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Task Objectives & Expected Results
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* Objectives: recommend methodology to assess the impact of W

wind (and solar) power on energy systems, and mitigation

* Outcomes: RP16 Ed 3 / articles /fact sheets / bibliography / 2021 _24
benchmarking simple tool / reference systems +

collaboration: IEA Paris, Inter-TCP, G-PST
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= WP1: Planning Topics % /i5T1E s
= Transmission Planning

= Generation capacity expansion and security of supply
= Energy System Integration

= WP2: Balancing Topics 7516505 (so22E0%)
= Balancing the system

= Need for flexibility and options to provide flexibility
= Smart sector integration

= WP3: Stability Topics Z/E[E (a8 EE)
= Operation and stability of low-inertia RES power systems

= Design and operational requirements
= Reliability services

= WP4: Market Topics = /15
= Ancillary Service marts to energy markets and capacity market
= New market products, such as flexible ramping products.
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IEA: World Energy Outlook 2024, Oct. 2024
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WIND AND SOLAR ENERGY CURTAILMENT

Curtailment of wind and solar sometimes occurs in surplus periods when electricity demand is low or
when network capacity is congested. Curtailing wind and solar is not necessarily a bad thing as it may
enable larger shares of renewables through making them flexible. Although a moderate amount of
curtailed energy can be tolerated, huge amounts of wasted energy from near-zero operating cost
renewable energy sources would be inefficient and unprofitable.

Is wind and solar curtailment

required? High
cost

If curtailment of wind and solar would be
strictly prohibited in a power system, only
limited amounts of wind and solar could be
installed and connected to the system. Not
everyone needs electricity exactly when the
wind blows and the sun shines, so
sometimes the power generated from wind
and solar is i Zero curtail
may represent a sub-optimal solution.

Figure 1 illustrates the duration curve

(energy values sorted in descending order) L

of net load, or residual load, that is the
difference between total demand and total
output from wind and solar. Surplus
situations occur when the net load tums
negative, meaning wind and solar output
exceeds demand. At higher shares of
renewables, such periods will become more

E

hourly energy

_____________ JVRE output
net load ey,

~
~
=

3

Battaries Flexibility in
Losa < 10% of yearty guneention supply side
Pumged hydre
bevipidioien sl Other flexibility
Wyro with menrvor options
Gas guneration -
Fresible coul b
M" ll-:::chm:a neat storage
M ) . Flexibie industrial Icads

Sharing balancing n Iarger areas
Real-time markets

ntra<iay
Bost avallabio foracasts

Low share of wind/PV High share of wind/PV

Figure 2. Methods to Increase flexibility in power systems. (The relative
order of options is lllustrative only).

common, and the amount of surplus energy tends to increase
with the installed capacity of wind and solar. Surplus energy
can be d by local cor ints, leading to curtailments at
some parts of the system before system-wide limits. Building
transmission helps export the supply to high-demand areas.

Options to reduce surplus energy are: output reduction of
conventional power plants, export to other areas, demand side
management, and energy storage. If these options are costly
or have been exhausted, curtailment could be appropriate to
manage the surplus energy of wind and solar. Large amounts
of curtailment, however, show lack of system flexibility or

time (sorted in decending order) R
surplus

Figure 1. Conceptual Mustration of surplus energy In
duration curve of net load with large amounts of VRE

{wind + solar).

appropriate market design.

Wind and solar operators can provide upward reserves when
a part of the available energy from wind or solar resource is
curtailed, where the lost energy provides the basis for the
provision of these valuable system services. Curtailment is a
way for wind and solar to provide flexibility (Figure 2),
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Evaluation and comparison of curtailment

The level of curtailment depends on system being
analysed. It also varies depending upon the time of year,
such as by hour, day, week and month. Hence,
comparisons of annual curtail ts in different sy

are more insightful than those made based on an arbitrary
period.

Figures 3 and 4 illustrate wind and solar curtailment,
respectively, in selected countries or areas in the form of
C-E maps (comrelation maps between energy share of
wind/solar/wind+solar and annual curtailment ratio).
Figure 5 illustrates total wind and solar curtailment.
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The three graphs show that there are several
countries/areas where the curtailment ratio is large,
despite the small energy share. The sharp decline in
some countries/areas, such as China and Texas, is likely
to be due to the rapid development of transmission lines
following large curtailments, which means that the
curtailment problem could be quickly resolved through
appropriate measures. The Irish curtailments in Figure 4,
where large wind share is managed in a small
synchronous zone, gives a reference on how curtailments
develop as wind share increases in the future.

Remark on Figures 3-5: Note that curtaiment in some of the
countries, such as Australia and US, may include “economic

i " that is y market beh , which should be
distinguished from the curtailment that is forced by transmission
system operators, Note also that evaluating the C-E map by the
total volume of wind and solar could be misleading as it may
result In an und tion/ of the levels of
Individual wind/solar curtal in some I where
the share of one of the two sources is very large and the other
very small.

0% —ode
0% 20% 40% 60%
Solar energy share (%) Associated publications
Figure 3. C-E map of solar in selected *H .H. etal, (2021). Design and operation of energy
(Source: adapted from Yasuda et al., 2023). y with large of variable g ion. Final
summary report, IEA WIND TCP Task 25.
20% Nl / y -1 1.T.
3 o : s:"'r:"zy:‘”;“ + Yasuda, Y. et al. (2022). C-E (curtailment — Energy share)
o 1 = o znm»-z map: An objective and quantitative measure to evaluate
B : Ta’ a8, US 2007.22 wind and solar R ble and Sustainabl
» Ctia 201410 Energy Reviews, 160 (2022) 112212,
§ 10% hitps://doi.org/10.1016/).rser.2022.112212
b 4
k] ¥ & « Yasuda, Y. et al. (2023). Latest wind and solar curtaliment
§ 8 W information: statistics and future estimations in various
2 /) L countries/areas. 22nd Wind and Solar Energy Workshop.
§ !-‘f~;2 Jllea-wind org/task25/125-publication:
0%
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Figure 4. C-E map of wind in selected countries/areas. (Source:
adapted from Yasuda et al., 2023).
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Figure 5. C-E map of VRE (wind + solar) in selected
i (Source: d from Yasuda et al., 2023).

More information

This Fact Sheet draws from the work of IEA Wind TCP Task
25.a h collaboration among 17 . The vision in
the start of this network was to provide information to facilitate
the highest economically feasible wind energy share within

rici y ridwide. IEA Wind TCP Task 25
has since broadened its focus to lyze and further d P
the methodology to assess the impact of wind and solar power
on power and energy systems.

See our website at

See also other fact sheets
Flexibility for Power Systems
Balancing Power Systems with Large Shares of Wind and

IEA WIND TCP Task 25 — Fact Sheet

IEA WIND TCP Task 25 — Fact Sheet

February, 2025
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FLEXIBILITY FOR POWER SYSTEMS

Flexibility is the ability of a power system to manage variability of demand and generation. Flexibility
includes power regulation and operational reserves, which have historically depended on thermal
power plants. On top of dispatchable power generators, there are new sources of flexibility
increasingly used, like energy storage, interconnectors and demand side management. The optimal
combination of flexibility is a key issue for grid operation under large amounts of wind and solar.

What is flexibility?

Traditionally, intra-hour, hourly, daily, weekly, seasonal,
and inter-annual variations in demand have been mainly
managed by conventional power plants.

The ability and commitment of a power plant to regulate
its power output has been called regulating power,
balancing power or reserve, and various types of these
products with different time scales are prepared, so that
they can be activated in seconds, minutes, or hours.

Today, a broader concept of flexibility is increasingly
applied by grid operators to accommodate larger amounts

of wind and solar.

The term “flexibility” is simply defined as “the ability of a
power system to reliably and cost-effectively manage the
variability and uncertainty of demand and supply across
all relevant timescales" (IEA 2018),

Who can provide flexibility?

Flexibility can be provided from many grid elements, by
larger or (aggregated) smaller power plants, storage
systems, and demand side resources, depending on the
time scale (Figure 1).
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Figure 1. Flexibility solutions at various time scales. (Source: EDF).

Figure 2. Flexibility Assessment Method proposed by IEA
(Source: IEA, 2011).

Flexibility sources can be divided into 4 types (Figure 2):

« Dispatchable plant: Hydropower plant with reservoir,
bio-fuelled combined heat and power plant, gas-fired
power plant, etc. A part of wind and solar can also be
considered dispatchable.

« Storage: Hot water storage, pumped hydro storage,
fiywheel, battery energy storage system, etc.

* Interconnection: Sharing flexibility resources via
interconnectors will mutually enhance flexibility in both
areas. HVDC (High Voitage Direct Current) links can
also provide flexibility by themselves.

+ Demand side: Autonomous or remote control of
demand side equipment can provide flexibility.
Industrial processes also have significant potential for
flexibility provision.

Flexibility strongly relates to the concept of sector
coupling. Flexibility can be provided from the heating
sector (hot-water storage and heat pumps), the transport
sector (electric vehicle charging), and the industrial sector
(new electric loads combined with storage buffers as well
as power-to-X solutions like hydrogen derivatives).

How can the flexibility potential be assessed?

Flexibility assessment tools have been proposed by
several researchers and international organisations. A
simple, easy-to-understand and at-a-glance tool is
Flexibility Chart developed by IEA Wind Task 25 (Yasuda
et al., 2023).

The standard Flexibility Chart contains five axes that
represent the proportion of selected flexibility sources
(interconnector, combined heat and power, gas turbine,
pumped hydro storage and reservoir hydro) relative to the
peak demand in the given country or area. As these
statistical data are easily available in many countries, the
tooi can be used even by non-experts. A further sixth axis
of battery can be added if reliable statistical data is
available.

Figure 3 shows an example of the Flexibility Chart, where
the potential of flexibility resources in Germany is visually
illustrated. Although it is often thought that Germany can
accommodate renewables because of rich

%)

Interconnection

16.5% \
whdee (4 G \ cHP
68.9%
| 16% [ |

\

Solar 67.7%

1.9%
2711%/
Wind 78.2% Z
PHS o Ganlu‘r_t;lrm
Poak = 79.48 GW
Germany (2020)
Figure 3. An of flexibiity chart: flexibility

resources in 2020. (Source: Yasuda et al., 2023).

interconnection capacity, the Flexibility Chart shows that
combined heat and power capacity can contribute more
flexibility to a high share of VRE.

An example of a more detailed flexibility 1t tool
is IRENA FlexTool (IRENA 2018).

A jated publicati
« Holttinen, H, et al, (2021). Dnlgn and opomion of energy
Yy with large of ion. Final
summary report, IEA WIND TCP Task 25.
hitps:, L.org/ 42-1 1.T.

+ |EA (2018). Status of Power System Transformation 2018.
https:/fwwiw.lea.org/reports/status-of-power-system-
fransformation-2018

+ IEA (2011). }
https://www.iea.orglreporisihamessing-variable-renewables

+ IRENA (2018). Power System Flexibility for the Energy
Transition, Part 1: Overview for Policy Makers.
bitps:/iwww.irena.crg/publications/2018/Nov/Power-system-

ihity-for- n -tran:

+ Yasuda, Y. et al. (2023) Flexibility chart 2.0: An accessible
visual tool to ovalu.to flexibility resources in power
R and Sustainable Energy Revi 174
(2023) 113116 https://doi.org/10.1016/j.rser.2022.113116

More information

This Fact Sheet draws from the work of IEA Wind TCP Task
25 a jon among 17 tries. The vision in
the start of this network was to provide information to facilitate
the htghest economically feasible wind energy share within

y power ridwide. IEA Wind TCP Task 25
has smce broadened its focus to analyze and further develop
the methodology to assess the impact of wind and solar power
on power and energy systems.

See our website at
hitps:/fiea-wind.orgitask25/

See also other fact sheets
Balancing Power Systems with Large Shares of Wind and

Storage for Power Systems

Flexibili h Electrifi

Impact of Wind and Solar on Transmission Upgrade Needs
Wind and Solar Integration |ssues

IEA WIND TCP Task 25 - Fact Sheet

IEA WIND TCP Task 25 - Fact Sheet
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