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This paper addresses a multi-period inventory routing problem (IRP) where capacitated vehicles distribute products from multiple suppliers to one retailer to meet the given demand of products. The demand associated with retailer is assumed to be time varying and deterministic. Greenhouse gases emission is a major concern globally since they are key players in global warming. Routing decisions can help in the reduction of Greenhouse gases emissions if these emissions are taken into account by the decision makers. Also, the transshipment option as one of the main topics of this paper is considered in the proposed model. The transshipment option is one of the most recent things that can be considered today in supply chain management. This option makes the vehicle meet the required product of a node directly from the product supplier's node or from a node previously stored in a product temporarily. As a result, it reduces greenhouse gases and costs by reducing the distance traveled. The proposed model is a mixed-integer linear program that coded and solved in GAMS. We provide a numerical study showing the applicability of the model.

Introduction

Global warming is among the greatest challenges of this century, which is mainly caused by carbon dioxide (CO2) emissions. To respond to the challenge and control carbon emissions effectively, many governments and researchers have begun to pay close attention to green logistics. Despite the fact that the concept of "green logistics" has recently attracted the attention of the researchers, few studies have addressed the environmental concerns in their IRP model [START_REF] Alkawaleet | Inventory routing problem with CO2 emissions consideration[END_REF][START_REF] Shamsi | Pollution-inventory routing problem with perishable goods[END_REF]. Although [START_REF] Soysal | Modeling a green inventory routing problem for perishable products with horizontal collaboration[END_REF][START_REF] Soysal | Closed-loop Inventory Routing Problem for returnable transport items[END_REF] have considered CO2 emissions of the vehicles, but they assumed a homogenous fleet, converse to the heterogeneous fleet in our model where the various vehicle types with different capacity, environmental index, transportation cost and fixed cost are available. Additionally, very few studies on IRP has been devoted to the transshipment policy [START_REF] Al-E-Hashem | Multi-product multi-period Inventory Routing Problem with a transshipment option: A green approach[END_REF][START_REF] Coelho | The inventory-routing problem with transshipment[END_REF] and none of these none-traditional approaches has applied the multi objective framework to elaborate the inherent conflict between economic aspects and environmental concerns in IRP decisions. Our problem is also classified as a many-to-one structure. There are very few studies in this category [START_REF] Soysal | Closed-loop Inventory Routing Problem for returnable transport items[END_REF] under which a set of suppliers serve a single retailer. Our paper contributes to the existing investigations by considering the transshipment impact on both the economic and the environmental performance of a deterministic IRP in a many-to-one supply chain.

Model definition

The inventory routing problem (IRP) can be stated as follows: Given one retailer with known demand, a set of potential suppliers and rental vehicle company (Depot) that ships the products from the suppliers to the retailer in each period, determine the inventory and vehicle routes from the depot to the retailer, Amount of transshipment products to minimize the sum of the costs associated with inventory, distribution to the retailer, GHG emission and vehicles' fixed and variable cost. Each supplier provides one product type for the retailer. The rental vehicle company has several types of vehicles, each one is characterized by its own capacity, fixed and variable transportation cost rate and its GHG emission index. Each vehicle starts the travel from a depot and has end to a retailer. The notations and mathematical formulation are as follows: 
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The first part of the objective function (1) represents the minimization of the sum of inventory holding costs, transportation cost and vehicles' fixed cost. The second part of the objective function (1) represents the minimization of greenhouse gases emissions cost. Constraint ( 2) is an inventory balance equation at the suppliers and determines that the inventory level for product type p at the supplier i in period t is equal to its previous inventory level plus transshipped by the vehicles in period t minus the quantity picked up by the vehicle in period t. Constraint (3) is an inventory balance equation at the retailer that implies the inventory level for product p in current period is equal to its previous inventory level in addition to the total quantity delivered by the vehicles minus its demand in the current period. Constraint (4) guarantees that the vehicle's capacity should not be exceeded. Constraint ( 5) is an inventory balance equation for the arc(i, j) visited during period t and ensures that the quantity of product type p shipped from supplier i in period t is equal to the quantity of that product shipped to this supplier plus the quantity of that product picked up by the vehicle minus the quantity. Constraints ( 6) and ( 7) guarantees that trip begin at depot and finishes at retailer. Constraints (8) and ( 9) assure that each route can be served at most once. Constraints (10) are sub-tour elimination constraints. Constraint (11) limits the number of type k vehicles available in period t to a given quantity. Constraint (12) ensures that the amount of products picked up from each supplier do not exceed the amount of products transshipped to the supplier and the capacity of the vehicle. Constraint (13) guarantees that the amount of products picked up from each supplier in each period will not exceed the supplier's inventory level from the previous period. Constraint (14) specifies that the vehicles are moving empty from the depot to the suppliers. Finally, Constraint (15) defines the variable types.

Experimental result

In this section we solve a small-scale example to help understand the model. Suppose 1depot, 1retailer, 5supplier and 3 vehicles are present. Retailer's demand is deterministic and the planning time horizon is assumed to be 3 periods. First, we want to identify the used vehicles then we want to determine the best route for allocation to retailer and in the end we want to determine the inventory level for each product in each node. Also we want to identify the amount of product that pick up or transshipment. The information on the capacity and cost rate for 3 vehicles are summarized in Table 1. The travel distances are provided in Table 2. Table 3 shows the demand for retailer for each product per period. The average permitted GHG emission levels among all periods is assumed to be 100. We also assume that the Price of GHG per unit mass (equal to 2). Finally, we assume there is one of any kind of vehicle Table 4 shows inventory holding cost in each node.

Vehicle type (k) 

k v k u k Q k GHG
p 1 p 1 1 1 1 0 1 s 1 1 1 0 1 2 s 1 1 0 1 1 3 s 1 0 1 1 1 4 s 0 1 1 1 1 5 s 9 9 9 9 9 r Table 4

-Inventory holding cost

The proposed model is solved by GAMS 24.1.2. We used goal programming for solve this model. In Table 5, the decision variables are reported for the 3 periods. In Table 6, the quantity of products transferred is specified. With these values it is determined that in the first period 40 units of the third type of products are taken from the third node and transship to the second node and stored for one period. In the second period, the distance has been shorter. In this way, it does not go to node number 3, and from the first node, in addition to the first type products, is also taken the third type products. In Table 7, Objective function value is decomposed into different parts.

Table 5 -Vehicles rout

The path is traversed Used Vehicles Time period 
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Conclusion

The efficient routing of vehicles in a company's distribution network results in economic and, in most cases, in environmental benefits. Inventory and scheduling of deliveries are two crucial operational decisions in logistics distribution management. In this study, a mathematical model was presented to address a multi-period, multi-product Inventory Routing Problem in a many-to-one supply chain network. To validate and verify the proposed model we solve a small-scale example. 

Table 1 -Vehicle characteristics o

 1 

		1	16				300			120	2
		2	14				400			120	2
		3	12				500			120	2
			s	1	s	2	s	3	s	4	s	5	r
	o	0	2	4	3	5	2	10
	s	1	2	0	3	2	6	5	1
	s	2	4	3	0	4	7	6	3
	s	3	3	2	4	0	5	4	7
	s	4	5	6	7	5	0	4	3
	s	5	2	5	6	4	4	0	2
	r	10	1	3	7	3	2	0

Table 2 -Travel distances
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			t	1	t	2	t	3
	1 p	40	60	30
	p	2	60	20	90
	p	3	60	40	70
	p	4	70	80	60
	p	5	20	40	60

Table 3 -Demand of retailer
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	2	p	3	p	4	p	5

Table 6 -transferred products
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	Objective function value	cost
	First objective	3994
	Second objective	122

Table 7 -Objective function value
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