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Electricity systems in transition: Resiliency lessons from the Iberian blackout

Summary

On 28 April 2025, a rapid voltage rise on Spain's grid triggered a chain reaction of generator
disconnections, which plunged Spain and Portugal into a blackout in just 83 seconds. A new
report concludes that Spain’s typically high share of renewables was not the primary cause but
was just one factor in a combination of regulatory and technical circumstances that had
not kept pace with the changing generation mix.

The report's 21 recommendations cover all European grid operators and regulators, pointing Paul Drummond
to a strengthened investment case for grid infrastructure, a more supportive role for Climate and
renewables on European grids enabling further expansion, and likely harmonisation of Environment
European grid access rules through the EU Grids Package. E?gg%@ﬁéﬁad'
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"This report is a landmark for investors in European electricity systems. It confirms that the blackout in Spain and Portugal
in April 2025 was not an inevitable consequence of a renewables-dominated grid, but a failure of the regulatory and
technical infrastructure needed to manage it. The cascading voltage surge that protection systems could not arrest reflects
years of grid governance lagging the pace of change to the technical foundation of the system.

The report's recommendations are directed at all European transmission system and regulators. That is the key signal
for investors: the vulnerabilities it identifies are systemic but addressable, and the investment and regulatory
response required is continental in scale. These conclusions reinforce the case for substantial investments to future-
proof grids to handle substantial electricity demand growth and a more complex supply-demand environment. They also

@k directly to Redwheel-Ecofin investment strategies, which target the companies and assets driving the transitio)

to a more resilient and efficient power network across Europe."

Background

On the 28th of April 2025, voltage levels on Spain’s electricity grid began to rise and then oscillate.
Initial action worked to damp the oscillations but pushed voltages even higher. This triggered a rapid
chain reaction: power plants began disconnecting automatically to protect their equipment, causing
voltage to rise further still, triggering further disconnections and overwhelming system defences.
Within just 83 seconds, Spain and Portugal lost their connection to the wider European grid and
fell into a blackout. Restoration took around 12 hours in Portugal and 16 hours in Spain.

Some commentators initially blamed the high penetration of intermittent renewables on the
Spanish grid, but the cause remained contested. A new report published on 20" March 2026 by an
Expert Panel convened under EU regulations, identifies the combination of factors that made the
system vulnerable and triggered the cascade, and recommendations to prevent recurrence.'
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The blackout was the result of several interconnected factors

Solar and wind accounted for around 70% of generation before the blackout. This was a key
contributor to high voltage levels, but this share of renewables is not unusual. The initial voltage
oscillation was caused by a generator in southern Spain interacting unusually with the grid. Corrective
actions successfully addressed this problem but raised voltage further, kicking off the cascade.

The report identifies a combination of factors that made the system vulnerable to cascading
voltage control failures. These are listed without a criticality ranking. Broadly, these are:

e Renewables couldn’t help stabilise voltage. Solar and wind plants were required to follow a fixed
ratio of ‘active’ to ‘reactive’ power, meaning they had limited ability to help manage grid voltage
fluctuations. When their active power output fell, either by market instruction or for automatic self-
protection, their reactive power absorption also fell, triggering yet higher voltages.

e Conventional generators underperformed, and live data was limited. Several large thermal
and hydro plants did not meet their reactive power obligations. However, the regulations didn't
specify requirements, and there were no penalties for non-compliance. The system operator also
lacked tools to track non-compliance in real time, limiting early warning.

e ‘Shunt’ reactors, designed only to manage voltage, were operated manually and couldn’t be
connected in time. Shunt reactors - large electrical coils connected to the transmission system -
are designed to absorb excess reactive power and reduce voltage.

e Spain allows its grid to operate at voltages higher than the rest of Europe. Spain's grid can
operate over a 400-435 kV range, compared to the European norm of 380-420 kV. This left very little
to no margin between the allowed operational limit and the voltage thresholds at which generators
can disconnect for self-protection, and a very high voltage gradient between Spain and the rest of
Europe, triggering instability and ultimately disconnection from the rest of the continent.

e Disconnection settings were below regulatory thresholds for many generators, meaning they
tripped offline before they were required to. Additionally, some generators disconnected earlier
than this but causes for some cannot be determined as the relevant data is not collected.

More broadly, automatic defence mechanisms activated as designed, but the cascade of
disconnections happened faster than they could respond.

Twenty-one recommendations for improved resilience

The report lists 21 recommendations to improve systemic resilience across European grids. Key
themes are:

e Switch renewables to dynamic voltage control. Require all generators, including existing
renewables, to respond actively to voltage fluctuations, with economic penalties for non-
compliance. This is the most consequential regulatory change identified.

¢ Automate and strengthen reactive power management. Introduce automatic control of shunt

reactors and ensure grid operators have real-time visibility of generators' actual and required
reactive power output.
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o Harmonise voltage operating range and build a pan-European oscillation management
framework. Spain's wider-than-European-standard voltage band should be changed to operate
within the range used by the rest of the continent. Minimum damping standards should be defined,
dynamic grid models should be shared across grid operators, automatic early warning systems
developed, and stabilisation capabilities at large generators prioritised.

¢ Fix and enforce generator disconnection thresholds across all generators, require small rooftop
PV systems to withstand high-voltage episodes without tripping, and conduct regular compliance
checks.

e Modernise system defence plans. Current plans were designed for grids dominated by
conventional generators and should be updated to reflect systems with high volumes of renewable
and distributed generators.

e Strengthen data governance and restoration readiness. Establish a standardised framework for
incident reporting, conduct real black-start tests (not just simulations), ensure backup
communications for grid operators and generators.

Implications for investors

The blackout was not caused by too much renewable energy but by grid infrastructure and rules that
were not designed to accommodate it. The causes and recommendations outlined above point to
three key takeaways for investors:

e The case for investment in grid infrastructure and supporting technology is
strengthened. The need for more grid capacity and management infrastructure (including
batteries), voltage control equipment, and monitoring and automation technologies across Europe
is clear, and will continue to grow alongside increasing renewable penetration and electrification of
European economies.

e Renewables are maturing as grid participants, supporting further growth. The report's
highest-priority recommendations include requiring all generators, including existing ones, to allow
dynamic voltage control. This allows for greater integration of intermittent generation but implies
short-term upgrade costs to existing capacity.

¢ Harmonisation of grid access rules and processes brings simplification. The report
recommends that the European electricity regulator (ENTSO-E) issue binding guidance on voltage
control modes, protection settings and other requirements covering all electricity system operators
in Europe. Although this may produce stricter requirements and penalties for non-compliance, this
would simplify the investment landscape.

The report's recommendations are advisory, and the authors invite European regulators to consider
their translation into binding requirements. It is likely that these recommendations will inform the
development of the EU Grids Package announced in late 2025, partly in response to the blackout.

"1CS Investigation Expert Panel (2026)

@ redwheel


https://eepublicdownloads.blob.core.windows.net/public-cdn-container/clean-documents/Publications/2025/iberian-blackout/Final%20Report%20on%20the%20Grid%20Incident%20in%20Spain%20and%20Portugal%20on%2028%20April%202025.pdf

Key Information

No investment strategy or risk management technique can guarantee returns or eliminate risks in any market environment. Past
performance is not a guide to future results. The prices of investments and income from them may fall as well as rise and an
investor's investment is subject to potential loss, in whole or in part. Forecasts and estimates are based upon subjective
assumptions about circumstances and events that may not yet have taken place and may never do so. The statements and
opinions expressed in this article are those of the author as of the date of publication, and do not necessarily represent the view
of Redwheel. This article does not constitute investment advice and the information shown is for illustrative purposes only. Whilst
updated figures are not available for all sources, we have performed further analysis and believe that this data has not
significantly changed and is reflective for 2026.

Global Disclaimer

Redwheel ® and Ecofin ® are registered trademarks of RWC Partners Limited (‘RWC"). The term “Redwheel” may include any one
or more Redwheel branded regulated entities including, RWC Asset Management LLP which is authorised and regulated by the
UK Financial Conduct Authority and the US Securities and Exchange Commission (“SEC"); RWC Asset Advisors (US) LLC, which is
registered with the SEC; RWC Singapore (Pte) Limited, which is licensed as a Licensed Fund Management Company by the
Monetary Authority of Singapore; Redwheel Australia Pty Ltd is an Australian Financial Services Licensee with the Australian
Securities and Investment Commission; and Redwheel Europe Fondsmaeglerselskab A/S (“Redwheel Europe”) which is regulated
by the Danish Financial Supervisory Authority.

Redwheel may act as investment manager or adviser, or otherwise provide services, to more than one product pursuing a similar
investment strategy or focus to the product detailed in this document. Redwheel seeks to minimise any conflicts of interest, and
endeavours to act at all times in accordance with its legal and regulatory obligations as well as its own policies and codes of
conduct.

This document is directed only at professional, institutional, wholesale or qualified investors. The services provided by Redwheel
are available only to such persons. It is not intended for distribution to and should not be relied on by any person who would
qualify as a retail or individual investor in any jurisdiction or for distribution to, or use by, any person or entity in any jurisdiction
where such distribution or use would be contrary to local law or regulation.

This document has been prepared for general information purposes only and has not been delivered for registration in any
jurisdiction nor has its content been reviewed or approved by any regulatory authority in any jurisdiction.

The information contained herein does not constitute: (i) a binding legal agreement; (i) legal, regulatory, tax, accounting or other
advice; (iii) an offer, recommendation or solicitation to buy or sell shares in any fund, security, commodity, financial instrument
or derivative linked to, or otherwise included in a portfolio managed or advised by Redwheel; or (iv) an offer to enter into any
other transaction whatsoever (each a “Transaction”). Redwheel bears no responsibility for your investment research and/or
investment decisions and you should consult your own lawyer, accountant, tax adviser or other professional adviser before
entering into any Transaction. No representations and/or warranties are made that the information contained herein is either up
to date and/or accurate and is not intended to be used or relied upon by any counterparty, investor or any other third party.

Redwheel uses information from third party vendors, such as statistical and other data, that it believes to be reliable. However,
the accuracy of this data, which may be used to calculate results or otherwise compile data that finds its way over time into
Redwheel research data stored on its systems, is not guaranteed. If such information is not accurate, some of the conclusions
reached or statements made may be adversely affected. Any opinion expressed herein, which may be subjective in nature, may
not be shared by all directors, officers, employees, or representatives of Redwheel and may be subject to change without notice.
Redwheel is not liable for any decisions made or actions or inactions taken by you or others based on the contents of this
document and neither Redwheel nor any of its directors, officers, employees, or representatives (including affiliates) accepts any
liability whatsoever for any errors and/or omissions or for any direct, indirect, special, incidental, or consequential loss, damages,
or expenses of any kind howsoever arising from the use of, or reliance on, any information contained herein.

Information contained in this document should not be viewed as indicative of future results. Past performance of any Transaction
is not indicative of future results. The value of investments can go down as well as up. Certain assumptions and forward looking
statements may have been made either for modelling purposes, to simplify the presentation and/or calculation of any projections
or estimates contained herein and Redwheel does not represent that that any such assumptions or statements will reflect actual
future events or that all assumptions have been considered or stated. There can be no assurance that estimated returns or
projections will be realised or that actual returns or performance results will not materially differ from those estimated herein.
Some of the information contained in this document may be aggregated data of Transactions executed by Redwheel that has
been compiled so as not to identify the underlying Transactions of any particular customer.
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No representations or warranties of any kind are intended or should be inferred with respect to the economic return from, or the
tax consequences of, an investment in a Redwheel-managed fund.

This document expresses no views as to the suitability or appropriateness of the fund or any other investments described herein
to the individual circumstances of any recipient.

The information transmitted is intended only for the person or entity to which it has been given and may contain confidential
and/or privileged material. In accepting receipt of the information transmitted you agree that you and/or your affiliates, partners,
directors, officers and employees, as applicable, will keep all information strictly confidential. Any review, retransmission,
dissemination or other use of, or taking of any action in reliance upon, this information is prohibited. Any distribution or
reproduction of this document is not authorised and is prohibited without the express written consent of Redwheel.

The risks of investment are detailed in the Prospectus and should be considered in conjunction with your investment adviser.
Please refer to the Prospectus, Key Investor Information Document (UCITS KIID), Key Information Document (PRIIPS KID),
Summary of Investor Rights and other legal documents as well as annual and semi-annual reports before making investment
decisions; these documents are available free of charge from RWC or on RWC's website: https://www.redwheel.com/ and available
in local languages where required. RWC as the global distributor has the right to terminate the arrangements made for marketing
Redwheel Funds in certain jurisdictions and to certain investors. Redwheel Europe is the sub-distributor of shares in Redwheel
Funds in the European Economic Area (“EEA") and is regulated by the Danish Financial Supervisory Authority. This document is
not a solicitation or an offer to buy or sell any fund or other investment and is issued in the UK by RWC and in the EEA by RW
Europe. This document does not constitute investment, legal or tax advice and expresses no views as to the suitability or
appropriateness of any investment and is provided for information purposes only. The views expressed in the commentary are
those of the investment team.

Funds managed by Redwheel are not, and will not be, registered under the Securities Act of 1933 (the “Securities Act”) and are
not available for purchase by US persons (as defined in Regulation S under the Securities Act) except to persons who are “qualified
purchasers” (as defined in the Investment Company Act of 1940) and “accredited investors” (as defined in Rule 501(a) under the
Securities Act).

This document does not constitute an offer to sell, purchase, subscribe for or otherwise invest in units or shares of any fund
managed by Redwheel. Any offering is made only pursuant to the relevant offering document and the relevant subscription
application. Prospective investors should review the offering memorandum in its entirety, including the risk factors in the offering
memorandum, before making a decision to invest.

AIFMD and Distribution in the European Economic Area (“EEA")

The Alternative Fund Managers Directive (Directive 2011/61/EU) (“AIFMD") is a regulatory regime which came into full effect in the
EEA on 22 July 2014. RWC Asset Management LLP is an Alternative Investment Fund Manager (an “AIFM”) to certain funds managed
by it (each an “AlF"). The AIFM is required to make available to investors certain prescribed information prior to their investment
in an AIF. The majority of the prescribed information is contained in the latest Offering Document of the AIF. The remainder of
the prescribed information is contained in the relevant AIF's annual report and accounts. All of the information is provided in
accordance with the AIFMD.

In relation to each member state of the EEA (each a “Member State”), this document may only be distributed and shares in a
Redwheel fund (“Shares”) may only be offered and placed to the extent that (a) the relevant Redwheel fund is permitted to be
marketed to professional investors in accordance with the AIFMD (as implemented into the local law/regulation of the relevant
Member State); or (b) this document may otherwise be lawfully distributed and the Shares may lawfully be offered or placed in
that Member State (including at the initiative of the investor).

Information Required for Offering in Switzerland of Foreign Collective Investment Schemes to Qualified Investors within the
meaning of Article 10 CISA.

This is an advertising document.

The representative and paying agent of the Redwheel-managed funds in Switzerland (the “Representative in Switzerland”) FIRST
INDEPENDENT FUND SERVICES LTD, Feldeggstrasse 12, CH-8008 Zurich. Swiss Paying Agent: Helvetische Bank AG, Seefeldstrasse
215, CH-8008 Zurich. In respect of the units of the Redwheel-managed funds offered in Switzerland, the place of performance is
at the registered office of the Swiss Representative. The place of jurisdiction is at the registered office of the Swiss Representative
or at the registered office or place of residence of the investor.
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This document does not constitute an offer to sell, purchase, subscribe for or otherwise invest in units or shares of any
fund managed by Redwheel. Any offering is made only pursuant to the relevant offering document and the relevant
subscription application. Prospective investors should review the offering memorandum in its entirety, including the
risk factors in the offering memorandum, before making a decision to invest.
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