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Abstract: Logistical activities have a perceptible global environmental impact. Against 4 

the background of increasing public and government concern for the environment, 5 

green logistics is proposed to reduce the environmental effects of logistical activities. 6 

As the world deals with the ongoing COVID-19 pandemic, the environmental crisis has 7 

not gone away but requires more attention because the challenges are greater. 8 

Operations research is typically used to balance the trade-off between environmental 9 

concerns and costs, and therefore it can improve the operations management of 10 

logistical activities. This paper is a review of studies that integrate operations research 11 

into green logistics. To access relevant papers, we searched the papers published until 12 

June 2, 2021, in Web of Science Core Collection database using six keywords (green 13 

logistics OR sustainable logistics OR cleaner logistics OR green transportation OR 14 

sustainable transportation OR cleaner transportation) in topic. We then divided the 15 

papers into five broad categories according to their research directions: green waste 16 

logistics, the impact of costs on green logistics, the green routing problem, green 17 

transport network design, and new challenges in green logistics. Suggestions for further 18 

research that combines green logistics and operations research, especially research that 19 

considers the long-term effects of the pandemic, are summarized at the end of this 20 

review.   21 
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1 Introduction 26 

Logistics involves the transport, storage, and handling of products as they move 27 

through supply chain networks from raw material sources to the final point of sale or 28 

consumption (McKinnon et al., 2015). Fuelled by COVID-19, global e-commerce 29 

showed a rise in its share of all retail sales from 16% to 19% in 2020 (UN, 2021), which 30 

definitely poses a huge challenge for last mile delivery services. Hence, companies are 31 

investigating new strategies to steadily improve logistics activities. However, such 32 

developments have environmental impacts (Van Woensel et al., 2001). Specifically, the 33 

release of greenhouse gases (GHG) into the atmosphere has a perceptible global impact 34 
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on the environment. Currently, carbon dioxide (CO2) emissions in the transport sector 35 

are about 30% of total emissions in developed countries and about 23% of total 36 

emissions worldwide (UNECE, 2021). The United Nations Economic Commission for 37 

Europe (UNECE) (2021) announced a widespread agreement to reduce CO2 emissions 38 

in transport by at least 50% by 2050. Hence, the influence of logistics on the 39 

environment has become a popular topic in recent years.  40 

In recent decades, against the background of increasing public and government 41 

concern for the environment, green logistics has been proposed to reduce the 42 

environmental effects of logistical activities (McKinnon et al., 2015). Like McKinnon 43 

et al. (2015), we define “green logistics” as the study of the environmental influences 44 

of all activities involved in the transport, storage, and handling of physical products as 45 

they move in both directions in supply chains. We consider all logistical issues, such as 46 

routing and warehousing, and study the related environmental problems, such as GHG 47 

emissions and the use of new green technologies. Although green logistics is relatively 48 

new, it is rapidly evolving. 49 

As advanced analytical methods lead to better decisions (INFORMS, 2021), 50 

operations research (OR) has been used in many studies (Silver, 1981; Luss, 1982; Cire 51 

and Van Hoeve, 2013; Lien et al., 2014; Ata et al., 2019; Gupta and Radovanović, 2020). 52 

When used effectively, OR techniques drive the success of companies, such as Procter 53 

& Gamble (CBS News, 2008), Hewlett Packard (Burman et al., 1998), and United 54 

Parcel Services (Holland et al., 2017), by saving costs, reducing inventory, and 55 

increasing profits. With more public focus on sustainability, OR techniques are also 56 

used to address environmental concerns. Dekker et al. (2012) stated that OR techniques 57 

can help balance the trade-off between profits and environmental costs, efficiently 58 

utilize resources, reducing costs and emissions. 59 

This review was motivated by the real-world problem of sustainable development. 60 

The transportation industry is flourishing, and traffic volumes continue to increase. For 61 

instance, according to the Statistical Pocketbook 2019 (EEA, 2019), an estimated 3,046 62 

billion tonne-kilometers of freight cargo were transported within and between European 63 

Union countries (EU-28) by road and maritime transport in 2017, releasing a 64 

tremendous volume of GHG. Recently, Europe has steadily reduced its overall GHG 65 

emissions. However, the transport sector has not been part of this general trend, and its 66 

relative contribution to GHG emissions in Europe has thus become more significant 67 
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(EEA, 2020). Therefore, making the transport sector green is particularly important. In 68 

addition, OR techniques, especially mathematical programming, can help achieve the 69 

goal of doing more with less resources (less pollution). Hence, this review focuses on 70 

green logistics, and especially the application of OR to green logistics. 71 

Our purpose is to provide an overview of the current situation and potential 72 

developments in green logistics by reviewing up-to-date papers. As thousands of papers 73 

have been published, we cannot review them all. Hence, we first summarize some rep- 74 

Table 1: Representative overview papers on green logistics  75 

Papers Review range Theme Studied problems  Topics 

Kleindorfer 

et al. (2005) 

First 50 issues of 

journal POM 

SUS Problems related to environmental, health, and safety 

concerns with green-product design, lean and green 

operations, closed-loop supply chains, and other 

sustainability themes 

Environmental management, closed-

loop supply chains, and a broad 

perspective on triple-bottom-line 

thinking, integrating profit, people, 

and the planet into the culture, strategy, 

and operations of companies. 

Srivastava 

(2007) 

Books, edited 

volumes, and 

journal articles 

published from 

1990 

GSC Problems related to keywords including green supply 

chain, remanufacturing, green purchasing, green 

design, industrial ecology, industrial ecosystems, 

reverse logistics, remanufacturing, and waste 

management 

Importance of green supply-chain 

management, green design, and green 

operations 

Sbihi and 

Eglese 

(2010) 

– GL Problems which can be formulated as combinatorial 

optimization problems 

Reverse logistics, waste management, 

vehicle routing and scheduling 

Dekker et 

al. (2012) 

– GL+GSC Problems solved by OR Design, planning and control in a 

supply chain for transportation, 

inventory of products and 

facility decisions 

McKinnon 

et al. (2015) 

– GL Problems aimed at improving the environmental 

sustainability of logistics 

Assessing the environmental effects of 

logistics, and strategic, operational, as 

well as public policy perspectives on 

green logistics. 

This paper Journal articles 

published 

between 1990 

and June 3, 2023 

GL Problems solved by OR Green waste logistics, impact of costs 

on green logistics, green routing 

problem, green transport network 

design, and new challenges in green 

logistics 

Notes: (1) “POM”, “SUS”, “GSC”, “GL”, and “OR” denote the journal Production and Operations 76 
Management; sustainability, green supply chain, green logistics, and operations research, 77 
respectively (2) the en-dash means that the reviewed paper does not introduce this aspect.  78 
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resentative overview papers on green logistics in Table 1. Readers who are interested 79 

in this area should also refer to other papers (Kleindorfer et al., 2005; Srivastava, 2007; 80 

Sbihi and Eglese, 2010; Dekker et al., 2012; McKinnon et al., 2015) for a 81 

comprehensive overview of green logistics. 82 

The remainder of this study is organized as follows. The search methodology used to 83 

identify relevant papers is explained in Section 2. Section 3 presents a review of studies 84 

on green waste logistics. The impact of costs on green logistics is studied in Section 4. 85 

An overview of the literature on the green routing problem is introduced in Section 5. 86 

Section 6 focuses on papers about green transport network design. Section 7 discusses 87 

some of the challenges related to green logistics. Our conclusions are presented in 88 

Section 8. 89 

2 Literature search methodology 90 

  To access relevant papers, we searched the Web of Science Core Collection database 91 

using six keywords in topic (i.e., title, abstract, author keywords, and keywords plus). 92 

The six keywords were “green logistics OR sustainable logistics OR cleaner logistics 93 

OR green transportation OR sustainable transportation OR cleaner transportation”. We 94 

input these keywords, ruled out articles that contained irrelevant words, including 95 

“chemistry OR agriculture OR fish OR fishery OR electronic OR pressure OR tourism 96 

OR geography OR medicine OR psychology OR biology OR materials science 97 

multidisciplinary OR surgery OR finance OR biochemistry OR nuclear OR ecology OR 98 

chemical OR mechanics OR education OR public environmental occupational health”. 99 

Then, we selected English-language documents only, and set the document type to 100 

articles only, excluding other document types such as editorial materials, notes, or 101 

letters. The search returned a wide range of thematic areas beyond the scope of this 102 

review. Hence, we also refined papers by Web of Science Category Operations Research 103 

Management Science, which ruled out papers from irrelevant thematic areas, such as 104 

physics and related areas; geography and related areas; chemistry and related areas; 105 

medicine, biology, and related areas; electronic, mechanical engineering, and related 106 

areas; engineering civil, architecture, and related areas; business finance; and social 107 

sciences, development studies, and related areas. After several attempts, the search 108 

resulted in 1,058 articles published until June 3, 2023. 109 

  As this review focuses on green logistics combined with OR, we ruled out papers 110 

using other methodologies, refining the number of relevant articles to 816. Table 1 111 
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presents the paper selection process. According to our review, Figure 1 illustrates the 112 

number of papers published each year. From 1997 to 2016, the number of papers 113 

published each year fluctuated, but the overall trend was upward. From 2017 to 2022, 114 

the number of papers published each year continued to increase, nearly doubling in 115 

some years, which may have been caused by the increasing environmental awareness 116 

of governments, enterprises, and the public. 117 

Table 1: Four steps of collecting papers 118 
Step 1 Search Keywords 

  

green logistics OR sustainable logistics OR cleaner logistics OR green transportation OR 

sustainable transportation OR cleaner transportation 

Step 2 Exclude Keywords 

  

chemistry OR agriculture OR fish OR fishery OR electronic OR pressure OR tourism OR 

geography OR medicine OR psychology OR materials science multidisciplinary OR surgery 

OR finance OR biochemistry OR biology OR nuclear OR ecology OR chemical OR mechanics 

OR education OR public environmental occupational health  

Step 3 Choose Web of Science Category 

  operations research management science 

Step 4 Manual reading and identification of articles 

 119 

 120 
Figure 1: The number of papers published annually 121 

 122 

  We first divided the 816 articles into five broad categories based on the problem 123 

context: green waste logistics, the impact of costs on green logistics, the green routing 124 

problem, green transport network design, and new challenges in green logistics. These 125 

five broad categories were then organized into smaller categories, and the relevant 126 

papers are reviewed in the following five sections. Here, notice that logistics contains 127 

transportation and storage. But we didn’t review green storage because there are already 128 

many review papers on green storage papers (de Koster et al., 2007; Gu et al., 2007, 129 

2010; Gong and de Koster, 2011; Staudt et al., 2015; Shah and Khanzode, 2017; Azadeh 130 

et al., 2019; Yener and Yazgan, 2019; Custodio and Machado, 2020; Kumar et al., 2021; 131 



6 

 

Zhen and Li, 2022).Hence, we only reviewed transportation-related papers. 132 

3 Green waste logistics 133 

  Increasing environmental concerns and increased waste production have caused 134 

people to think about how to deal with waste in a green way (Sbihi and Eglese, 2010). 135 

According to the World Bank (WB, 2018), the world generates 2.01 billion tonnes of 136 

municipal solid waste annually, and that is expected to increase to 3.4 billion tonnes by 137 

2050. Dealing with waste in a green way is essential for sustainable transportation; 138 

therefore, many scholars have chosen to study the green waste logistics problem. 139 

Scholars have proposed the reuse of materials and products to capture surplus value, 140 

which involves reverse logistics. Recently, the COVID-19 pandemic has made the need 141 

for green waste management systems even more urgent because of the resulting boom 142 

in food delivery and similar services (Sumagaysay, 2020). This section first examines 143 

the studies on waste management and then discusses the papers related to reverse 144 

logistics.  145 

3.1 Waste management 146 

  In 1987, as a sub-organization of the United Nations, the Brundtland Commission 147 

(formerly the World Commission on Environment and Development) defined 148 

“sustainable development” as “meeting human development goals while 149 

simultaneously sustaining the ability of natural systems to provide natural resources 150 

and ecosystem services on which the economy and society depend” (BC, 1987). 151 

Properly dealing with waste has since become increasingly important. 152 

  Most papers related to waste management focus on solid waste management (SWM). 153 

Many scholars have modeled the SWM problem as a variant of the vehicle routing 154 

problem (VRP). Ramos et al. (2014a) modeled a recyclable waste collection system as 155 

two multi-product and multi-depot VRP models to minimize distance and CO2 156 

emissions, respectively. Their results showed reductions of up to 22% for distance and 157 

27% for CO2  emissions. Asefi et al. (2019) proposed an integrated framework 158 

combining the VRP and the fleet size problem to solve a cost-effective integrated SWM 159 

problem. They developed a bi-objective mixed integer linear programming (MILP) 160 

model to simultaneously minimize transportation costs and deviation from the fair load 161 

allocation to transfer stations. Recently, Babaee-Tirkolaee and Aydın (2021) proposed 162 

a bi-objective MILP model for a capacitated VRP to optimize transportation planning 163 

for municipal waste management during a pandemic with consideration of outsourcing. 164 
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  Plastic waste management is a particularly hot topic in waste management research. 165 

Bing et al. (2013) proposed a MILP model to design a plastic recycling network. The 166 

computational results indicated that transportation costs account for about 7% of the 167 

total costs and that multimodal transport can reduce the transportation costs by nearly 168 

20%. Bing et al. (2014) also modeled a plastic waste collection problem as a VRP and 169 

used a tabu search algorithm to improve the routes.  170 

  How to recycle the waste of electrical and electronic equipment (WEEE) is another 171 

hot research topic. Ayvaz et al. (2015) proposed a multi-echelon, multi-product, 172 

capacitated two-stage stochastic programming model for a third-party WEEE recycling 173 

company. The model considers return quantity, sorting ratio, and transportation cost 174 

uncertainties and aims to maximize total revenue. Safdar et al. (2020) developed a 175 

multi-objective model to maximize total profit and social benefits and minimize 176 

environmental impacts in WEEE management design. 177 

  Scholars have also studied how to recycle specific items. For scrap tires, Dehghanian 178 

and Mansour (2009) proposed a three-objective mathematical programming model to 179 

maximize social and economic benefits and simultaneously minimize negative 180 

environmental impacts. They used a genetic algorithm to find pareto-optimal solutions. 181 

Zhou and Zhou (2015) developed a nonlinear integer programming (IP) model to 182 

determine the locations and number of recycling stations and plants to minimize the 183 

total cost in a case study of office paper recycling in Beijing (China). Shah et al. (2018) 184 

discussed the importance of value recovery from trash bins by using a stochastic 185 

optimization model with embedded chance constraints to minimize total transportation 186 

cost.  187 

  Some scholars have studied how to manage agricultural residues. Parker et al. (2010) 188 

developed a mixed integer nonlinear programming (MINLP) model to find the most 189 

efficient and economical network for generating hydrogen from agricultural residues. 190 

Constructing a set of reverse logistic networks for pesticide wastes, Li and Huang (2018) 191 

proposed a mixed integer programming (MIP) model to determine the optimal locations 192 

for collecting pesticide wastes and the flow allocation between recycling and treatment 193 

centers. 194 

3.2 Reverse logistics 195 

  Remanufacturing end-of-life products has many economic, environmental, and social 196 

advantages (Millet, 2011). However, remanufacturing these products first requires 197 
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environmentally and economically feasible reverse logistics to transport reusable used 198 

components to factories. In addition, customers, suppliers, competitors, and 199 

government agencies pressure manufacturers to implement reverse logistics (Govindan 200 

and Bouzon, 2018; Plaza-Úbeda et al., 2021). After reviewing all of the collected papers 201 

on reverse logistics, we found that the number of papers published on reverse logistics 202 

has exploded since 2015. Moreover, reverse and forward logistics are often combined 203 

into an integrated logistics network. Reverse logistics is also studied in conjunction with 204 

the VRP. 205 

  One of the major research directions in reverse logistics is the study of integrated 206 

logistics networks that combine reverse and forward logistics. Considering the impact 207 

of CO2  emissions, Zarbakhshnia et al. (2020) studied a multi-product, multi-stage, 208 

multi-period, forward and reverse logistics system under demand uncertainty. They 209 

developed a probabilistic MILP model to determine the flows of both the forward and 210 

reverse chains, the location of active established centers in the forward and reverse 211 

chains, and an optimal transportation strategy. Boronoos et al. (2021) proposed a multi-212 

objective MINLP model for a forward and reverse logistics system with multiple 213 

manufacturing centers, warehouses, customer zones, disassembling centers, and 214 

remanufacturing centers. They determined the optimal location and capacity of 215 

facilities, quantity of produced/remanufactured and disassembled products, and the 216 

flow of products in the system while minimizing total costs, total CO2 emissions, and 217 

robustness costs in both the forward and reverse logistics. 218 

  The combination of reverse logistics and the VRP is another popular research 219 

direction. Kumar et al. (2017) proposed an IP model for a multi-period, multi-echelon 220 

VRP in a forward-reverse logistics system to find the optimal flow allocation and make 221 

vehicle routing decisions. To minimize the total cost and number of vehicles, Wang et 222 

al. (2018) investigated a cooperation problem for recycling vehicle route optimization 223 

in a two-echelon reverse logistics network with semitrailers and vehicle sharing. They 224 

proposed a bi-objective MILP model to determine the optimal two-echelon vehicle 225 

routing and the proper distribution among participating facilities of the total cost 226 

savings. Solano et al. (2021) combined reverse logistics and the VRP with simultaneous 227 

pickup and delivery within a time window. Using a MILP model, they found the optimal 228 

vehicle routing for the collection and distribution of bottles and the optimal quantity to 229 

dispatch. 230 
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  Scholars have often integrated reverse logistics into the location problem to study 231 

how to achieve product recovery. Studying a sludge recovery network, Duque et al. 232 

(2010) developed a MILP model to design a recovery network structure and found the 233 

optimal transport and transformation schedules. Govindan et al. (2016) proposed a 234 

multi-objective MIP model to investigate product recovery in the electrical 235 

manufacturing industry. With the aim of maximizing profit, they determined the best 236 

location for a hybrid recovery facility and the optimal flow of products, recovered parts, 237 

and material in the system. 238 

  Because of COVID-19 and the convenience of online shopping, an increasing 239 

number of customers are shopping online. The online shopping boom has inevitably led 240 

to many returned goods. How to properly manage the logistics of returned goods has 241 

become a hot research topic. Nenes and Nikolaidis (2012) proposed a MILP model for 242 

a multi-period used-product returns network to determine the optimal procurement, 243 

remanufacturing, stocking, and salvaging decisions while maximizing the network’s 244 

total profit. Developing a multi-objective IP model, Dutta et al. (2020) studied the 245 

reverse logistics problem of an online Indian cloth retailer to determine the optimal 246 

technology adoption for incineration centers and fulfillment centers and the optimal 247 

locations of delivery hubs, landfills, and recycling centers to minimize costs and 248 

environmental impacts and maximize social responsibility. 249 

4 Impact of costs on green logistics 250 

  Green logistics balances environmental, economic, and social benefits. Companies 251 

and individuals are often required by the government to reduce emissions. Toll roads 252 

are an example of this phenomenon1. Governments often use subsidies to encourage 253 

companies and individuals to upgrade old high-emission equipment and taxation to 254 

punish them for emitting pollutants. Hence, this section reviews the papers that study 255 

the impact of costs on green logistics. 256 

  As an economic method for controlling externalities, environmental charges have 257 

become a preferred method of encouraging the sustainable development of 258 

transportation (Lu and Morrell, 2001). Alkhayyal et al. (2019) proposed a single-period 259 

MILP model based on the market price of CO2 emissions for a reverse supply chain to 260 

find the optimal flow of components between remanufacturing facilities that minimizes 261 

 
1 Although the main purpose of road tolls is reducing congestion, they also greatly reduce pollutant 

emissions. 
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CO2 emissions, product recovery, transportation, energy use, rent costs, and labor. 262 

  Among the numerous charging problems in green logistics, road toll design is the 263 

most popular. Lv et al. (2020) developed an inexact bilevel programming model with 264 

stochastic and fuzzy uncertainties to design a road toll that considers vehicle emissions. 265 

To reduce the air pollutants inhaled by humans and minimize environmental inequality, 266 

Rodriguez-Rodriguez-Roman and Ritchie (2020) introduced a transportation network 267 

paradox that showed the unintended effects of reducing traffic emissions and then 268 

proposed multi-objective models for a surrogate-based toll design optimization problem. 269 

  To achieve the goal of green logistics, companies typically must make a significant 270 

investment in equipment, and the government must provide subsidies to encourage 271 

them to upgrade their equipment. Considering the relationships between the 272 

government, container ports, and shipping lines, Wu and Wang (2020) investigated a 273 

shore-power deployment problem to reduce in-port emissions by having berthed ships 274 

plug into the shore electrical network. They proposed an IP model to create a 275 

government subsidy policy that maximizes the reduction of in-port ship emissions. Liu 276 

et al. (2020b) developed an integrated nonlinear bilevel programming model for a 277 

reverse logistics problem for leftover pharmaceuticals. They jointly considered a third-278 

party logistics company, the producer, and the government to balance the environmental, 279 

economic, and social benefits. 280 

  Some scholars have studied the problem from the taxation policy perspective. Li et 281 

al. (2019) proposed an intermodal transportation network planning model to minimize 282 

overall transportation costs, handling costs, and CO2  emission costs. The 283 

computational results showed that carbon taxes do not significantly influence 284 

intermodal transport networks, and the influence of unloading and loading costs on the 285 

total cost was far greater than that of CO2 emissions. Chen et al. (2020) determined 286 

the optimal government joint taxation-subsidy emissions reduction policy to minimize 287 

additional government investment in the coastal transportation system.  288 

5 Green routing problem 289 

  Since the classic VRP was introduced by Dantzig and Ramser (1959), VRPs have 290 

been an intensive and fast-growing research topic (Vidal et al., 2020). Because of the 291 

rapid development of last mile logistics, the negative effects of transportation, such as 292 

noise, air pollution, and land use have been widely studied (Marrekchi et al., 2021). In 293 

particular, the pollutant emissions from transportation activities are regarded as the 294 
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greatest threat to the environment (Suzuki and Kabir, 2015). Hence, OR scholars have 295 

studied the green routing problem.  296 

  Kara et al. (2007) combined the VRP and environmental protection concerns and first 297 

proposed the energy minimization VRP. Bektaş and Laporte (2011) introduced the 298 

pollution-routing problem (PRP). Erdoğan and Miller-Hooks (2012) then put forward 299 

the concept of a green VRP. Although these concepts differ in their formulation, they 300 

are not very different in their nature. Marrekchi et al. (2021) stated that in the PRP, the 301 

vehicle speed on each arc was optimized to minimize fuel, emissions, or driver costs. A 302 

specific characteristic of the PRP is that the load and speed vary from one arc to another 303 

while the other parameters remain the same. This means that the PRP requires that the 304 

vehicles on each arc have an optimal speed or load, whereas the green VRP does not 305 

have such a requirement (i.e., the speed of vehicles on all of the arcs may be constant). 306 

This section, therefore, first reviews the papers on green VRP and PRP, and then 307 

reviews the papers on the production and transportation routing problem, and other 308 

related issues are mentioned in the last subsection. 309 

5.1 Green vehicle routing problems 310 

  During the 60 years since its introduction, many variants of the VRP have been raised 311 

and studied. A VRP with limited vehicle capacity is defined as a capacitated vehicle 312 

routing problem (CVRP), which is more in line with reality. Because of its practical 313 

relevance, the CVRP has been widely studied for several decades. Generally, the 314 

objective of the CVRP is to minimize either total travel distance or travel time. To 315 

consider environmental issues, emissions are introduced into the CVRP. Fukasawa et 316 

al. (2016) proposed two MILP models (an arc-load model and a set partitioning model) 317 

for an energy minimization CVRP. It is important to note that the path with the least 318 

consumed energy is not always the path with the shortest distance because vehicle 319 

energy consumption is not determined solely by distance. Idle driving, rapid 320 

acceleration, sudden braking, and other factors also affect fuel consumption. Fukasawa 321 

et al. (2016) used a branch-and-cut algorithm and a branch-cut-and-price algorithm to 322 

solve the arc-load model and the set partitioning model, respectively. Their 323 

computational results showed a significant improvement with the latter algorithm. 324 

Gupta et al. (2021) addressed a multi-objective CVRP with fuzzy time-distances and 325 

demand split into bags. 326 

  The VRP with time windows is becoming increasingly important because customers 327 
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prefer customized service times in distribution systems. Küçükoğlu et al. (2015) 328 

developed a MILP model to plan vehicle routes with time windows to minimize total 329 

fuel consumption and thereby minimize CO2 emissions. Proposing a MIP model, Niu 330 

et al. (2018) investigated an open VRP with time windows from an environmental 331 

perspective, which means that vehicles do not return to the depot after finishing their 332 

tasks. This minimizes total costs such as fuel consumption, CO2 emissions, and driver 333 

wages. Some papers have also considered soft time windows that can be violated with 334 

penalty costs. Lee and Prabhu (2016) optimally assigned customer deliveries to vehicles 335 

on the basis of fuel performance metrics and just-in-time delivery, both of which are 336 

related to the cruising speed of vehicles. They developed an algorithm to determine 337 

vehicle routes and cruising speeds. 338 

  As another variant of the VRP, the multi-depot VRP, has attracted considerable 339 

attention from scholars and practitioners (Zhang et al., 2020a). The multi-depot VRP 340 

requires that vehicles serve customers from several depots and then return to a pre-341 

assigned depot. Ramos et al. (2014b) modeled a multi-objective, multi-depot, and 342 

periodic VRP as a set partitioning formulation to balance the costs associated with 343 

social and environmental concerns related to drivers’ maximum working hours in a 344 

period and the level of CO2 emissions. To address socio-environmental concerns, Jabir 345 

et al. (2017) proposed an integer linear programming (ILP) model to integrate economic 346 

costs and emissions reduction for a capacitated multi-depot VRP problem. 347 

  The classical VRP usually assumes that each vehicle performs only one trip. In reality, 348 

the high cost of additional vehicles means that vehicles may perform multiple trips. 349 

Cinar et al. (2015) proposed a MIP model for a cumulative multi-trip VRP with limited 350 

duration and considering the reduction of CO2  emissions. They also developed a 351 

simulated annealing algorithm to solve the model to minimize fuel consumption. 352 

Tirkolaee et al. (2018) designed a hybrid genetic algorithm for a multi-trip capacitated 353 

VRP to minimize total costs including the costs of CO2 emissions, vehicle usage, and 354 

routing. 355 

  Scholars have also investigated other types of VRPs from an environmental 356 

perspective, such as the split-delivery VRP (Eydi and Alavi, 2019), time-dependent 357 

VRP (Xiao and Konak, 2017; Kazemian et al., 2018), and heterogeneous VRP (Behnke 358 

and Kirschstein, 2017; Behnke et al., 2021). 359 

5.2 Pollution-routing problem 360 
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  An especially important branch of the classical green routing problem is the PRP that 361 

aims to determine a set of routes and speeds to minimize total operational and 362 

environmental costs. Bektaş and Laporte (2011) introduced the PRP as a successive 363 

application in the green routing problem, and they considered it a variant of the VRP 364 

with time windows. Other variants have been developed by combining various 365 

constraints such as time windows, simultaneous pickup and delivery, congestion 366 

periods, and the uncertainty of some parameters (Marrekchi et al., 2021).  367 

  The PRP with time windows is important for freight transportation planning. Because 368 

of the complexity of the PRP with time windows, nearly all known solution methods 369 

are based on heuristics. Dabia et al. (2017) first introduced an exact solution based on 370 

a branch-and-price algorithm for a PRP with time windows. Saka et al. (2017) 371 

investigated a PRP with customer deadlines and multiple vehicle types and focused on 372 

speed optimization for a given vehicle route. They proposed a MIP model to minimize 373 

total costs, including fuel, emissions, and driver costs. 374 

  The PRP with simultaneous pickup and delivery is an important green routing 375 

problem in which customer orders must be transported from multiple origins to multiple 376 

destinations without intermediate transshipment. Bravo et al. (2019) solved a multi-377 

objective pickup and delivery PRP with time windows to minimize fuel consumption, 378 

traveling time, and service quality. They developed an evolutionary algorithm to find a 379 

set of routes for product pickups and deliveries during a planning period. 380 

  Congestion is a major problem, especially in big cities, that increases CO2 381 

emissions and should be considered when investigating routing problems. Franceschetti 382 

et al. (2017) proposed a metaheuristic for a time-dependent PRP that determines the 383 

optimal vehicle routing and speed for each route to minimize driver wages and CO2 384 

emissions. They also considered traffic congestion, which restricts vehicle speed and 385 

increases emissions. 386 

  In terms of uncertainty, Eshtehadi et al. (2017) obtained robust solutions for a PRP 387 

with demand and travel time uncertainty from their proposed ILP model with several 388 

robust optimization techniques, soft worst case, hard worst case, and chance constraints. 389 

Applying recent robust optimization theory, Tajik et al. (2014) proposed a MILP model 390 

for a PRP with pickups and deliveries under uncertainties related to service time, travel 391 

time, fuel consumption, and CO2 emissions. The objective function of the model was 392 

to minimize travel distance, the number of available vehicles, fuel consumption, and 393 
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CO2 emissions. 394 

5.3 Production and transportation routing problem 395 

  Sustainability extends the concept of logistics network design to optimize operations 396 

from a broader perspective that includes the entire production system and 397 

postproduction management (Lee et al., 2010). Specifically, although supply chain 398 

activities all generate carbon emissions, transportation is the most visible part of the 399 

supply chain that releases a tremendous amount of GHG (Dekker et al., 2012). Hua et 400 

al. (2011) stated that many companies use some environmentally friendly vehicles, 401 

equipment, and facilities and adjust their operations to reduce their CO2 emissions. 402 

Hence, this subsection focuses on combining transportation routing problems and 403 

production problems, which has been widely studied for decades. 404 

  The traditional inventory and routing problem seeks the best joint strategy in terms 405 

of inventory and transportation. Considering fuzzy demand distributions and 406 

transportation costs, Rahimi et al. (2017) proposed a multi-objective stochastic model 407 

to balance economic performance, service levels such as delivery and shortage delays, 408 

and the environmental footprint. To provide customers with the best food quality 409 

possible, Chan et al. (2020) developed a four-objective MILP model to construct 410 

intelligent food logistics and ensure that customer demands are fulfilled as quickly as 411 

possible while considering the environmental impact. The four objectives are to 412 

minimize total system costs, maximize average food quality, minimize CO2 emissions 413 

during production and transportation, and minimize the total weighted delivery lead 414 

time. 415 

  With continuous globalization, the average distance between two locations in 416 

distribution networks has greatly increased. Therefore, the success of many companies 417 

depends on location and routing decisions (Elhedhli and Merrick, 2012). Govindan et 418 

al. (2014) proposed a multi-objective MIP model for a two-echelon location and routing 419 

problem with time windows to achieve economic and environmental aims in a 420 

perishable food supply network. Schiffer and Walther (2018) developed a robust 421 

location-routing approach for an electric logistics fleet planning problem with the 422 

consideration of uncertain customer patterns. Wang et al. (2020b) considered a two-423 

echelon location and routing problem with eco-packages, which is also a pickup and 424 

delivery problem with time windows. They solved the large eco-package transport 425 

problem and small eco-package pickups and deliveries in the first and second echelons, 426 
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respectively. 427 

  Three key problems in optimizing a logistics network are the location, routing, and 428 

inventory problems. Specifically, facility location, vehicle routing, and inventory 429 

management are closely interrelated problems in logistics network design. Zhalechian 430 

et al. (2016) introduced a new location-routing-inventory model under mixed 431 

uncertainty and considering CO2 emissions, fuel consumption, wasted energy, and the 432 

social influences of creating jobs and economic development. They used a stochastic-433 

possibilistic programming method to tackle the uncertainty. Biuki et al. (2020) studied 434 

an integrated location-routing-inventory problem to design a logistics network for 435 

perishable products in a sustainable supply chain. They formulated the problem as a 436 

multi-objective MIP model and used two hybrid meta-heuristics as series and parallel 437 

combinations of a genetic algorithm (GA) and particle swarm optimization (PSO) to 438 

solve the model.  439 

5.4 Other related issues 440 

  We cannot describe all of the problems we found because of space limits. Other 441 

related issues include the location-allocation-inventory problem (Tirkolaee et al., 2020), 442 

last mile problem (Letnik et al., 2020; Zhang et al., 2020b), speed-routing problem 443 

(Psaraftis and Kontovas, 2014; Zhao et al., 2019), traveling salesman problem (Roberti 444 

and Wen, 2016; Wang et al., 2020a), and traveling purchaser problem (Cheaitou et al., 445 

2020). 446 

6 Green transport network design 447 

  Logistics activities often cover a region in the form of a network. The need for 448 

appropriate transport network design is critical because of the growing problems caused 449 

by increased road traffic and the problems related to emissions. Different from the VRP, 450 

transport network design tends to be a problem for larger transportation areas, such as 451 

intermodal transportation between continents, and can involve multiple modes of 452 

transportation rather than just vehicles. Hence, companies or governments must 453 

carefully design transport networks to ensure effective transportation and mitigate the 454 

associated problems. This section reviews the papers from several research directions, 455 

i.e., intermodal transportation, green passenger transport networks, aviation and marine 456 

logistics network design, and other related issues. 457 

6.1 Intermodal transportation 458 

  The growing concern about global warming is stimulating the development of more 459 
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sustainable transportation modes. Among them, intermodal transportation is already 460 

considered one of the most effective ways to reduce GHG (Ji and Luo, 2017). 461 

Specifically, intermodal transportation allows the combination of different 462 

transportation modes to exploit each mode’s advantages to the fullest to better cope 463 

with the growing demand for transportation while saving energy and reducing 464 

emissions. With intermodal transportation, cargo can be transported by several 465 

transportation modes (e.g., road, rail, maritime, and air) between its origin and 466 

destination. 467 

  In reality, road transportation is widely used and can provide highly flexible 468 

transportation services, whereas rail transportation can offer cheaper shipping costs 469 

with better reliability. The combination of road and rail transportation modes can take 470 

advantage of the accessibility advantage of road transportation for short- and medium-471 

distance logistics and the economic and reliability advantages of rail transportation for 472 

long-distance logistics (Verma and Verter, 2010). Sun et al. (2019) proposed a bi-473 

objective fuzzy MINLP model with CO2  emissions constraints to investigate a 474 

hazardous materials routing problem in the road-rail intermodal transportation network. 475 

They designed a three-stage exact algorithm combining fuzzy credibilistic chance 476 

constraints, linearization methods, and a normalized weighting method to solve the 477 

model. To achieve a sustainable transport network with centralized freight decisions, 478 

Liu et al. (2019) proposed a nonlinear, nonconvex, and discontinuous MIP model that 479 

considers distance economies of scale, volume economies of scale, and vehicle size 480 

economies of scale for a road-rail intermodal transportation network design problem 481 

involving freight consolidation. They used a GA and PSO algorithm with a batch 482 

strategy to solve the model.  483 

  To improve the green efficiency of transport systems, combining land and water 484 

transport is feasible and effective for coastal areas (Chen et al., 2020). The United States 485 

has proposed the Marine Highway Program to promote the development of intermodal 486 

transport (USDoT, 2021). The European Union has similarly proposed the Motorways 487 

of the Sea Program to enhance the utilization of water transport (EU, 2021). Eighteen 488 

ministries and commissions in China, including the Ministry of Transport, jointly issued 489 

a notice on further encouraging the development of intermodal transport (SCIO, 2016). 490 

Two categories of intermodal transport (i.e., sea-road and sea-rail) are the most common 491 

combinations of land and water transport. In terms of the sea-road transportation system, 492 
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the sea-truck problem has been studied the most.  493 

  To balance the trade-off between economic and environmental benefits, Dong et al. 494 

(2020) proposed a MIP model for a sea-truck intermodal distribution network to 495 

optimally determine how many ships of each type to use, their sailing routes and speeds, 496 

and the network cargo flows involving land and water transport. The model considers 497 

two objective functions (i.e., minimizing transportation costs and emissions). 498 

Baykasoğlu and Subulan (2019) also studied the sea-truck/trailer problem. Zhao et al. 499 

(2018) investigated a stochastic empty container repositioning problem that considered 500 

CO2  emissions and stochastic demand and supply for a sea-rail intermodal 501 

transportation network. They proposed a chance-constrained nonlinear IP model to 502 

minimize the expected value of the total weighted sum of the CO2 emissions-related 503 

and repositioning costs. 504 

  For large volumes of goods over long distances, road-rail-waterway transportation 505 

may be the most flexible and environmentally friendly method. Demir et al. (2016) 506 

studied a road-rail-inland waterway intermodal service network design problem with 507 

travel time and demand uncertainties. They solved a MILP model to obtain robust 508 

transportation plans according to different objectives, such as containing cost, time, and 509 

the amount of GHG emissions. Demir et al. (2019) further proposed a bi-objective (i.e., 510 

economic and environmental objectives) MILP model for a green sea-rail intermodal 511 

transportation network with time-related costs. 512 

6.2 Green passenger transport network 513 

  Constructing transportation infrastructure for public transport has significant and 514 

broad influences on economic growth, social progress, and environmental pollution. 515 

Recently, sustainability has attracted considerable attention from public transport 516 

decision makers because public transport can significantly reduce fuel consumption and 517 

pollutant emissions compared with private car transport. Hence, this subsection reviews 518 

several streams of research on passenger transport networks. 519 

  As urban populations increase, interest in planning and design problems related to 520 

railways is increasing worldwide, especially in the United States (Kang et al., 2014). 521 

Rail planning and design are vital because of the ability of trains to efficiently transport 522 

cargo and passengers in an economical and environmentally friendly manner, which 523 

makes railways part of green logistics. To design a sustainable and cost-effective rail 524 

infrastructure, Kang et al. (2014) proposed a rail transit route optimization model to 525 
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minimize the initial construction cost, life-cycle cost, and penalty cost for violating 526 

design constraints. Wang et al. (2019b) proposed an IP model to find the optimal train-527 

set circulation plan for passenger railway transportation hubs. They applied a GA 528 

heuristic to solve the model. Their computational results showed that in a transportation 529 

hub, train-sets dispatched between stations can contribute to more efficient train-set 530 

circulation plans. Readers interested in more studies on the railway optimization 531 

problem should refer to Zhou et al. (2019a) (passenger train-booking optimization) and 532 

Wang et al. (2021) (train timetable optimization). 533 

  As urbanization accelerates, especially in China, the number of cars is increasing 534 

rapidly, which makes the urban traffic problem increasingly salient. Hence, the 535 

development of public transport has become important for sustainable development 536 

(Zhou et al., 2019b). Jiménez and Román (2016) addressed the problem of allocating 537 

an urban bus fleet to a set of fixed routes while considering new propulsion technologies 538 

and differences between routes and bus types. They proposed a MILP model to 539 

minimize the weighted sum of the various emissions. Chen et al. (2019) investigated a 540 

bus route headway allocation problem under the three uncertainties of passenger 541 

demand elasticity, the randomness of travel time between stops, and abandoned 542 

passenger flow. Their computational results indicated that their model could meet the 543 

goal of sustainable public transport by reducing passenger waiting time and attracting 544 

more passengers to bus travel. Many scholars have studied the bus scheduling problem 545 

and considered aspects such as reducing air pollution (Li and Head, 2009), route 546 

determination (Pternea et al., 2015; Ren et al., 2020), and distribution optimization 547 

based on passenger flows (Gong et al., 2019). Ji et al. (2019) also investigated a new 548 

method for prioritization along signalized corridors for trams that typically run on 549 

exclusive lanes in urban streets.  550 

A “bicycling renaissance” has emerged in the last century (Pucher et al., 1999), and 551 

governments worldwide have invested in bicycle facilities (Duthie and Unnikrishnan, 552 

2014). To promote bicycling as a green traveling mode, Bagloee et al. (2016) proposed 553 

a mathematical method to determine the latent misutilized capacity in congested urban 554 

areas for the creation of exclusive bicycle lanes. To minimize total travel time in the 555 

context of a congested city, they developed a bilevel programming model whose upper 556 

level minimizes the total system cost and the lower level uses a multi-class user 557 

equilibrium traffic flow to reflect users’ behavior. Apart from bicycle lane priority, some 558 
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policies, such as electric bicycles, shared bicycles, and the integration of public 559 

transport and bicycles, have also been studied by scholars. To improve the 560 

competitiveness of bike-and-ride services in inter-zonal areas, Tavassoli and Tamannaei 561 

(2020) developed an IP model to maximize the number of modal shifts from private 562 

cars to bike-and-ride services. 563 

6.3 Aviation and marine logistics network design 564 

  To properly deal with the rapid increase in environmental impacts caused by air 565 

transport, especially pollutant emissions, the goal of the aviation industry in the early 566 

twenty-first century is to make air transport greener (Parsa et al., 2019). Parsa et al. 567 

(2019) proposed a multi-objective MILP model to optimize the airline hub-and-spoke 568 

network, including the location of hub airports, allocation of non-hub airports to hub 569 

airports, airplane fleet composition, and allocation of airplanes. The three objectives 570 

considered in Parsa et al. (2019) were to minimize the total flow and hub establishment 571 

costs, to minimize the amount of GHG and fuel consumption, and to minimize aircraft 572 

noise in the network. 573 

  With the goal of reducing global sulfur emissions from shipping, the International 574 

Maritime Organization (IMO) promulgated Emission Control Area (ECA) regulations 575 

in 2015 to reduce the sulfur content of ship emissions worldwide to 0.5% by 2020 (IMO, 576 

2016). Increasingly strict regulations require shipping to go green as soon as possible. 577 

Zhen et al. (2020) developed a MINLP model to determine the optimal fleet deployment 578 

along routes (including the adoption of green technology), timetables, cargo allocation 579 

among routes, sailing speeds on all legs, and berth allocation considering the 580 

availability of shore power. To minimize total transportation cost, Du et al. (2016) 581 

proposed a MILP model for a liner ship fleet deployment problem with collaborative 582 

transportation to achieve sustainable development. 583 

  Ports are important marine logistics nodes. Reducing air pollution in container ports 584 

is key to the development of green ports. Recently, many ports have begun making 585 

efforts to become green ports. Heilig et al. (2017) investigated a multi-objective 586 

interterminal truck routing problem that considers truck emissions. The three objective 587 

functions considered in the paper were minimizing the cost of hiring trucks, minimizing 588 

the route and service specific costs, and minimizing emissions. Yi et al. (2020) 589 

investigated the sustainable transportation of prefab products from factories to 590 

construction sites by ship. They proposed a large-scale IP model to optimally determine 591 
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loading plans, i.e., which products to load into each cargo hold, how to pack the 592 

products into the holds, and how to minimize the number of holds used. 593 

6.4 Other related issues 594 

  We cannot describe all of the problems we found because of space limits. Other 595 

related issues include urban passenger traffic structure optimization (Li and Lu, 2021), 596 

one‑way traffic reconfiguration planning (Karimi et al., 2021), rescue logistics design 597 

considering CO2  emissions (Boostani et al., 2020), urban underground logistics 598 

network planning (Hu et al., 2020), and urban freight transportation (Pamučar et al., 599 

2016; Bi et al., 2020). 600 

7 New challenges in green logistics 601 

  In addition to the studies on green logistics already introduced, some new challenges 602 

that must be addressed have arisen from the rapid development of new technologies 603 

and new customer demands. In recent years, with the rise of the sharing economy, 604 

shared mobility has become popular, and has attracting much research attention. 605 

Technological developments related to new vehicles, such as smart cars, unmanned 606 

aerial vehicles (UAVs), and electric vehicles, are frequently emerging. We introduce 607 

some related issues at the end of this section.  608 

7.1 Shared mobility 609 

  Shared mobility is increasingly attracting the attention of both industry and academia 610 

because it can reduce traveling costs and emissions. In an environmentally friendly 611 

society, shared mobility has become a powerful force for sustainable development 612 

(Wang et al., 2017). Customer sharing, vehicle sharing, depot resource sharing, and 613 

even comprehensive resource sharing are common in production operations. 614 

Transportation resource sharing has spread to many countries for passenger transport 615 

(Wang et al., 2019a). 616 

  To reduce the external influences of transportation, sustainable alternatives to 617 

individual motorized mobility have been developed over the last few decades. As a 618 

sustainable transport system, bicycle sharing, which allows the use of bicycles for short 619 

periods of time, is becoming increasingly popular. Frade and Ribeiro (2015) developed 620 

a MILP model to maximize demand in a bicycle-sharing system. The proposed model 621 

can help find the optimal fleet size, location and capacity of bicycle stations, and 622 

number of bicycles at each station under the condition of balancing the annual cost and 623 

revenue of the system. Luo et al. (2020) studied a bicycle rebalancing problem which 624 
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is a multiple traveling salesman problem with pickup and drop-off demands to 625 

determine the optimal fleet size and rebalancing strategy. They proposed an IP model 626 

to minimize vehicle travel distances and meet the rebalance demands of clusters. 627 

  As a sustainable transportation mode, ride-sharing, also known as car-sharing or 628 

carpooling, allows drivers to share unoccupied seats with customers. Ride-sharing 629 

relieves road congestion and parking pressure and helps reduce fuel consumption by 630 

increasing the payload of cars on the road. Over the past decade, developments in the 631 

communications field have led to the successful development of ride-sharing, such as 632 

Carpooling.com in Europe, Avego, Zimride and Carticipate in the United States, and 633 

DiDiPinChe in China. Optimization problems in ride-sharing systems are becoming 634 

trickier because of the increasing size of the problem. Naoum-Sawaya et al. (2015) 635 

introduced a stochastic MIP model to optimally determine the allocation of shared cars 636 

considering the uncertainty of vehicle availability, which is actually a car placement 637 

problem in a ride-sharing system. The objective function of the model was to minimize 638 

expected travel time. Stiglic et al. (2016) proposed an IP model for a single rider and 639 

single driver matching problem to maximize the number of matches to investigate the 640 

effects of driver and rider flexibilities. Their computational results showed that slightly 641 

increased flexibility in the earliest departure time and maximum detour time can greatly 642 

increase the matching rate. 643 

  The rapid growth of e-commerce has led to a surge in urban parcel deliveries, putting 644 

significant pressure on last-mile delivery providers. As crowdsourced delivery is more 645 

flexible and less capital intensive than traditional distribution methods, it currently 646 

plays an important role (Zhen et al., 2021). Chen et al. (2018) developed an IP model 647 

for a multi-driver multi-task matching problem with time windows that considers task 648 

transfers between drivers, drivers’ maximum detours, and capacity limits. They 649 

developed two heuristic algorithms to solve the model, and the computational results 650 

showed that crowdsourced delivery was economical and sustainable. 651 

  More problems related to shared mobility have been studied, such as a shared 652 

logistics chain with economic and environmental objectives (Mrabti et al., 2020), an 653 

on-demand rapid transit system integrating shared goods with passengers (Fatnassi et 654 

al., 2015), and the selection of inventory sharing strategies (Liu et al., 2020a). 655 

7.2 New vehicles 656 

  Many scholars have applied OR methods to study problems related to using new 657 
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vehicle technologies, such as smart cars, UAVs, and electric vehicles, instead of manual 658 

gasoline vehicles. As these new vehicle types have vastly different features compared 659 

with traditional gasoline vehicles, more research has been done on them. 660 

  Smart cars are automobiles with advanced driving assistance systems that provide a 661 

more enjoyable driving experience and safety assurances. An autonomous vehicle is a 662 

smart car that can sense its environment and move safely with little or no human help. 663 

Conceição et al. (2020) proposed a MINLP model for a reversible lane network 664 

planning problem to make optimal traffic assignment and reversible lane decisions. 665 

They found that reversible lanes can help reduce road congestion, delays, and travel 666 

times up to 36%, 22%, and 9%, respectively. Lin et al. (2021) studied a multi-objective 667 

optimal planning problem of dedicated connected lanes for autonomous vehicles. They 668 

developed a multi-objective bilevel model to minimize the system’s total costs 669 

including travel cost, lane construction cost, and emission cost in the upper level, and 670 

they introduced a multi-class network equilibrium with heterogeneous traffic in the 671 

lower level.  672 

  UAVs are expected to revolutionize the logistics industry worldwide. Leading 673 

logistics and e-commerce companies, such as DHL (Banker, 2013) and JD (JDX, 2017), 674 

are testing using UAVs to deliver parcels. Advances in UAV technology have increased 675 

the use of UAVs in transportation, which means that traffic associated with the 676 

operation of UAVs is a major problem. Eun et al. (2019) introduced a two-phase method 677 

to compare UAVs with traditional ground vehicles in terms of their levels of 678 

environmental protection. The optimal delivery plans for UAV-alone and ground 679 

vehicle-alone systems were determined by solving a VRP model with multi-sharable 680 

depots and multi-trips in phase one. In phase two, CO2  emissions were calculated 681 

given the distance of the optimal routes from phase one. Li et al. (2020) proposed a 682 

MILP model with vehicle-type and half-side traffic restrictions to investigate the impact 683 

of UAV delivery on sustainability and costs. They found that UAV delivery more 684 

effectively reduces CO2  emissions and costs under the vehicle-type restriction than 685 

under the half-side traffic restriction. 686 

  As the amount of CO2 emissions is increasing rapidly, many countries are shifting 687 

toward electric vehicles. Compared with vehicles that consume fossil fuel, electric 688 

vehicles are environmentally friendly, and their operating cost is quite low. Specifically, 689 

the operating costs of fossil fuel and electric vehicles are two cents and more than 12 690 
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cents per mile, respectively (Abouee‐Mehrizi et al., 2021). One of the main research 691 

directions regarding electric vehicles is the electric VRP. Compared with the traditional 692 

VRP, the electric VRP must consider recharging stations. Assuming that a partially 693 

discharged battery can be recharged at any available station, Macrina et al. (2019) 694 

proposed a MILP model for a comprehensive energy consumption problem that 695 

considers loaded cargo, speed, deceleration, acceleration, mixed vehicle fleet (electric 696 

and conventional vehicles), time windows, and road gradients. Goeke (2019) developed 697 

a MIP model for a pickup and delivery electric VRP with time windows and capacity 698 

limits for energy consumption and cargo. They allowed for vehicles to be recharged 699 

when stopped at dedicated stations. Resource distribution in the smart grid for electric 700 

vehicles has also been widely studied by scholars. With the aim of minimizing the 701 

present value of net electricity and emission costs, Hajimiragha et al. (2011) developed 702 

a robust optimization model that considered the limits of the electricity grid and the 703 

transport sector to integrate electric vehicles into the electric grid. Reddy et al. (2016) 704 

proposed a dual-objective (emissions and operating costs) programming model to solve 705 

a distributed resource scheduling problem in the smart grid for electric vehicle 706 

deployment. 707 

  Other studies on electric vehicles consider the management of traffic congestion with 708 

subsidies (Wu et al., 2020), an electric VRP with backhauls (Granada-Echeverri et al., 709 

2020), road pricing for electric and gasoline vehicles (Xi et al., 2020), the allocation of 710 

electric vehicles in parking lots (Neyestani et al., 2014), lane expansions for electric 711 

vehicles (Cheng et al., 2020), electric vehicle fleet renewal (Kuppusamy et al., 2017), 712 

and electric vehicle fleet deployment (Schiffer et al., 2021).  713 

7.3 Other related issues 714 

  In addition to these two categories, a number of new research directions have been 715 

investigated. To decrease transportation costs, shippers often outsource transportation 716 

activities to logistics companies. To further reduce transportation costs, Santos et al. 717 

(2021) presented a collaborative collection method to allow orders to be picked up from 718 

producers in the backhauling routes of leading retailers or third-party logistics providers. 719 

They proposed a multi-objective MIP model to minimize operational costs, fuel 720 

consumption, and operational and CO2 emissions. Their computational results showed 721 

that the collaborative collection method can help reduce global fuel consumption and 722 

operation costs by 26% and 28%, respectively. 723 
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  Fleet renewal optimization, especially converting to electric fleets, is another hot 724 

research topic. Stasko and Gao (2010) proposed an IP model to study an integrated 725 

problem with vehicle purchase, retrofit, and aggregated task assignment decisions to 726 

reduce transit fleet emissions. Ahani et al. (2016) proposed an optimization framework 727 

based on portfolio theory that considers the risks and costs related to uncertainties in 728 

certain input parameters to determine an optimal fleet replacement plan.  729 

8 Conclusions 730 

  We conclude this paper by summarizing our main findings and by providing outlooks 731 

on future research directions. 732 

8.1 Summary 733 

  In this paper, we have conducted an up-to-date review of papers that combine green 734 

logistics and operations research. After analyzing 816 papers, this review makes two 735 

relevant contributions. First, it provides a comprehensive review of the key topics to 736 

advance understanding of the state of research on green logistics. Second, this paper 737 

identifies several directions for further research, especially those considering the long-738 

term impacts of the COVID-19 pandemic. However, this study has two potential 739 

extensions for the current writing. First, the specific model formulation and algorithm 740 

design can be introduced in detail. Second, a chronological overview of the 741 

development of research methodologies for a specific problem can be focused in the 742 

future. 743 

8.2 Suggestions for further research directions 744 

  In recent years, the development of the sharing economy has provided significant 745 

energy savings and emissions reductions. The sharing economy, e.g., crowdsourced 746 

delivery and bike sharing, allows better use of existing resources. In addition, 747 

inventions such as electric vehicles and electric bikes improve the feasibility of green 748 

logistics. Hence, planning the use of these new technologies is important. 749 

  Proper pricing for externalities, such as the release of GHG and other emissions, is a 750 

highly effective strategy to reduce pollution. Determining how to get individuals, 751 

companies, or governments to reduce their emissions through reasonable pricing is a 752 

very complex research topic. For example, some international organizations use 753 

average indicators to assess ship emissions, such as the average emissions per nautical 754 

mile, and if the actual emissions of a ship exceed a certain number, the shipping 755 

company is fined. However, using these average indicators may result in some ships 756 

sailing empty to reduce their average emissions, which actually increases emissions. 757 
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Hence, the proper pricing of externalities requires more detailed investigation. 758 

  As noted, the long-term impacts of the COVID-19 pandemic need more research 759 

attention in relation to green logistics problems. Since the start of the pandemic, some 760 

new modes, such as working from home and online meetings, have been widely adopted. 761 

How to improve logistics services, especially in a green manner, to meet the demands 762 

of these new living and working patterns must be further studied. In addition, global e-763 

commerce showed a dramatic rise, reaching 26.7 trillion US dollars (UN, 2021), which 764 

undoubtedly poses a huge challenge for last mile delivery services. How to deal with 765 

problems related to the e-commerce boom in a green manner should also be studied. 766 
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