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This paper presents an Energy Management System (EMS) for hybrid systems (HS) composed by a combi-
nation of renewable sources with the support of different storage devices (battery and hydrogen system)
that allow its operation without the necessity of grid connection (i.e. a stand-alone system).

The importance of the proposed EMS lies in taking into account economic issues that affect to the
decision of which device of the HS must operate in each moment. Linear programming was used to meet
the objective of minimizing the net present value of the operation cost of the HS for its whole lifespan.
The total operation costs depend largely on the reposition costs of its components. Instead of considering
predefined reposition years for each component and calculate their net present cost from them (as is
commonly considered in other works), in this work it was proposed to use lifetime degradation models -
based on the well-known statement that the lifetime depends on the hours of operation and the power
profiles that the components are subjected to- from which the repositions are made to check how they
affect to the cost calculation and, consequently, to the EMS performance.

The behavior of the proposed control is checked under a long term simulation, in MATLAB-Simulink
environment, whose duration is the expected lifespan of the HS (25 years). A conventional state-machine
EMS is used as a case study to validate and compare the results obtained. The results demonstrate that
the proposed HS and EMS combination assures reliable electricity support for stand-alone applications
subject to different techno-economic criteria (generation cost and sustenance of battery SOC and hydro-
gen levels), achieving to minimize the operation cost of the system and extend their lifespan.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The transition from today’s power system to a future infras-
tructure characterized by a higher amount of distributed renew-

The development of hybrid systems (HS) which combine renew-
able energy sources with energy storage devices is seen as an im-
portant asset for rural electrification and reducing the greenhouse
gases emissions (Alonso, Amaris, & Alvarez-Ortega, 2012; Hajizadeh
& Golkar, 2010). The operation of these systems requires a thor-
ough study of different parameters such as optimal sizing, place-
ment, design and control that affect power generation (reliability,
power quality, efficiency, etc.) and economic (acquisition, operation
and replacement costs, etc.) aspects.
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able systems (including HS) will require the support of expert and
intelligent systems to deal with the following problems: variable
generation, unbalance among generators and loads, limited storage
capacities of storage systems and economic issues related to elec-
tricity prices and operation costs.

Therefore, the success in a widespread usage of HS based on
renewables is inevitably linked to the minimization of their costs.
There are a large number of papers that propose to minimize the
cost of the HS in their design stage, i.e. in the process of sizing
the HS components. Finding the optimum sizing of these compo-
nents subject to a broad range of technical, economic or environ-
mental constraints is a complex problem that requires the use of
expert and intelligent systems to be solved. This kind of works
studies how different designs generated from complex algorithms
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