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Abstract: This paper deals with the vehicle routing problem involving simultaneous loading and 

unloading of goods with different temperature regimes. Existing modifications of the problem as well 

as current software products do not focus on the transport of goods with different temperature 

regimes. In this paper, restrictive conditions for the joint transportation of goods with multiple 

temperature regimes are determined, which can be used within various types of optimization 

algorithms that address vehicle routing problems. Considering the proposed conditions in these 

algorithms will increase the utilization of the vehicle payload, and load space while complying with 

the established mandatory rules for the transport of foodstuffs. This will reduce the number of 

journeys required to carry out the transport, thus resulting in savings in operating costs. 
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1. Introduction 

Vehicle routing problem (VRP) is a very topical issue in the field of road transport and logistics, 

involving the distribution of the required quantity of goods, products, materials, etc. from one or more 

depots to other vertices of the network (serviced vertices) using a certain number of available vehicles, 

each of which has a defined specific payload, loading area size, and load space size (hereinafter 

referred to as capacity). Each vehicle departs from the depot and, after covering its transport route, 

returns to the point from which it departed (i.e., the same depot). The goal is to schedule the 

distribution so that the total transportation cost is minimal. In the case of a simpler problem where 

the products are delivered from a single depot, the Clark-Wright algorithm is used, while for more 
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complex problems with multiple depots, the Tillman and Cain algorithm is recommended [1]. More 

recent methods for solving these types of problems include the so-called metaheuristics [2]. In their 

basic form, these methods assume a homogeneous fleet and do not consider factors such as time 

windows or the complexity of transporting goods with different temperature regimes. VRP is also 

applicable to shopping centers, where the configuration of the road network influences the design and 

construction of their distribution routes [3]. The decision of selecting appropriate routes to bypass 

potential closures is addressed by [4].  

2. Analysis of the Development and Current State of Solving Vehicle Routing Problem  

Vehicle Routing Problem has a wide range of applications. Practical problems are most often solved 

using various modifications of heuristic algorithms. To determine the current state of solving various 

types of the vehicle routing problem, an analysis of professional publications and specialized software 

was performed. 

The most commonly used method algorithm for solving the Vehicle Routing Problem is the 

heuristic method proposed by Clarke and Wright in 1964, which operates with a homogeneous fleet 

and a single depot. The basic version of the problem addresses only capacity constraints [5]. 

However, there are many additional constraints that can be incorporated into the basic problem. 

Since its introduction, the Clark-Wright method has undergone many modifications. These 

include a variant for the multi-depot problem [6], extension to address the simultaneous collection 

and distribution of goods [7], and modifications to the original savings criterion [8]. In some 

modifications, the optimization criterion is travel time [9], while in others, the criterion incorporates 

additional customer requirements [10]. Other modifications of the algorithm use probabilistic 

approaches [11] or solve the problem using computer simulation [12]. 

A modern trend in solving the Vehicle Routing Problem involves the use of metaheuristics. These 

are advanced heuristic methods that build upon other types of heuristics, often inspired by the 

reflexive behavior of animals or working with natural phenomena. The most commonly used 

metaheuristics include genetic algorithms, simulated annealing, climbing algorithms, or ant colony 

optimization (ACO) [2]. The ACO algorithm, designed by Marco Dorigo in 1992 [13], is based on 

the group foraging behaviors of ants. Although their movement is seemingly chaotic when examined 

individually, ants move systematically and along an optimal path. 

2.1 Practical Applications of the Vehicle Routing Problem 

Various modifications of heuristic algorithms are most often used to solve the Vehicle Routing 

problem in practice; it is also quite common to use a combination of some heuristics with the Clark-
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Wright algorithm. The modification of the algorithms is always individual, depending on the nature 

of the problem to be solved.  

Metaheuristics or their combination with the Clark-Wright algorithm have been used to solve 

problems in many fields. [14] dealt with the simultaneous collection and distribution of refrigerated 

goods for a single depot. They proposed their own heuristics based on the principle of genetic 

algorithms. A hybrid heuristic algorithm was applied to the mail delivery problem in [15]. The 

algorithm is a combination of the Clark-Wright and metaheuristic algorithm. The combination of 

metaheuristics in solving the VRP is also used by [16] and [17]. [18] used the Clark-Wrigt algorithm 

for the distribution of food from restaurants to customers. 

The research by [19] addresses the reverse logistics problem with cross-docking, while [20] focus 

on the Vehicle Routing Problem considering time windows and heterogeneous vehicle fleet. The 

researchers deal with the problem of distributing goods to customers, including installation using two 

heterogeneous fleets. 

The comparison of different types of metaheuristic methods combined with the Clark-Wright 

algorithm provides interesting results. The research by [21] compares two types of heuristics with the 

Clark-Wright algorithm in the drug distribution domain. The study by [22] deals with the issue of 

green logistics. To reduce the cost of fresh food distribution and achieve the goal of green logistics, 

the GFLHF-VRP model (Green Fresh Food Logistics with Heterogeneous Fleet Vehicle Route 

Problem) was introduced. A new approach to the modeling of environmental risk assessment in the 

transport sector is introduced by [23]. 

The above review shows that the use of the Clark-Wright algorithm or a combination of some 

types of metaheuristics is a common approach to solving the Vehicle Routing Problem under different 

parameters and conditions. The use of different modifications of the Clark-Wright algorithm appears 

to be more efficient than metaheuristic methods in some cases. However, none of the aforementioned 

studies has addressed the problem of transporting goods with different temperature regimes, which is 

the focus of this paper. We propose adding a specific constraint that will facilitate the transport of 

goods with three different temperature regimes, in accordance with the Agreement on the 

International Carriage of Perishable Foodstuffs and on the Special Equipment to be Used for such 

Carriage (UNECE) [24].    

The proposed constraint can be included as an additional condition to the set of existing 

constraints in methods addressing the Vehicle Routing Problem. When programmed and incorporated 

into special software for the scheduling of the Vehicle Routing Problem, it will allow optimizing the 

transport of goods with three different temperature regimes while following the conditions of the ATP 

Agreement. This will enable increasing the use of payload and vehicle load space. 
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2.2 Software for the Vehicle Routing Problem 

In addition to scholarly publications, four available software packages designed for the vehicle 

routing problem, which are used by carriers to optimize their transport operations, were analysed. The 

aim is to enhance their efficiency regarding the use of vehicle payload, minimising the transport 

distances, and reducing the transport time. The analysed software packages include Plantour [25], 

Rinkai Routing [26], Tasha [27], Kira [28]. 

The specialized software products mentioned in the paper are presented as examples of computer-

aided tools in the field of perishable foodstuff transport. The paper states that the addressed constraints 

are not included. The use of the aforementioned software products was thus not possible. Moreover, 

these software products cannot be modified due to the rights of their authors. The paper proposes a 

suitable extension of these software products in future versions, as this is an important and interesting 

aspect for transport operators handling foodstuffs.  

3. Task Characteristics 

When addressing complicated transport problems, it is necessary to apply a systematic approach 

involving decomposition of the problem into manageable subtasks. In the context of the Vehicle 

Routing Problem, a complex problem is the determination of routes that comply with restrictive 

conditions. Routes can be determined using the Clark-Wright algorithm or metaheuristic methods 

such as simulated annealing, climbing algorithms, genetic algorithms [2], or ant colony optimization 

[13] can be used. However, it is always necessary to adapt these algorithms to the specific 

characteristics of the problem. 

Assume a situation where the problem has already been decomposed into subtasks. One of them 

is determining the admissibility of the generated route in terms of cargo temperature regimes. When 

using the Clark-Wright algorithm, the optimization criterion is to maximize the resulting savings. The 

maximum value element is always selected from the savings matrix, determining which routes will 

be combined into one. The restrictive condition for merging routes is vehicle capacity; the sum of the 

cargo capacities of the two merging routes must not exceed the allowed vehicle capacity. Constraints 

on the allowed temperature regimes serve as an additional restrictive condition for the task. Routes 

will only be merged   if the combined cargo does not exceed vehicle capacity and if the merging is 

admissible in terms of different temperature regimes. An admissibility test for temperature regimes 

should be carried out at each vertex of the new route projected. The test should be carried out first for 

unloading and then for loading the vehicle. 
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4. Design of the Restrictive Condition for Solving 

The principle of solving the problem is to determine the states of the cargo temperature regime that 

can occur before unloading goods and to determine the transitions between the states of the cargo 

regime after unloading. A similar procedure is repeated for vehicle loading. Since unloading always 

precedes loading, the cargo temperature regime must always be verified in the order given, i.e., 

unloading of the goods followed by loading. 

Variables used: 

auto_N  the quantity of non-frozen goods loaded on the vehicle, 

auto_M  the quantity of frozen goods loaded on the vehicle, 

unloading_N the quantity of non-frozen goods unloaded at the vertex, 

unloading_M the quantity of frozen goods unloaded at the vertex, 

loading_N  the quantity of non-frozen goods loaded at the vertex, 

loading_M  the quantity of frozen goods loaded at the vertex, 

cargo_mode the temperature regime of the cargo loaded on the vehicle, 

vehicle_mode the temperature regime of the vehicle. 

 

Each vehicle has a defined temperature regime (vehicle_mode). This variable represents the 

allowed temperature regime for the cargo in the vehicle. It can take the values M, N, M + N, N + M, 

K, where: 

M means that the vehicle can only transport frozen goods 

N means that the vehicle can only transport non-frozen goods (dry or chilled, which can be 

transported together) 

M + N  means that the vehicle can transport goods in a combination of temperature regimes 

(the vehicle must have a bulkhead); the order of the regimes must be observed, i.e., frozen goods are 

loaded first, then non-frozen goods, and vice versa for unloading 

N + M means that the vehicle can transport goods in a combination of temperature regimes 

(the vehicle must have a bulkhead); the order of the regimes must be observed, i.e., non-frozen goods 

are loaded first, then frozen goods, and vice versa for unloading 

K means that the vehicle can transport goods in a combination of temperature regimes (the 

vehicle must have a bulkhead); the order of regimes does not matter 

The vehicle enters a vertex (which can be either a served vertex or a depot) in the cargo_mode 

regime. This state variable can take the values P, M, N, M + N, N + M, K, where: 

P means an empty vehicle: auto_M = 0 ᴧ auto_N = 0. 

M means that only frozen goods are loaded on the vehicle:  auto_M > 0 ᴧ auto_N = 0. 

N means that the vehicle is only loaded with non-frozen goods (dry or chilled, which can be 

transported together): auto_N > 0 ᴧ auto_M = 0. 



 

102 
 

M + N  means that the vehicle is loaded with both frozen and non-frozen goods (the vehicle 

must have a bulkhead), with the non-frozen goods unloaded first: auto_M > 0 ᴧ auto_N > 0. 

N + M means that the vehicle is loaded with both non-frozen and frozen goods (the vehicle 

must have a bulkhead), with the frozen goods unloaded first: auto_M > 0 ᴧ auto_N > 0. 

K  the vehicle is loaded with a combination of frozen and non-frozen goods, regardless of the 

order (this can occur, for example, if both frozen and non-frozen goods are loaded into an empty 

vehicle at one vertex, all of which are unloaded at the next vertex of the route): auto_M > 0 ᴧ auto_N 

> 0. 

When arriving at the vertex, the quantity (auto_N + auto_M) is already loaded on the vehicle. 

After arriving at the vertex, the goods are unloaded first. The quantity of goods unloaded at the vertex 

is given by (unload_N + unload_M). The transition between the states during unloading is shown in 

Figure 1. An example of the transition between the states during unloading can be seen in Table 1. 

 

Table 1 The example of transitions between states during unloading. Source: authors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cargo 

regime 

before 

unloading  

Description of unloading 

 

Cargo 

regime 

after 

unloading 

M+N 

 

unloading_N = auto_N ᴧ unloading_M = 0 

0 < unloading_N < auto_N ᴧ unloading_M = 0 

0 < unloading_N < auto_N ᴧ unloading_M = 0 

unloading_N = auto_N ᴧ unloading_M = auto_M 
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0 < unloading_M < auto_M ᴧ unloading_N = 0 

unloading_M = auto_M ᴧ unloading_N = 0 

unloading_M = auto_M ᴧ 0 < unloading_N < auto_N 

unloading_M = auto_M ᴧ unloading_N = auto_N 
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Fig. 1 Transition between the states during unloading. Source: authors 

 

Situations that could occur during unloading but are not permissible according to the algorithm 

are not shown in the graph. These scenarios are described in Table 2. 

 

Table 2 Non-permissible unloading situations. Source: authors 

 

 

 

 

 

 

 

 

Cargo regime 

before unloading  Description of unloading 

 

Cargo regime 

after 

unloading 

 

M+N 

0 < unloading_M ≤ auto_M ᴧ 
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NOT 
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The table detailing transitions between states during loading is created in a similar way as in 

Table 1 for unloading. 

After unloading, loading takes place at the vertex. The quantity of goods loaded at the vertex is 

determined by (loading_N + loading_M). The transition between cargo regime states during loading 

is described in Figure 2. The vehicle regime must be checked if an empty vehicle is being loaded or 

if goods are being loaded with a different temperature mode from that of the goods already loaded on 

the vehicle. If loading goods of the same temperature regime as the goods already loaded on the 

vehicle, vehicle regime verification is not necessary as it must be compatible with the regime of the 

goods already loaded. 

 

 
Fig. 2 Transitions between states during loading. Source: authors 

Again, situations that could occur during loading but are not permissible according to the 

algorithm perspective are not included in the graph.  

If the cargo regime upon leaving the depot is K, the regime must be adjusted based on the change 

in the state at the next served vertex. The adjustment is omitted if all frozen and chilled goods are 

unloaded at the vertex immediately following the depot, resulting in a change of the cargo regime to 

P. Otherwise, the cargo regime must be adjusted at the depot. If unloading takes place at the first-
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served vertex, the change in the state at the depot is governed by this vertex. If there is no unloading 

at the first-served vertex, the change in the state in the depot is governed by the loading at the first-

served vertex.  

5. Discussion 

The paper analysed the Vehicle Routing Problem for different types of goods, drawing from both 

literature and specialized software. It has been found that different modifications of heuristic 

algorithms or combinations of some types of metaheuristics involving different parameters and 

conditions are most often used to solve the Vehicle Routing Problem in practice. The modification of 

algorithms for solving a particular practical problem is usually tailored to the nature of the problem 

being addressed.  

However, the possibility of simultaneous transport of goods with multiple temperature regimes 

in a vehicle has not been addressed yet. Therefore, this paper presents a potential solution to this 

problem. We proposed an additional restrictive condition based on the principle of identifying the 

states of the cargo temperature regime that can occur before loading or unloading the goods and 

subsequently determining the transitions between the states of the cargo regime after loading or 

unloading. Incorporating this condition into existing software would enhance the efficiency of solving 

the Vehicle Routing Problem and would lead to a reduction in overall transportation cost. 

6. Conclusion 

The Vehicle Routing Problem is a complex issue that involves numerous constraints in addition to 

the primary criterion. When dealing with similar complex tasks, a systematic approach should be 

applied that involves decomposing the problem into subtasks. One of these subtasks is solving the 

combination of transporting goods with different temperature regimes in a single vehicle. For a 

specified potential route of a vehicle, whose admissibility in terms of other constraints (capacity, 

time, etc.) has already been verified, its admissibility in terms of the combination of cargo temperature 

regimes at all points along the route must also be verified. The admissibility should be verified at the 

depot at the start of the route, at all served peaks of the route, and again at the depot at the end of the 

route. 

The paper presents a possible solution to this task. During unloading and loading, the 

admissibility of the proposed route must always be verified at each of the vertices served. The solution 

involves determining the pre- and post-unloading conditions of the cargo temperature regime, with a 

similar procedure repeated for vehicle loading. Figures 1 and 2 illustrate the variants of cargo regime 

states before loading/unloading, describe the change of the state that occurs during loading/unloading, 

and the resulting state. 
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A considerable advantage of decomposing a complex problem and solving individual subtasks 

separately is the possibility of incorporating a subtask into different types of optimization algorithms. 

Furthermore, a subtask of combining transport of goods with different temperature regimes in a single 

vehicle can be analyzed and solved separately and then integrated into different types of optimization 

algorithms to solve the Vehicle Routing Problem, such as the Clark-Wright algorithm or different 

types of metaheuristic algorithms, including the nearest neighbor algorithm, simulated annealing, or 

other types of heuristics. 
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