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1. Introduction

Standalone (off-grid) renewable energy systems supply electricity in places where there is no
access to a standard electrical grid. These systems may include photovoltaic generators, wind turbines,
hydro turbines or any other renewable electrical generator. Usually this kind of system includes
electricity storage (commonly, lead-acid batteries, but also other types of storage can be used, such as
lithium batteries, other battery technologies, supercapacitors and hydrogen). In some cases, a backup
generator (usually powered by fossil fuel, diesel or gasoline) is part of the hybrid system.

Low-power standalone systems are usually called off-grid systems and typically power single
households by diesel generators or by solar photovoltaic (PV) systems (solar home systems) [1].
Systems of higher power are called micro- or mini-grids, which can supply several households or even
a whole village. Mini- or micro-grids, powered by renewable sources, can be classified as smart grids,
allowing information exchange between the consumers and the distributed generation [2].

The modelling of the components, the control of the system and the simulation of the performance
of the whole system are necessary to evaluate the system technically and economically. The optimization
of the sizing and/or the control is also an important task in this kind of systems.

2. Modelling and Controlling Standalone Renewable Energy Systems

Standalone (off-grid) renewable energy systems are used all around the world, and not only in
developing countries, as they are the most competitive way to supply electricity in locations where
the distance to the transmission and distribution electrical grid is relatively high [3], for example in
remote rural communities, farms, telecom stations, etc. Even in some cases, grid-connected systems can
become off-grid systems to avoid dependence on the national grid system [4] (however, disconnecting
from the grid usually implies higher cost of electricity).

When there is a unique source of energy (for example, solar home systems) the design and
optimization of the system is relatively easy. However, the optimal design and operation of the hybrid
off-grid systems is a difficult task, as there are many non-linear variables involved which imply that
advanced optimization techniques must be used in some cases [5], for example heuristic techniques
(genetic algorithms and others). Energy management in mini- and micro-grids with different sources
of generation and energy storage is also non-trivial [2,6]. The optimal management of the planning
is very important when the system includes fossil-fuel generators (diesel, gasoline) and batteries [7],
in order to reduce fuel consumption and enhance battery lifetime.

Usually the main source of energy in the optimal hybrid off-grid system is a photovoltaic
generator [8], and also includes in many cases a diesel or gasoline backup generator and battery storage.
In windy places, the optimal hybrid off-grid system may also include wind turbines [9].
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Especially in cold places, thermoelectric generators that convert thermal energy (for example,
waste heat from a stove) into electricity (Seebeck effect) can be part of the optimal hybrid system [10].
However, the use of thermoelectric generators in these kind of applications is still residual.

Nowadays, most off-grid systems installed in the world include storage using lead acid batteries.
However, with the recent reduction of the price of lithium batteries, these kind of batteries may be
economically feasible in some cases [8,11].

3. Future Standalone Renewable Energy Systems

Although the Special Issue has been closed, more in-depth research of the modelling and controlling
of off-grid systems is expected. The use of lithium batteries is expected to be normalized in several
years and new battery technologies will emerge. Perhaps thermoelectric generators or other energy
sources can be used in off-grid systems in the future.
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