-objective models with 

different objective functions such as maximizing 

profit, service level, and vehicle utilization, 

while minimizing travel time, total distance, lead 

time, and environmental impact. 

The number of studies based on real-life 

applications has grown over time, but the 

proposed formulations and solution techniques 

may be specific and inapplicable. Therefore, 

practical scenarios, formulations, and solutions 
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are required to tackle real business problems. 

Additionally, considering the pollution routing, 

uncertainty in weather conditions, capacity, and 

emission rates some degree of scaling is required. 

Researchers should also focus on fleet 

deployment, repositioning, replacement, and 

sizing. These strategies will reflect real business 

problems if they are combined with different 

types of uncertainty and risk. 

In addition to these knowledge gaps and 

future research directions, there were limitations 

to our study that could also provide opportunities 

for future research. To summarize the latest 

developments in green combined transportation, 

we considered only papers published in the last 

ten years (2012−2022), which obviously 

excluded papers published before 2012. This 

search excluded books, chapters, conference 

proceedings, and articles that were not in 

English, but they may still be relevant studies. 

Considering the review's findings on the trends 

and research gaps in the available literature, 

answers can be provided to the initial research 

questions; however, additional information may 

also be available. This study collected data from 

the aforementioned databases using criteria 

established to ensure the quality of the content. 

This might have resulted in some data loss due to 

the exclusion of studies not indexed in the 

databases. 

Most of the available studies focused on 

network design rather than routing problems. 

Regarding research question 3, the findings 

indicated that routing decisions or fleet planning 

models should be explored. Most of the 

approaches taken in the studies reviewed focused 

on multi-objective optimization techniques. 

However, the proposed formulations and 

solution techniques were often specific and 

inapplicable. For real-world applications, more 

sophisticated methods, such as practical 

scenarios, formulations, and solution techniques 

that can tackle real business problems need to be 

developed. This would enable research question 

4 to be fully answered.  

We observed that researchers have mainly 

focused on time uncertainty in transportation 

planning (i.e., transit, arrival, or departure times). 

Most of the reviewed studies published in the last 

five years showed an increasing interest in 

studying uncertainty in multimodal 

transportation systems. Only a few studies have 

considered uncertainty in demand, capacity, and 

risk. We also noticed that studies considering 

uncertainty have proposed fuzzy, stochastic, or 

robust optimization techniques according to the 

problem structure. Researchers have generally 

developed the chance-constraint method and 

sample average approximation (SAA) in 

addition to metaheuristics in stochastic cases, 

while some authors have developed fuzzy 

optimization techniques in fuzzy cases. 

Simulations, fuzzy optimization, and robust 

optimization techniques are generally used to 

handle uncertainty parameters. 

Furthermore, it is necessary to use 

metaheuristics to solve operational decisions 

such as location, routing, and scheduling 

problems, which are NP-hard problems, 

especially at large scales and in a reasonable 

time. Figure 6 shows the solution methods 

presented in the reviewed literature. Because the 

complexity of the problem increases for large-

scale real-life transportation problems, the 

development of sophisticated solution 

methodologies is required. 

 
Fig. 6. Solution methods. 
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We conclude that there is a need for a 

massive computational effort due to the 

complexity of the problem. Combined 

transportation system planning problems are 

classified as NP-hard problems. Due to the 

natural consequences of problem complexity, 

metaheuristics, and hybrid heuristics, they are 

often proposed in studies for especially large-

scale problems.  

CONCLUSIVE REMARKS 

Capturing and interpreting the trade-offs 

among economic, environmental, and social 

consequences is critical for designing and 

managing an efficient transportation system. 

Thus, researchers, policy-makers, and 

practitioners have paid increasing attention to the 

environmental advantages of transportation 

systems with multiple-transportation modes. In 

this paper, we reviewed the proposed multiple 

modes of transportation systems with a focus on 

their environmental impacts. There is a rich body 

of literature reviewing multimodal and 

intermodal transportation systems because 

researchers have typically paid more attention to 

economic than environmental sustainability. 

There is a need for review studies focusing on 

environmentally sustainable multimodal or 

intermodal transportation systems. We also 

focused on the research gaps to develop a 

theoretical framework for future green 

multimodal and intermodal transportation 

systems. Our study revealed that researchers and 

practitioners are willing to consider 

environmental sustainability goals because 

transportation activities are the leading GHG 

emitter. To address the research gaps 

summarized above, future studies should 

consider multi-objective transportation planning 

that combines different vehicle types, such as 

integrating air transportation with the 

combination of road and seaway transportation. 

The various uncertain parameters should also be 

resolved by improving meta-heuristics for large-

scale real-case logistics problems. Developing 

technologies in the logistics sector with new 

strategies regarding environmental concerns in 

logistics is another interesting research direction 

for future studies. 

 

ACKNOWLEDGMENTS  

This research received no specific grant 

from any funding agency in the public, 

commercial, or not-for-profit sectors. 

REFERENCES 

Aksoy S, and Durmuşoğlu Y. (2019) 

“Improving Competitiveness Level of 

Turkish Intermodal Ports in the Frame of 

Green Port Concept: A Case Study.” 

Maritime Policy and Management 47 (2): 

203–20. 

https://doi.org/10.1080/03088839.2019.168

8876  

Aldridge C. (ed.) (2019) “Category 4: Upstream 

Transportation and Distribution.” GHG 

Protocol - Technical Guidance for 

Calculating Scope 3 Emissions, 2019. 

https://ghgprotocol.org/sites/default/files/sta

ndards_supporting/Chapter4.pdf  

Archetti C, Lorenzo, P, and Grazia Speranza M. 

(2022) “Optimization in Multimodal Freight 

Transportation Problems: A Survey.” 

European Journal of Operational Research 

299(1): 1–20. 

https://doi.org/10.1016/j.ejor.2021.07.031  

Ardliana T, Nyoman Pujawan I, and Nurhadi S. 

(2022) “A Mixed-Integer Linear 

Programming Model for Multiechelon and 

Multimodal Supply Chain System 

Considering Carbon Emission.” Cogent 

Engineering 9(1). 

https://doi.org/10.1080/23311916.2022.204

4589  

Assadipour G, Ke G Y, and Verma M. (2015) 

“Planning and Managing Intermodal 

Transportation of Hazardous Materials with 

Capacity Selection and Congestion.” 

Transportation Research Part E: Logistics 

and Transportation Review 76: 45–57. 

https://doi.org/10.1016/j.tre.2015.02.003  

Balster A, Hansen O, Friedrich H, and Ludwig 

A. (2020) “An Eta Prediction Model for 

Intermodal Transport Networks Based on 

Machine Learning.” Business and 

Information Systems Engineering 62(5): 

403–16. https://doi.org/10.1007/s12599-

020-00653-0  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.1080/03088839.2019.1688876
https://doi.org/10.1080/03088839.2019.1688876
https://ghgprotocol.org/sites/default/files/standards_supporting/Chapter4.pdf
https://ghgprotocol.org/sites/default/files/standards_supporting/Chapter4.pdf
https://doi.org/10.1016/j.ejor.2021.07.031
https://doi.org/10.1080/23311916.2022.2044589
https://doi.org/10.1080/23311916.2022.2044589
https://doi.org/10.1016/j.tre.2015.02.003
https://doi.org/10.1007/s12599-020-00653-0
https://doi.org/10.1007/s12599-020-00653-0


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

714 

Basallo-Triana M J, Vidal-Holguín C. J, and 

Bravo-Bastidas J.J. “Planning and Design of 

Intermodal Hub Networks: A Literature 

Review.” Computers and Operations 

Research 136: 105469. 

https://doi.org/10.1016/j.cor.2021.105469  

Bask A., and Rajahonka M. (2017). The role of 

Environmental Sustainability in the Freight 

Transport Mode Choice. International 

Journal of Physical Distribution and 

Logistics Management,47(7): 560-602. 

https://doi.org/10.1108/ijpdlm-03-2017-

0127  

Baykasoğlu A, and Kemal S. (2016) “A Multi-

Objective Sustainable Load Planning Model 

for Intermodal Transportation Networks 

with a Real-Life Application.” 

Transportation Research Part E: Logistics 

and Transportation Review 95: 207–47. 

https://doi.org/10.1016/j.tre.2016.09.011  

Baykasoğlu A, Kemal S A, Serdar T, and 

Nurhan D. (2019) “A Review of Fleet 

Planning Problems in Single and 

Multimodal Transportation Systems.” 

Transportmetrica A: Transport Science 

15(2): 631–97. 

https://doi.org/10.1080/23249935.2018.152

3249  

Bitzan J D, and Keeler T E. (2011) “Intermodal 

Traffic, Regulatory Change and Carbon 

Energy Conservation in US Freight 

Transport.” Applied Economics 43(27): 

3945–63. 

https://doi.org/10.1080/0003684100374260

3  

Bouchery Y, and Fransoo J. (2015) “Cost, 

Carbon Emissions and Modal Shift in 

Intermodal Network Design Decisions.” 

International Journal of Production 

Economics 164: 388–99. 

https://doi.org/10.1016/j.ijpe.2014.11.017  

Cannas V G, Ciccullo F, Pero M, and Cigolini 

R. (2022) “Sustainable Innovation in the 

Dairy Supply Chain: Enabling Factors for 

Intermodal Transportation.” International 

Journal of Production Research 58(24): 

7314–33. 

https://doi.org/10.1080/00207543.2020.180

9731  

Tsung-Sheng C. (2008) “Best Routes Selection 

in International Intermodal Networks.” 

Computers and Operations Research 35(9): 

2877–91. 

https://doi.org/10.1016/j.cor.2006.12.025  

Chen X, and Xiaojun W. (2016) “Effects of 

Carbon Emission Reduction Policies on 

Transportation Mode Selections with 

Stochastic Demand.” Transportation 

Research Part E: Logistics and 

Transportation Review 90: 196–205. 

https://doi.org/10.1016/j.tre.2015.11.008  

Choudhary R, Siftee R, and Amit A. (2022) 

“Multimodal Routing Framework for Urban 

Environments Considering Real-Time Air 

Quality and Congestion.” Atmospheric 

Pollution Research 13(9): 101525. 

https://doi.org/10.1016/j.apr.2022.101525  

Dai Q, Jiaqi Y, and Dong L. (2018) “Modeling 

a Three-Mode Hybrid Port-Hinterland 

Freight Intermodal Distribution Network 

with Environmental Consideration: The 

Case of the Yangtze River Economic Belt in 

China.” Sustainability 10(9): 3081. 

https://doi.org/10.3390/su10093081  

Dantzig G B, and Ramser J H. (1959) “The 

Truck Dispatching Problem.” Management 

Science 6(1): 80–91. 

https://doi.org/10.1287/mnsc.6.1.80  

De Miranda P, Torres J, Mistage O, Bilotta P, 

and Helmers E. (2018) “Road-Rail 

Intermodal Freight Transport as a Strategy 

for Climate Change Mitigation.” 

Environmental Development 25: 100–110. 

https://doi.org/10.1016/j.envdev.2017.07.00

5  

Demir E, Burgholzer W, Hrušovský M, Arıkan 

E, Jammernegg W, and Van Woensel T. 

(2016) “A Green Intermodal Service 

Network Design Problem with Travel Time 

Uncertainty.” Transportation Research Part 

B: Methodological 93: 789–807. 

https://doi.org/10.1016/j.trb.2015.09.007  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.1016/j.cor.2021.105469
https://doi.org/10.1108/ijpdlm-03-2017-0127
https://doi.org/10.1108/ijpdlm-03-2017-0127
https://doi.org/10.1016/j.tre.2016.09.011
https://doi.org/10.1080/23249935.2018.1523249
https://doi.org/10.1080/23249935.2018.1523249
https://doi.org/10.1080/00036841003742603
https://doi.org/10.1080/00036841003742603
https://doi.org/10.1016/j.ijpe.2014.11.017
https://doi.org/10.1080/00207543.2020.1809731
https://doi.org/10.1080/00207543.2020.1809731
https://doi.org/10.1016/j.cor.2006.12.025
https://doi.org/10.1016/j.tre.2015.11.008
https://doi.org/10.1016/j.apr.2022.101525
https://doi.org/10.3390/su10093081
https://doi.org/10.1287/mnsc.6.1.80
https://doi.org/10.1016/j.envdev.2017.07.005
https://doi.org/10.1016/j.envdev.2017.07.005
https://doi.org/10.1016/j.trb.2015.09.007


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

715 

Demir E, Hrušovský M, Jammernegg W, and 

Van Woensel T. (2019) “Green Intermodal 

Freight Transportation: Bi-Objective 

Modelling and Analysis.” International 

Journal of Production Research 57(19): 

6162–80. 

https://doi.org/10.1080/00207543.2019.162

0363  

Dong B, Christiansen M, Fagerholt K, and 

Chandra S. (2020) “Design of a Sustainable 

Maritime Multi-Modal Distribution 

Network – Case Study from Automotive 

Logistics.” Transportation Research Part E: 

Logistics and Transportation Review 143: 

102086. 

https://doi.org/10.1016/j.tre.2020.102086  

Dükkancı O, Peker M, and Kara B Y. (2019) 

“Green Hub Location Problem.” 

Transportation Research Part E: Logistics 

and Transportation Review 125: 116–39. 

https://doi.org/10.1016/j.tre.2019.03.005  

EEA. (2023). Reducing greenhouse gas 

emissions from heavy-duty vehicles in 

Europe. Retrieved March 7, 2023, from 

https://www.eea.europa.eu/publications/co2

-emissions-of-new-heavy  

Ekol Logistics. (2021). Environmental impact 

and reports - intermodal transportation - ekol 

logistics. Retrieved December 7, 2022, from 

https://www.ekol.com/en/logistics/freight/i

ntermodal/environmental-impact-reports/  

Elbert R, Müller J P, and Rentschler J. (2020) 

“Tactical Network Planning and Design in 

Multimodal Transportation – A Systematic 

Literature Review.” Research in 

Transportation Business and Management 

35: 100462. 

https://doi.org/10.1016/j.rtbm.2020.100462  

Eng‐Larsson, F, and Kohn C. (2012) “Modal 

Shift for Greener Logistics – the Shipper's 

Perspective.” International Journal of 

Physical Distribution and Logistics 

Management 42(1): 36–59. 

https://doi.org/10.1108/0960003121120246

3  

EPA (2021) “SmartWay Program: Promoting 

Supply Chain Sustainability at Ports.” EPA. 

Environmental Protection Agency. 

Accessed December 25, 2021. 

https://www.epa.gov/ports-

initiative/smartway-program-promoting-

supply-chain-sustainability-ports  

European Commission. (2020). A European 

green deal. Retrieved March 6, 2023, from 

https://commission.europa.eu/strategy-and-

policy/priorities-2019-2024/european-

green-deal_en  

Farazmand M, Pishvaee M S, Ghannadpour S F, 

and Ghousi R. (2021) “Green Dynamic 

Multimodal Logistics Network Design 

Problem Considering Financing Decisions: 

A Case Study of Cement Logistics.” 

Environmental Science and Pollution 

Research 29(3): 4232–45. 

https://doi.org/10.1007/s11356-021-15867-

2  

Fattahi Z, and Behnamian J. (2021) “Location 

and Transportation of Intermodal Hazmat 

Considering Equipment Capacity and 

Congestion Impact: Elastic Method and Sub-

Population Genetic Algorithm.” Annals of 

Operations Research 

https://doi.org/10.1007/s10479-021-04201-

1  

Ge J, Shi W, and Wang X. (2020) “Policy 

Agenda for Sustainable Intermodal 

Transport in China: An Application of the 

Multiple Streams Framework.” 

Sustainability 12(9): 3915. 

https://doi.org/10.3390/su12093915  

“Global Greenhouse Gas Emissions Data. 

Greenhouse Gas Emissions,” (2020). 

https://www.epa.gov/environmental-topics  

Golnar M, and Beškovnik B. (2022) “A Multi-

Criteria Approach for Evaluating a 

Sustainable Intermodal Transport Chain 

Affected by the COVID-19 Pandemic.” 

Journal of Marine Science and Engineering 

10(11): 1644. 

https://doi.org/10.3390/jmse10111644  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.1080/00207543.2019.1620363
https://doi.org/10.1080/00207543.2019.1620363
https://doi.org/10.1016/j.tre.2020.102086
https://doi.org/10.1016/j.tre.2019.03.005
https://www.eea.europa.eu/publications/co2-emissions-of-new-heavy
https://www.eea.europa.eu/publications/co2-emissions-of-new-heavy
https://www.ekol.com/en/logistics/freight/intermodal/environmental-impact-reports/
https://www.ekol.com/en/logistics/freight/intermodal/environmental-impact-reports/
https://doi.org/10.1016/j.rtbm.2020.100462
https://doi.org/10.1108/09600031211202463
https://doi.org/10.1108/09600031211202463
https://www.epa.gov/ports-initiative/smartway-program-promoting-supply-chain-sustainability-ports
https://www.epa.gov/ports-initiative/smartway-program-promoting-supply-chain-sustainability-ports
https://www.epa.gov/ports-initiative/smartway-program-promoting-supply-chain-sustainability-ports
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://doi.org/10.1007/s11356-021-15867-2
https://doi.org/10.1007/s11356-021-15867-2
https://doi.org/10.1007/s10479-021-04201-1
https://doi.org/10.1007/s10479-021-04201-1
https://doi.org/10.3390/su12093915
https://www.epa.gov/environmental-topics
https://doi.org/10.3390/jmse10111644


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

716 

Guo X, He J, Lan M, Yu H, and Yan W. (2022) 

“Modeling Carbon Emission Estimation for 

Hinterland-Based Container Intermodal 

Network.” Journal of Cleaner Production 

378: 134593. 

https://doi.org/10.1016/j.jclepro.2022.1345

93  

Göçmen E, and Erol R. (2018) “The Problem of 

Sustainable Intermodal Transportation: A 

Case Study of an International Logistics 

Company, Turkey.” Sustainability 10(11): 

4268. https://doi.org/10.3390/su10114268  

Göçmen E, and Erol R. (2019) “Transportation 

Problems for Intermodal Networks: 

Mathematical Models, Exact and Heuristic 

Algorithms, and Machine Learning.” Expert 

Systems with Applications 135: 374–87. 

https://doi.org/10.1016/j.eswa.2019.06.023  

Heinen E, and Mattioli G. (2019) 

“Multimodality and CO2 Emissions: A 

Relationship Moderated by Distance.” 

Transportation Research Part D: Transport 

and Environment 75: 179–96. 

https://doi.org/10.1016/j.trd.2019.08.022  

Heinold A, and Meisel F. (2018) “Emission 

Rates of Intermodal Rail/Road and Road-

Only Transportation in Europe: A 

Comprehensive Simulation Study.” 

Transportation Research Part D: Transport 

and Environment 65: 421–37. 

https://doi.org/10.1016/j.trd.2018.09.003  

Heinold A, and Meisel F. (2020) “Emission 

Limits and Emission Allocation Schemes in 

Intermodal Freight Transportation.” 

Transportation Research Part E: Logistics 

and Transportation Review 141: 101963. 

https://doi.org/10.1016/j.tre.2020.101963  

Hrušovský M, Demir E, Jammernegg W, and 

Van Woensel T. (2016) “Hybrid Simulation 

and Optimization Approach for Green 

Intermodal Transportation Problem with 

Travel Time Uncertainty.” Flexible Services 

and Manufacturing Journal 30(3): 486–516. 

https://doi.org/10.1007/s10696-016-9267-1  

Ibnoulouafi E M, Oudani M, Aouam T, and 

Ghogho M. (2022) “Intermodal Green P-

Hub Median Problem with Incomplete Hub-

Network.” Sustainability 14(18): 11714. 

https://doi.org/10.3390/su141811714  

Inghels D, Dullaert W, and Vigo D. (2016) “A 

Service Network Design Model for 

Multimodal Municipal Solid Waste 

Transport.” European Journal of Operational 

Research 254(1): 68–79. 

https://doi.org/10.1016/j.ejor.2016.03.036  

Islam Md S, Moeinzadeh S, Ming-Lang T, and 

Kimhua T. (2020) “A Literature Review on 

Environmental Concerns in Logistics: 

Trends and Future Challenges.” 

International Journal of Logistics Research 

and Applications 24(2): 126–51. 

https://doi.org/10.1080/13675567.2020.173

2313  

Ji S-f, and Luo R-j. (2017) “A Hybrid 

Estimation of Distribution Algorithm for 

Multi-Objective Multi-Sourcing Intermodal 

Transportation Network Design Problem 

Considering Carbon Emissions.” 

Sustainability 9(7): 1133. 

https://doi.org/10.3390/su9071133  

Jiang J, Zhang D, Meng Q, and Liu Y. (2020) 

“Regional Multimodal Logistics Network 

Design Considering Demand Uncertainty 

and CO2 Emission Reduction Target: A 

System-Optimization Approach.” Journal of 

Cleaner Production 248: 119304. 

https://doi.org/10.1016/j.jclepro.2019.1193

04  

Ke G. Y. (2020) “Managing Rail-Truck 

Intermodal Transportation for Hazardous 

Materials with Random Yard Disruptions.” 

Annals of Operations Research 309, no. 2 

(2020): 457–83. 

https://doi.org/10.1007/s10479-020-03699-

1  

Kengpol A, and Tuammee S. (2015) “The 

Development of a Decision Support 

Framework for a Quantitative Risk 

Assessment in Multimodal Green Logistics: 

An Empirical Study.” International Journal 

of Production Research 54(4): 1020–38. 

https://doi.org/10.1080/00207543.2015.104

1570  

Kirschstein T, and Meisel F. (2015) “GHG-

Emission Models for Assessing the Eco-

Friendliness of Road and Rail Freight 

Transports.” Transportation Research Part 

B: Methodological 73: 13–33. 

https://doi.org/10.1016/j.trb.2014.12.004  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.1016/j.jclepro.2022.134593
https://doi.org/10.1016/j.jclepro.2022.134593
https://doi.org/10.3390/su10114268
https://doi.org/10.1016/j.eswa.2019.06.023
https://doi.org/10.1016/j.trd.2019.08.022
https://doi.org/10.1016/j.trd.2018.09.003
https://doi.org/10.1016/j.tre.2020.101963
https://doi.org/10.1007/s10696-016-9267-1
https://doi.org/10.3390/su141811714
https://doi.org/10.1016/j.ejor.2016.03.036
https://doi.org/10.1080/13675567.2020.1732313
https://doi.org/10.1080/13675567.2020.1732313
https://doi.org/10.3390/su9071133
https://doi.org/10.1016/j.jclepro.2019.119304
https://doi.org/10.1016/j.jclepro.2019.119304
https://doi.org/10.1007/s10479-020-03699-1
https://doi.org/10.1007/s10479-020-03699-1
https://doi.org/10.1080/00207543.2015.1041570
https://doi.org/10.1080/00207543.2015.1041570
https://doi.org/10.1016/j.trb.2014.12.004


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

717 

Ko S, Choi K, Yu S, and Lee J. (2022) “A 

Stochastic Optimization Model for 

Sustainable Multimodal Transportation for 

Bioenergy Production.” Sustainability 

14(3): 1889. 

https://doi.org/10.3390/su14031889  

Kumar A, and Anbanandam R. (2020) 

“Analyzing Interrelationships and 

Prioritising the Factors Influencing 

Sustainable Intermodal Freight Transport 

System: A Grey-DANP Approach.” Journal 

of Cleaner Production 252: 119769. 

https://doi.org/10.1016/j.jclepro.2019.1197

69  

Lam, J. S. L., and Gu, Y. (2013). Port hinterland 

intermodal container flow optimisation with 

green concerns: a literature review and 

research agenda. International Journal of 

Shipping and Transport Logistics, 5(3), 257-

281. 

Lam J S L, and Gu Y. (2016) “A Market-

Oriented Approach for Intermodal Network 

Optimisation Meeting Cost, Time and 

Environmental Requirements.” International 

Journal of Production Economics 171: 266–

74. 

https://doi.org/10.1016/j.ijpe.2015.09.024  

Lammgård C. (2012) “Intermodal Train 

Services: A Business Challenge and a 

Measure for Decarbonisation for Logistics 

Service Providers.” Research in 

Transportation Business and Management 5: 

48–56. 

https://doi.org/10.1016/j.rtbm.2012.11.001  

Li H F, and Su L. (2020) “Multimodal Transport 

Path Optimization Model and Algorithm 

Considering Carbon Emission Multitask.” 

The Journal of Supercomputing 76(12): 

9355–73. https://doi.org/10.1007/s11227-

019-03103-1  

Li S, Zu Y, Fang H, Liu L, and Fan T. (2021) 

“Design Optimization of a HAZMAT 

Multimodal Hub-and-Spoke Network with 

Detour.” International Journal of 

Environmental Research and Public Health 

18(23): 12470. 

https://doi.org/10.3390/ijerph182312470  

Li Z, Liu Y, and Yang Z. (2021) “An Effective 

Kernel Search and Dynamic Programming 

Hybrid Heuristic for a Multimodal 

Transportation Planning Problem with Order 

Consolidation.” Transportation Research 

Part E: Logistics and Transportation Review 

152: 102408. 

https://doi.org/10.1016/j.tre.2021.102408  

Maiyar LM, and Thakkar J J. (2019) 

“Environmentally Conscious Logistics 

Planning for Food Grain Industry 

Considering Wastages Employing Multi 

Objective Hybrid Particle Swarm 

Optimization.” Transportation Research Part 

E: Logistics and Transportation Review 127: 

220–48. 

https://doi.org/10.1016/j.tre.2019.05.006  

Maiyar LM, and Thakkar J J. (2020) “Robust 

Optimisation of Sustainable Food Grain 

Transportation with Uncertain Supply and 

Intentional Disruptions.” International 

Journal of Production Research 58(18): 

5651–75. 

https://doi.org/10.1080/00207543.2019.165

6836  

Martínez-López A, and Chica M. (2020) “Joint 

Optimization of Routes and Container Fleets 

to Design Sustainable Intermodal Chains in 

Chile.” Sustainability 12(6): 2221. 

https://doi.org/10.3390/su12062221  

Martínez-López A, Sobrino P C, González M C, 

and Trujillo L. (2018) “Optimization of a 

Container Vessel Fleet and Its Propulsion 

Plant to Articulate Sustainable Intermodal 

Chains Versus Road Transport.” 

Transportation Research Part D: Transport 

and Environment 59: 134–47. 

https://doi.org/10.1016/j.trd.2017.12.021  

Mohammadi M, Jula P, and Tavakkoli-

Moghaddam R. (2017) “Design of a Reliable 

Multi-Modal Multi-Commodity Model for 

Hazardous Materials Transportation under 

Uncertainty.” European Journal of 

Operational Research 257(3): 792–809. 

https://doi.org/10.1016/j.ejor.2016.07.054  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.3390/su14031889
https://doi.org/10.1016/j.jclepro.2019.119769
https://doi.org/10.1016/j.jclepro.2019.119769
https://doi.org/10.1016/j.ijpe.2015.09.024
https://doi.org/10.1016/j.rtbm.2012.11.001
https://doi.org/10.1007/s11227-019-03103-1
https://doi.org/10.1007/s11227-019-03103-1
https://doi.org/10.3390/ijerph182312470
https://doi.org/10.1016/j.tre.2021.102408
https://doi.org/10.1016/j.tre.2019.05.006
https://doi.org/10.1080/00207543.2019.1656836
https://doi.org/10.1080/00207543.2019.1656836
https://doi.org/10.3390/su12062221
https://doi.org/10.1016/j.trd.2017.12.021
https://doi.org/10.1016/j.ejor.2016.07.054


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

718 

Mohri S S, and Thompson R. (2022) 

“Designing Sustainable Intermodal Freight 

Transportation Networks Using a Controlled 

Rail Tariff Discounting Policy – the Iranian 

Case.” Transportation Research Part A: 

Policy and Practice 157: 59–77. 

https://doi.org/10.1016/j.tra.2022.01.012  

MSC Shipping Company. (2022). 

Sustainability Report 2021, Global 

Container Shipping Company | MSC. 

Retrieved March 1, 2023, from 

https://www.msc.com/-

/media/files/sustainability/reports/msc_sust

ainability_report_2021.pdf  

Nesheli, M M, Ceder A, Ghavamirad F, and 

Thacker S. (2017) “Environmental Impacts 

of Public Transport Systems Using Real-

Time Control Method.” Transportation 

Research Part D: Transport and 

Environment 51: 216–26. 

https://doi.org/10.1016/j.trd.2016.12.006  

NovaTrans Greenmodal Transport Solutions. 

(2022). “Advantages of the combined 

transport.” Retrieved March 7, 2023, from 

https://novatrans-

greenmodal.eu/en/combined-

transport/advantages  

Okyere S, Yang J, and Adams C A. (2022) 

“Optimizing the Sustainable Multimodal 

Freight Transport and Logistics System 

Based on the Genetic Algorithm.” 

Sustainability 14(18): 11577. 

https://doi.org/10.3390/su141811577  

EPA. (2020) “Overview of Greenhouse Gases. 

Greenhouse Gas Emissions.” 

https://www.epa.gov/ghgemissions/overvie

w-greenhouse-gases  

Palmer, A, Mortimer P, Greening P, Piecyk M, 

and Dadhich P. (2018) “A Cost and CO2 

Comparison of Using Trains and Higher 

Capacity Trucks When UK FMCG 

Companies Collaborate.” Transportation 

Research Part D: Transport and 

Environment 58: 94–107. 

https://doi.org/10.1016/j.trd.2017.11.009  

Pizzol M. (2019) “Deterministic and Stochastic 

Carbon Footprint of Intermodal Ferry and 

Truck Freight Transport across 

Scandinavian Routes.” Journal of Cleaner 

Production 224: 626–36. 

https://doi.org/10.1016/j.jclepro.2019.03.27

0  

Qi Y, Harrod S, Psaraftis H N, and Lang M. 

(2022) “Transport Service Selection and 

Routing with Carbon Emissions and 

Inventory Costs Consideration in the 

Context of the Belt and Road Initiative.” 

Transportation Research Part E: Logistics 

and Transportation Review 159: 102630. 

https://doi.org/10.1016/j.tre.2022.102630  

Rail Market News. (2022). “Emissions.” 

Retrieved February 7, 2023, from 

https://railmarket.com/news/tags/emissions  

RENFE Freight. (2023). “Renfe Mercancías 

(RENFE Freight).” Retrieved March 7, 

2023, from 

https://www.renfe.com/es/en/renfe-

group/corporations/renfe-freight/freight-

get-to-know-us  

Resat H G, and Türkay M. (2019) “A Bi-

Objective Model for Design and Analysis of 

Sustainable Intermodal Transportation 

Systems: A Case Study of Turkey.” 

International Journal of Production Research 

57(19): 6146–61. 

https://doi.org/10.1080/00207543.2019.158

7187  

Rossi T, Pozzi R, Pirovano G, Cigolini R, and 

Pero M. (2020) “A New Logistics Model for 

Increasing Economic Sustainability of 

Perishable Food Supply Chains through 

Intermodal Transportation.” International 

Journal of Logistics Research and 

Applications 24(4): 346–63. 

https://doi.org/10.1080/13675567.2020.175

8047  

Rudi A, Fröhling M, Zimmer K, and 

Schultmann F. (2016) “Freight 

Transportation Planning Considering 

Carbon Emissions and in-Transit Holding 

Costs: A Capacitated Multi-Commodity 

Network Flow Model.” EURO Journal on 

Transportation and Logistics 5(2): 123–60. 

https://doi.org/10.1007/s13676-014-0062-4  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.1016/j.tra.2022.01.012
https://www.msc.com/-/media/files/sustainability/reports/msc_sustainability_report_2021.pdf
https://www.msc.com/-/media/files/sustainability/reports/msc_sustainability_report_2021.pdf
https://www.msc.com/-/media/files/sustainability/reports/msc_sustainability_report_2021.pdf
https://doi.org/10.1016/j.trd.2016.12.006
https://novatrans-greenmodal.eu/en/combined-transport/advantages
https://novatrans-greenmodal.eu/en/combined-transport/advantages
https://novatrans-greenmodal.eu/en/combined-transport/advantages
https://doi.org/10.3390/su141811577
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases
https://doi.org/10.1016/j.trd.2017.11.009
https://doi.org/10.1016/j.jclepro.2019.03.270
https://doi.org/10.1016/j.jclepro.2019.03.270
https://doi.org/10.1016/j.tre.2022.102630
https://railmarket.com/news/tags/emissions
https://www.renfe.com/es/en/renfe-group/corporations/renfe-freight/freight-get-to-know-us
https://www.renfe.com/es/en/renfe-group/corporations/renfe-freight/freight-get-to-know-us
https://www.renfe.com/es/en/renfe-group/corporations/renfe-freight/freight-get-to-know-us
https://doi.org/10.1080/00207543.2019.1587187
https://doi.org/10.1080/00207543.2019.1587187
https://doi.org/10.1080/13675567.2020.1758047
https://doi.org/10.1080/13675567.2020.1758047
https://doi.org/10.1007/s13676-014-0062-4


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

719 

Sahin, B, Yilmaz H, Ust Y, Guneri A F, Gulsun 

B, and Turan E. (2014) “An Approach for 

Economic Analysis of Intermodal 

Transportation.” The Scientific World 

Journal 2014: 1–10. 

https://doi.org/10.1155/2014/630320  

Shoukat R. (2022) “Green Intermodal 

Transportation and Effluent Treatment 

Systems: Application of the Genetic 

Algorithm and Mixed Integer Linear 

Programming.” Process Integration and 

Optimization for Sustainability. 

https://doi.org/10.1007/s41660-022-00295-

7  

SteadieSeifi M, Dellaert N P, Nuijten W, Van 

Woensel T, and Raoufi R. (2014) 

“Multimodal Freight Transportation 

Planning: A Literature Review.” European 

Journal of Operational Research 233(1): 1–

15. 

https://doi.org/10.1016/j.ejor.2013.06.055  

Stenius O, Marklund J, and Axsäter S. (2018) 

“Sustainable Multi-Echelon Inventory 

Control with Shipment Consolidation and 

Volume Dependent Freight Costs.” 

European Journal of Operational Research 

267(3): 904–16. 

https://doi.org/10.1016/j.ejor.2017.12.029  

Sun Y, and Li X. (2019) “Fuzzy Programming 

Approaches for Modeling a Customer-

Centred Freight Routing Problem in the 

Road-Rail Intermodal Hub-and-Spoke 

Network with Fuzzy Soft Time Windows 

and Multiple Sources of Time Uncertainty.” 

Mathematics 7(8): 739. 

https://doi.org/10.3390/math7080739  

Sun Y, Hrušovský M, Zhang C, and Lang M. 

(2018) “A Time-Dependent Fuzzy 

Programming Approach for the Green 

Multimodal Routing Problem with Rail 

Service Capacity Uncertainty and Road 

Traffic Congestion.” Complexity 2018: 1–

22. https://doi.org/10.1155/2018/8645793  

Sun Y, Yu N, and Huang B. (2021) “Green 

Road–Rail Intermodal Routing Problem 

with Improved Pickup and Delivery Services 

Integrating Truck Departure Time Planning 

under Uncertainty: An Interactive Fuzzy 

Programming Approach.” Complex and 

Intelligent Systems. 

https://doi.org/10.1007/s40747-021-00598-

1  

Sun Y. (2020) “Green and Reliable Freight 

Routing Problem in the Road-Rail 

Intermodal Transportation Network with 

Uncertain Parameters: A Fuzzy Goal 

Programming Approach.” Journal of 

Advanced Transportation 2020: 1–21. 

https://doi.org/10.1155/2020/7570686  

Tadić S, Krstić M, Roso V, and Brnjac N. 

(2019) “Planning an Intermodal Terminal 

for the Sustainable Transport Networks.” 

Sustainability 11(15): 4102. 

https://doi.org/10.3390/su11154102  

Taheri S, and Tamannaei M. (2022) “Integrated 

Multi-Level Intermodal Network Design 

Problem: A Sustainable Approach, Based on 

Competition of Rail and Road 

Transportation Systems.” Networks and 

Spatial Economics 

https://doi.org/10.1007/s11067-022-09577-

6  

Tamannaei M, Zarei H, and Rasti-Barzoki M. 

(2021) “A Game Theoretic Approach to 

Sustainable Freight Transportation: 

Competition between Road and Intermodal 

Road–Rail Systems with Government 

Intervention.” Transportation Research Part 

B: Methodological 153(2021): 272–95. 

https://doi.org/10.1016/j.trb.2021.09.002  

OECD. (2021). “Transport Strategies for Net-

Zero Systems by Design: En.” 

https://www.oecd.org/environment/transpor

t-strategies-for-net-zero-systems-by-design-

0a20f779-en.htm  

Tsolaki K, Vafeiadis T, Nizamis A, Ioannidis D, 

and Tzovaras D. (2022) “Utilizing Machine 

Learning on Freight Transportation and 

Logistics Applications: A Review.” ICT 

Express. 

https://doi.org/10.1016/j.icte.2022.02.001  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.1155/2014/630320
https://doi.org/10.1007/s41660-022-00295-7
https://doi.org/10.1007/s41660-022-00295-7
https://doi.org/10.1016/j.ejor.2013.06.055
https://doi.org/10.1016/j.ejor.2017.12.029
https://doi.org/10.3390/math7080739
https://doi.org/10.1155/2018/8645793
https://doi.org/10.1007/s40747-021-00598-1
https://doi.org/10.1007/s40747-021-00598-1
https://doi.org/10.1155/2020/7570686
https://doi.org/10.3390/su11154102
https://doi.org/10.1007/s11067-022-09577-6
https://doi.org/10.1007/s11067-022-09577-6
https://doi.org/10.1016/j.trb.2021.09.002
https://www.oecd.org/environment/transport-strategies-for-net-zero-systems-by-design-0a20f779-en.htm
https://www.oecd.org/environment/transport-strategies-for-net-zero-systems-by-design-0a20f779-en.htm
https://www.oecd.org/environment/transport-strategies-for-net-zero-systems-by-design-0a20f779-en.htm
https://doi.org/10.1016/j.icte.2022.02.001


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

720 

UNFCC, U. (2022). Transport - Climate Action 

Pathway. Retrieved March 6, 2023, from 

https://unfccc.int/climate-action/marrakech-

partnership-for-global-climate-action  

Wang C, Zhao Y, Wang Y, Wood J, Kim C Y, 

and Li Y. (2020) “Transportation CO2 

Emission Decoupling: An Assessment of the 

Eurasian Logistics Corridor.” 

Transportation Research Part D: Transport 

and Environment 86 (2020): 102486. 

https://doi.org/10.1016/j.trd.2020.102486  

Wang, C-N, Nhieu N-L, Tran K-P, and Wang 

Y-H. (2022) “Sustainable Integrated Fuzzy 

Optimization for Multimodal Petroleum 

Supply Chain Design with Pipeline System: 

The Case Study of Vietnam.” Axioms 11(2): 

60. 

https://doi.org/10.3390/axioms11020060  

Wang C-N, Nhieu N-L, Chung Y-C, and Pham 

H-T. (2021) “Multi-Objective Optimization 

Models for Sustainable Perishable 

Intermodal Multi-Product Networks with 

Delivery Time Window.” Mathematics 9(4): 

379. https://doi.org/10.3390/math9040379  

Wang Q-Z,, Chen J-M, Tseng M-L, Luan H-M, 

and Helmi Ali M. (2020) “Modelling Green 

Multimodal Transport Route Performance 

with Witness Simulation Software.” Journal 

of Cleaner Production 248 (2020): 119245. 

https://doi.org/10.1016/j.jclepro.2019.1192

45  

Wang W, Xu X, Jiang Y, Xu Y, Cao Z, and Liu 

S. (2020) “Integrated Scheduling of 

Intermodal Transportation with Seaborne 

Arrival Uncertainty and Carbon Emission.” 

Transportation Research Part D: Transport 

and Environment 88: 102571. 

https://doi.org/10.1016/j.trd.2020.102571  

Woodburn, Allan. (2017) “An Analysis of Rail 

Freight Operational Efficiency and Mode 

Share in the British Port-Hinterland 

Container Market.” Transportation Research 

Part D: Transport and Environment 51 

(2017): 190–202. 

https://doi.org/10.1016/j.trd.2017.01.002  

Xie Y, Lu W, Wang W, and Quadrifoglio L. 

(2012) “A Multimodal Location and Routing 

Model for Hazardous Materials 

Transportation.” Journal of Hazardous 

Materials 227-228 (2012): 135–41. 

https://doi.org/10.1016/j.jhazmat.2012.05.0

28  

Yang Z, Xin X, Chen K, and Yang A. (2021) 

“Coastal Container Multimodal 

Transportation System Shipping Network 

Design—Toll Policy Joint Optimization 

Model.” Journal of Cleaner Production 

279(2021): 123340. 

https://doi.org/10.1016/j.jclepro.2020.1233

40  

Zanin M, Herranz R, and Ladousse S. (2012) 

“Environmental Benefits of Air–Rail 

Intermodality: The Example of Madrid 

Barajas.” Transportation Research Part E: 

Logistics and Transportation Review 48(5): 

1056–63. 

https://doi.org/10.1016/j.tre.2012.03.008  

Zhang M, Janic M, and Tavasszy L A.. (2015) 

“A Freight Transport Optimization Model 

for Integrated Network, Service, and Policy 

Design.” Transportation Research Part E: 

Logistics and Transportation Review 77 

(2015): 61–76. 

https://doi.org/10.1016/j.tre.2015.02.013  

Zhang X, Li L, and Zhang J. (2019) “An 

Optimal Service Model for Rail Freight 

Transportation: Pricing, Planning, and 

Emission Reducing.” Journal of Cleaner 

Production 218(2019): 565–74. 

https://doi.org/10.1016/j.jclepro.2019.01.28

5  

Zhao Y, Xue Q, and Zhang X. (2018) 

“Stochastic Empty Container Repositioning 

Problem with CO2 Emission Considerations 

for an Intermodal Transportation System.” 

Sustainability 10(11): 4211. 

https://doi.org/10.3390/su10114211  

Zhou M, Duan Y, Yang W, Pan Y, and Zhou M. 

(2018) “Capacitated Multi-Modal Network 

Flow Models for Minimizing Total 

Operational Cost and co2e Emission.” 

Computers and Industrial Engineering 

126(2018): 361–77. 

https://doi.org/10.1016/j.cie.2018.09.049  

http://doi.org/10.17270/J.LOG.2023.870
https://unfccc.int/climate-action/marrakech-partnership-for-global-climate-action
https://unfccc.int/climate-action/marrakech-partnership-for-global-climate-action
https://doi.org/10.1016/j.trd.2020.102486
https://doi.org/10.3390/axioms11020060
https://doi.org/10.3390/math9040379
https://doi.org/10.1016/j.jclepro.2019.119245
https://doi.org/10.1016/j.jclepro.2019.119245
https://doi.org/10.1016/j.trd.2020.102571
https://doi.org/10.1016/j.trd.2017.01.002
https://doi.org/10.1016/j.jhazmat.2012.05.028
https://doi.org/10.1016/j.jhazmat.2012.05.028
https://doi.org/10.1016/j.jclepro.2020.123340
https://doi.org/10.1016/j.jclepro.2020.123340
https://doi.org/10.1016/j.tre.2012.03.008
https://doi.org/10.1016/j.tre.2015.02.013
https://doi.org/10.1016/j.jclepro.2019.01.285
https://doi.org/10.1016/j.jclepro.2019.01.285
https://doi.org/10.3390/su10114211
https://doi.org/10.1016/j.cie.2018.09.049


Temizceri T., Kara S. S., 2023. Last decade of green logistics with multiple modes of transportation: a literature 

review. LogForum 19 (4), 703-721, http://doi.org/10.17270/J.LOG.2023.870 

721 

Ziaei Z, and Jabbarzadeh A. (2021) “A Multi-

Objective Robust Optimization Approach 

for Green Location-Routing Planning of 

Multi-Modal Transportation Systems under 

Uncertainty.” Journal of Cleaner Production 

291(2021): 125293. 

https://doi.org/10.1016/j.jclepro.2020.1252

93  
 

 

Talya Temizceri    ORCID ID: https://orcid.org/0000-0001-6384-3177  

Department of Logistics Management, 

Faculty of Applied Science, 

Istanbul Bilgi University, İstanbul, Turkey 

e-mail: talya.temizceri@bilgi.edu.tr  

 

Selin Soner Kara    ORCID ID: https://orcid.org/0000-0002-0894-0772  

Department of Industrial Engineering, 

Faculty of Mechanical Engineering, 

Yıldız Technical University, İstanbul, Turkey 

e-mail: ssoner@yildiz.edu.tr  

http://doi.org/10.17270/J.LOG.2023.870
https://doi.org/10.1016/j.jclepro.2020.125293
https://doi.org/10.1016/j.jclepro.2020.125293
https://orcid.org/0000-0001-6384-3177
mailto:talya.temizceri@bilgi.edu.tr
https://orcid.org/0000-0002-0894-0772
mailto:ssoner@yildiz.edu.tr

