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The Future of Forecasting for Renewable Energy

Conor Sweeney�y, Ricardo J. Bessaz, Jethro Browellx, Pierre Pinson{

Abstract

Forecasting for wind and solar renewable energy is becoming more important as the
amount of energy generated from these sources increases. Forecast skill is improving, but
so too is the way forecasts are being used. In this paper, we present a brief overview of the
state-of-the-art of forecasting wind and solar energy. We describe approaches in statistical
and physical modelling for time scales from minutes to days ahead, for both deterministic
and probabilistic forecasting. Our focus changes then to consider the future of forecasting
for renewable energy. We discuss recent advances which show potential for great
improvement in forecast skill. Beyond the forecast itself, we consider new products which
will be required to aid decision making subject to risk constraints. Future forecast products
will need to include probabilistic information, but deliver it in a way tailored to the end
user and their speci�c decision making problems. Businesses operating in this sector may
see a change in business models as more people compete in this space, with di�erent
combinations of skills, data and modelling being required for di�erent products. The
transaction of data itself may change with the adoption of blockchain technology, which
could allow providers and end users to interact in a trusted, yet decentralised way. Finally,
we discuss new industry requirements and challenges for scenarios with high amounts of
renewable energy. New forecasting products have the potential to model the impact of
renewables on the power system, and aid dispatch tools in guaranteeing system security.
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1 INTRODUCTION

Forecasting for renewable energy is under substantial focus as the penetration of renewable

energy from wind and solar increases, with an overwhelming consensus on its importance for

the economic and reliable integration of their energy production into existing power networks.

While other forms of renewable energy sources may also involve some forecasting tasks and

challenges, most emphasis was placed on wind and solar energy over the last decade or two,

owing to their variability and limited predictability, and instantaneous response to weather

phenomena. In contrast, hydropower generation depends on the hydrology of extensive

catchment areas and the operation of storage capacity in addition to local weather. For

a recent coverage of a broad range of topics of interest in renewable energy forecasting,

the reader is referred to Jung and Broadwater (2014) (wind speed and power forecasting),

Gallego-Castillo, Cuerva-Tejero, and Lopez-Garcia (2015) (wind power ramp forecasting),

Antonanzas et al. (2016) (photovoltaic power forecasting) and Bessa et al. (2017) (uncertainty

forecasts in the electric power industry).

Of course, the value of any forecast is only realised when it results in better decision-

making. Broadly speaking, users of renewable energy forecasts fall into two groups: energy

market participants, and power system operators. The former is concerned with the buy-

ing and selling of energy, while the latter's priority is maintaining a reliable energy supply,

but both require timely and accurate forecast of renewable power generation. Liberalised

energy markets, such as those in Europe and the US, vary considerably in structure but the

timescales involved are common: long-term trading (and hedging) takes place weeks to years

ahead, day-ahead markets establish a preliminary schedule for power plants, and intra-day

markets enable further adjustment, right up until delivery begins in some cases. Accurate

forecasting on all of these horizons is therefore an economic imperative for market partici-

pants, and understanding forecast uncertainty is necessary to manage risk. System operators

similarly depend on renewable energy forecasts to prepare for whatever generation mix the

market (and weather) delivers. This may include holding reserve power to manage ramps in

renewable production, or procuring `ancillary services' to manage technical constraints.

Advances in research and connection of forecasting to decision-making in operations and
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markets are happening in multiple areas. Looking at the forecasting process itself, both

physical and statistical modelling approaches are commonly involved today. On the one

hand, the physical modelling part is concerned with solving the governing equations of the

atmosphere and generating forecasts for those atmospheric variables relevant for renewable

energy, often being very computationally expensive to run. Statistical modelling approaches

bridge the gap between the information from those meteorological forecasts and observations

(being meteorological or power). Further than those physical and statistical approaches, we

are today at a cornerstone in the development and applications of forecasting approaches, as

enabled by the wealth of data being collected, rapid increase in computational capabilities

and the need to rethink business models related to renewable energy forecasting.

Consequently, the main objective of this review is to start with a brief overview of the

state of the art in renewable energy forecasting, and to highlight some of the promising paths

for future development in forecasting research and application in the energy industry.

2 Forecasting Renewable Energy Today

Even though statistical and physical modelling approaches are often blended today in renew-

able energy forecasting, we will consider them separately here, so as to cover the components

of physical and statistical modelling which are used in practice.

2.1 Physical Modelling

2.1.1 Numerical Weather Prediction

Advances in Numerical Weather Prediction (NWP) have been described as a quiet revolu-

tion (Bauer, Thorpe, & Brunet, 2015), in that great advances have been made, but this

has been done by a succession of steady advances, such as improved numerical schemes to

solve the governing equations, parameterizations schemes for sub-grid scales, access to more

observation data including satellites, and increases in computing power, rather than any

fundamental breakthrough.

NWP models, which use computers to solve the governing equations of the atmosphere,
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