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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RENEWABLE ENERGY POWER FORECASTING TECHNOLOGY

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum, éxtent possible,in‘theif national ahd fegional publications. Any divergence between
any IEC Publication and the ‘corresponding national orregional’publication shall“be clearly indicated in the latter.

IEC itself does not provide any attestationqof conformity. lhdependent)certification bodies provide conformity
assessment services and, in some\areas, access to 1EC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition‘of this'publication.

No liability shall attach’to 1EC or'its‘directors; :employees, 'servants‘or ‘agents‘including individual experts and
members of its technical committees and |IEC:National-Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 63043 has been prepared by subcommittee 8A: Grid Integration of Renewable Energy
Generation, of IEC technical committee 8: Systems aspects of electrical energy supply. It is a
Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

8A/71/DTR 8A/73/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

The purpose of this IEC Technical Report (TR) is to describe common practices and the state
of the art for renewable energy power forecasting, which includes general data requirements,
methods for renewable energy power forecasting and forecast error evaluation.

Various stakeholders, including transmission system operators, transmission system owners,
utilities, renewable energy generation plant developers, academic units, research institutions,
certifying bodies and standardization groups, require a common understanding of renewable
energy power forecasting methods, data and evaluation techniques so they can incorporate
them in their operations.

Renewable energy power forecasting finds a broad application in many areas of electrical
engineering related to design, analysis, market trading, and optimisation of the power system.
Among others, forecasting could be as an input to the operation and management of the
renewable energy generation plants and can improve the economic efficiency and reliability of
the power system.

Renewable energy power forecasting is increasingly important in multi-stakeholder systems
where renewable plant manufacturers, renewable energy generation plant developers and
operators, as well as the power system operators, need to have a common understanding about
the capabilities and methods associated with renewable energy power forecasting.
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RENEWABLE ENERGY POWER FORECASTING TECHNOLOGY

1 Scope

This Technical Report, which is informative in its nature, describes common practices and state
of the art for renewable energy power forecasting technology, including general data demands,
renewable energy power forecasting methods and forecasting error evaluation. For the
purposes of this document, renewable energy refers to variable renewable energy, which mainly
comprises wind power and photovoltaic (PV) power — these are the focus of the document.
Other variable renewable energies, like concentrating solar power, wave power and tidal power,
etc., are not presented in this document, since their capacity is small, while hydro power
forecasting is a significantly different field, and so not covered here.

The objects of renewable energy power forecasting can be wind turbines, or a wind farm, or a
region with lots of wind farms (respectively PV systems, PV power stations and regions with
high PV penetration). This document focuses on providing technical guidance concerning
forecasting technologies of multiple spatial and temporal scales, probabilistic forecasting, and
ramp event forecasting for wind power and PV power.

This document outlines the basic aspects of renewable energy power forecasting technology.
This is the first IEC document related to renewableenergy power foregasting. The contents of
this document will find an application’in the following potential areas"

e support the development and future” research for rénewable energy power forecasting
technology, by showing current state of the art;

e evaluation of the forecasting performance. during_the design and operation of renewable
energy power forecasting system;

e provide information for benchmarking renewable forecasting technologies, including
methods used, data required and evaluation techniques.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61400-12-2, Wind turbines — Part 12-2: Power performance of electricity-producing wind
turbines based on nacelle anemometry

3 Terms, definitions and abbreviated terms
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1 Terms and definitions

3.11

accumulation method

wind power forecasting method for wind farm clusters that directly accumulates the forecasting
results of each wind farm output

3.1.2

combination approaches, pl.

approaches usually used to describe the forecasting models which combine physical
approaches with statistical approaches

3.1.3

data assimilation

assimilation combining recent observation data with the background (prior) forecast in real time,
to adjust forecast model trajectories and update the background field

Note 1 to entry: In numerical weather prediction (NWP), this helps the weather forecast become more accurate.

3.14
day ahead power forecasting
timescale used in forecasting, which is from the current time to the next 24 hours to 72 hours

3.1.5
days to week ahead power'forecasting
timescale used in forecasting, which is from the, day ahead to the week ahead

3.1.6
deterministic forecasting
kind of forecasting method'that can-output' deterministicresults

3.1.7
deterministic forecasting evaluation
evaluation of the specific forecasting value at a certain moment in the future

3.1.8
distributed PV power forecasting
a method to forecast the total power output of distributed PVs in a certain region

3.1.9
ensemble forecasting
NWP method which produces a set of forecasts instead of making a single forecast

Note 1 to entry: This set of forecasts aims to give an indication of the range of possible future states of the
atmosphere.

3.1.10
event forecasting evaluation
evaluation of the forecasting results of specific events

Note 1 to entry: For example wind or solar ramp events.

3.1.11
horizon
length of the forecast look-ahead time
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3.1.12
minutes and hours ahead power forecasting

type of forecasting which is in minute scale (up to 15 min) or ultra-short-term (15 min to 6 h or
8 h)

3.1.13
nonparametric modelling
distribution-free without any assumptions of the distribution type

Note 1 to entry: It directly calculates the quantile or distribution function of the unknown random variable by means
of data analysis methods.

3.1.14

numerical weather prediction

NWP

method to predict weather which numerically solves the basic equations of atmospheric motion
based on the most recent observations that best represent the current atmospheric conditions

3.1.15

parameterization schemes

methods to capture the quantitative physical characteristics of radiative, convective and
diffusive processes in the atmosphere and at the interface between the atmosphere and the
surface.

Note 1 to entry: These processes are, often, determined by relatively. small spatial'scales, and are used in NWP
models.

3.1.16

parametric modelling

model to use a predetermined distribution'type’describing the probability density function (PDF)
of the unknown randam/variable

3.1.17

persistence forecasting

a method to use the measured power value at the current moment as the forecasted power at
the future time

3.1.18
physical approaches
mathematical and physical models which are used to describe the physical factors

3.1.19
power forecasting of renewable plant clusters
the forecasting of the overall output of wind or solar PV clusters

3.1.20
probabilistic forecasting
a kind of forecasting methods that focuses on the uncertainty of power output

Note 1 to entry: Including wind power probabilistic forecasting and PV power probabilistic forecasting. The
forecasting results could be the PDF, cumulative distribution function (CDF) of the random variable of power or the
prediction intervals at certain probability levels.

3.1.21
probabilistic forecasting evaluation
evaluation of the forecasting results of the uncertainty of power output
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3.1.22
ramp events, pl.
significant changes of power output in a short period

Note 1 to entry: These may refer specifically to those events not caused by the expected change due to the expected
change in output of solar PV. Such events are prone to cause frequency fluctuation and power quality deterioration,
potentially impacting the reliable operation of the power grid.

3.1.23
ramp magnitude
variation of power output in the observation period

3.1.24
ramp rate
variation rate of wind power in the observation period

3.1.25

resolution

spatial or temporal scales at which forecasts are made, measured in kilometers (spatial) or
minutes/hours

3.1.26

statistical approach

mathematical model which is used to describe the relationship between historical NWP data,
weather data and historical jpower output of a'wind farm or a'PV power station

3.1.27
statistical upscaling method
establishment of an upscaling model with(partcof-a set(of points to estimate the total

Note 1 to entry: It is the total regional power! output estimated from-alsubset of wind farms or PV stations.

3.1.28
stochastic process for forecast development
stochastic process/model to incorporate random variation

Note 1 to entry: Usually based on fluctuations observed in historical data for a selected period using standard time-
series techniques. The use of solely historical data is the main difference compared to probabilistic processes/models,
which apply variations generated from some type of perturbation of the prediction process.

3.1.29
wake effect
phenomenon of wind speed decreasing after wind turbines extract power from the wind

3.2 Abbreviated terms

AE analog ensemble

ANN artificial neural network

AR autoregressive

ARMA autoregressive moving average
BPNN back propagation neural network
BS Brier score

BSS Brier skill score

CART classification and regression tree
CDF cumulative distribution function

CFD computational fluid dynamics
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