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A B S T R A C T

This paper presents a thorough review of 75 modelling tools currently used for analysing energy and electricity
systems. Increased activity within model development in recent years has led to several new models and
modelling capabilities, partly motivated by the need to better represent the integration of variable renewables.
The purpose of this paper is to give an updated overview of currently available modelling tools, their capabilities
and to serve as an aid for modellers in their process of identifying and choosing an appropriate model. A broad
spectrum of modelling tools, ranging from small-scale power system analysis tools to global long-term energy
models, has been assessed. Key information regarding the general logic, spatiotemporal resolution as well as the
technological and economic features of the models is presented in three comprehensive tables. This information
has been validated and updated by model developers or affiliated contact persons, and is state-of-the-art as of the
submission date. With the available suite of modelling tools, most challenges of today's electricity system can be
assessed. For a future with an increasing share of variable renewables and increasing electrification of the energy
system, there are some challenges such as how to represent short-term variability in long-term studies, in-
corporate the effect of climate change and ensure openness and transparency in modelling studies.

1. Introduction

Electricity generation from renewable energy sources (RES) is in-
creasing in Europe, much of it driven by ambitious targets for emission
reductions set by the European Commission. In the 2050 Low Carbon
Economy roadmap, the EU set a goal of reducing emissions to 80%
below the 1990 level [1]. The EU also states that all sectors have to
contribute to this reduction, but the sector with the highest potential for
cutting emissions is the power sector. Through increasing the share of
zero-emitting RES in the electricity mix, the power sector can almost
totally eliminate its emissions by 2050.

Most of the increased RES in the electricity mix has in the latest
years been, and is projected to be, solar and wind technologies. Part of
this increase is due to the large cost reductions experienced and also
projected. According to the International Renewable Energy Agency
(IRENA), the levelised cost of electricity (LCOE) of solar photovoltaics
(PV) has halved between 2010 and 2014 [2]. Furthermore, in No-
vember 2016, the winning bid to build the Danish offshore wind farm
Kriegers Flak was as low as 49.9 €/MWh [3].

However, solar and wind are variable renewable energy sources
(VRES) whose outputs vary temporally on many scales. This is espe-
cially the case for wind, which ranges from local gusts of only seconds

to large scale patterns evolving over several years. The solar radiation is
to some extent more predictable, where the daily and seasonal cycles
are well known components. However, on shorter timescales the solar
radiation can be difficult to predict due to the rapid change in cloud
cover. In an electricity grid that requires a balance between generation
and consumption, larger shares of VRES leads to multiple challenges.

On a very short timescale, from sub-seconds to minutes, challenges
of VRES integration are related to the operation and management of the
grid. The main issues include the reduction of inertia of the power
system, the increase of curtailment events, the rate of change of fre-
quency as well as the system reactive power capability [4]. Grid support
services such as frequency and voltage regulation, fault ride through,
spinning reserve and system restoration are currently provided by
conventional technologies (i.e. mostly fossil fuelled power plants and
hydropower). However, if solar and wind technologies are to replace
much of the fossil fuelled capacities, they or new system components
like batteries must be able to provide the required grid support services
in order to maintain a stable and reliable grid. With existing tech-
nology, both wind turbines and PV systems are capable of providing
grid support services, but limited to some drive-train topologies for
wind turbines and generally only for large utility-scale PV systems
[5–7].
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