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Abstract: Sustainability and energy savings have attracted considerable attention in recent years. However, in the traditional
location-routing problem (LRP), the objective function has yet to minimize the distance traveled regardless of the amount of
energy consumed. Although, distance is one of the major factors determining the energy consumption of a distribution
network, it is not the only factor. Therefore, this chapter explains the development of a novel formulation of the LRP that
considers energy minimization, which is called the energy-efficient location-routing problem (EELRP). The energy
consumed by a vehicle to travel between two nodes in a system depends on many forces. Among those, rolling resistance
(RR) and aerodynamic drag are considered in this chapter to be the major contributing forces. The presented mixed-integer
non-linear programming (MINLP) finds the best location-allocation routing plan with the objective function of minimizing
total costs, including energy, emissions, and depot establishment. The proposed model can also handle the vehicle-selection
problem with respect to a vehicles’ capacity, source of energy, and aerodynamic characteristics. One example is presented to
illustrate the formulations presented in this chapter.
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1. Introduction
The problem addressed in this chapter is the energy-efficient location-routing problem (EELRP). The traditional
location-routing problem (LRP) is a combination of the location-allocation problem (LAP) and the vehicle-routing problem
(VRP) or energy-efficient vehicle-routing problem (EEVRP). The LAP involves finding a set of distribution centers (DCs)
among potential DCs and assigning customers to them. The VRP originated from the traveling salesman problem (TPS) and
is defined as the problem of finding a set of routes originating from depots to serve customers. Each customer must be visited
only once, and all vehicles should return back to the same depot from which they departed. The demand of customers should
not exceed the vehicle capacity. The objective of the VRP is usually minimization of transportation cost based on distance
traveled. It has been vastly investigated by researchers (Laporte, 1992; Laporte, et al. 1988; Laporte et al., 2000; Eksioglu et
al., 2009).
The increase in fuel costs and other problems caused by fuel consumption, such as emissions, carbon footprint,
global warming, etc., increases the importance of an energy-efficient and emission-efficient LRP. Although the number of
research and methods developed for the LRP is significant, research is limited relative to the LRP with the objective function
of minimizing emissions and energy consumption. Kara et al. (2007) present an energy minimization objective function for
the VRP in which all vehicles are identical and have the same capacity, and the problem is separately investigated for
symmetric and asymmetric distance matrix. Also, the formulation solves for both the collection problem and the delivery
problem. Gusikhin et al. (2010) present a heuristic for solving a mixed-fleet VRP for minimizing fuel consumption and
environmental emissions. This heuristic is a variation of the multi-label shortest-path problem, and they did not consider
vehicle weight as one of the contributing factors for fuel consumption and emissions. Artmeier et al. (2010) present a generic
shortest-path algorithm for battery-powered vehicles in which constraints such as limited cruising range, long recharge times,
and energy recovery ability are considered. In that method, the graph theory is applied for formulating and solving the
problem.
The main objective of this paper is to develop a formulation for EELRP that reflects the impacts of energy
consumption and emissions in the LRP while taking into consideration: (1) Heterogeneous vehicle selection problem in
which vehicles have different capacities, aerodynamic characteristics, and source of energy. (2) Both rolling resistance and
aerodynamic drag forces.(3) Development of a formulation for EELRP that can solve problems with a symmetric or
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