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Capital Markets
& ESG DayLegal Notice

• This document has been prepared by Iberdrola, S.A. exclusively for use during the presentation “Capital Markets & ESG Day” on March 21, 2024. As a consequence thereof, this document may not be
disclosed or published, nor used by any other person or entity, for any other reason without the express and prior written consent of Iberdrola, S.A.

• Iberdrola, S.A. does not assume liability for this document if it is used with a purpose other than the above.

• The information and any opinions or statements made in this document have not been verified by independent third parties; therefore, no express or implied warranty is made as to the impartiality,
accuracy, completeness or correctness of the information or the opinions or statements expressed herein.

• Neither Iberdrola, S.A. nor its subsidiaries or other companies of the Iberdrola Group or its affiliates assume liability of any kind, whether for negligence or any other reason, for any damage or loss arising
from any use of this document or its contents.

• Neither this document nor any part of it constitutes a contract, nor may it be used for incorporation into or construction of any contract or agreement.

• Information in this document about the price at which securities issued by Iberdrola, S.A. have been bought or sold in the past or about the yield on securities issued by Iberdrola, S.A. cannot be relied
upon as a guide to future performance.

Disclaimer

Important information

• This document does not constitute an offer or invitation to purchase or subscribe for shares, in accordance with the provisions of Regulation (EU) 2017/1129 of the European Parliament and of the
Council, of 14 June 2017, on the prospectus to be published when securities are offered to the public or admitted to trading on a regulated market, and repealing Directive 2003/71/EC and its
implementing regulations.

• In addition, this document does not constitute an offer of purchase, sale or exchange, nor a request for an offer of purchase, sale or exchange of securities, nor a request for any vote or approval in any
other jurisdiction.

• The shares of Iberdrola, S.A. may not be offered or sold in the United States of America except pursuant to an effective registration statement under the Securities Act of 1933 or pursuant to a valid
exemption from registration. The shares of Iberdrola, S.A. may not be offered or sold in Brazil except under the registration of Iberdrola, S.A. as a foreign issuer of listed securities, and a registration of a
public offering of depositary receipts of its shares, pursuant to the Capital Markets Act of 1976 (Federal Law No. 6,385 of December 7, 1976, as further amended), or pursuant to a valid exemption from
registration of the offering.

• This document and the information presented herein was prepared by Iberdrola, S.A. solely with respect to the presentation “Capital Markets & ESG Day” on March 21, 2024. The financial information
contained in this document has been prepared and is presented in accordance with the International Financial Reporting Standards as adopted by the European Union (“IFRS”).

• In addition to the financial information prepared under IFRS, this presentation includes certain alternative performance measures (“APMs”), for the purposes of Commission Delegated Regulation (EU)
2019/979, of March 14, 2019 and as defined in the Guidelines on Alternative Performance Measures issued by the European Securities and Markets Authority on 5 October 2015 (ESMA/2015/1415es). The
APMs are performance measures that have been calculated using the financial information from Iberdrola, S.A. and the companies within its group, but that are not defined or detailed in the applicable
financial information framework. These APMs are being used to allow for a better understanding of the financial performance of Iberdrola, S.A. but should be considered only as additional information
and in no case as a substitute of the financial information prepared under IFRS. Moreover, the way Iberdrola, S.A. defines and calculates these APMs may differ from the way these are calculated by
other companies that use similar measures, and therefore they may not be comparable. Finally, please consider that certain of the APMs used in this presentation have not been audited. Please refer to
this presentation and to the corporate website (www.iberdrola.com) for further details of these matters, including their definition or a reconciliation between any applicable management indicators and
the financial data presented in the consolidated financial statements prepared under IFRS.

https://www.iberdrola.com/home
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Important information

Forward looking statements

• This document does not contain, and the information presented herein does not constitute, an earnings release or statement of earnings of Avangrid, Inc. (“Avangrid”) or Avangrid's financial results.
Neither Avangrid nor its subsidiaries assume responsibility for the information presented herein, which was not prepared and is not presented in accordance with United States Generally Accepted
Accounting Principles (“U.S. GAAP”), which differs from IFRS in a number of significant respects. IFRS financial results are not indicative of U.S. GAAP financial results and should not be used as an
alternative to, or a basis for anticipating or estimating, Avangrid's financial results. For financial information regarding Avangrid, please visit its investor relations website at www.avangrid.com and
the U.S. Securities and Exchange Commission (“SEC”) website at www.sec.gov.

• This document does not contain, and the information presented herein does not constitute, an earnings release or statement of earnings of Neoenergia S.A. (“Neoenergia”) or Neoenergia's financial
results. Neither Neoenergia nor its subsidiaries assume responsibility for the information presented herein. For financial and ESG information regarding Neoenergia, please see the Neoenergia’s
investor relations website at https://ri.neoenergia.com/ and the Brazilian Comissão de Valores Mobiliários (“CVM”) website at www.cvm.gov.br.

• This communication contains forward-looking information and statements about Iberdrola, S.A., including financial projections and estimates and their underlying assumptions, statements
regarding plans, objectives and expectations with respect to future operations, capital expenditures, synergies, products and services, and statements regarding future performance. Forward-
looking statements are statements that are not historical facts and are generally identified by the words “expects,” “anticipates,” “believes,” “intends,” “estimates” and similar expressions.

• Although Iberdrola, S.A. believes that the expectations reflected in such forward-looking statements are reasonable, investors and holders of Iberdrola, S.A. shares are cautioned that forward-
looking information and statements are subject to various risks and uncertainties, many of which are difficult to predict and generally beyond the control of Iberdrola, S.A., that could cause actual
results and developments to differ materially from those expressed in, or implied or projected by, the forward-looking information and statements. These risks and uncertainties include those
discussed or identified in the documents sent by Iberdrola, S.A. to the Spanish Comisión Nacional del Mercado de Valores, which are accessible to the public.

• Forward-looking statements are not guarantees of future performance. They have not been reviewed by the auditors of Iberdrola, S.A. You are cautioned not to place undue reliance on the
forward-looking statements, which speak only as of the date they were made. All subsequent oral or written forward-looking statements attributable to Iberdrola, S.A. or any of its members,
directors, officers, employees or any persons acting on its behalf are expressly qualified in their entirety by the cautionary statement above. All forward-looking statements included herein are
based on information available to Iberdrola, S.A. on the date hereof. Except as required by applicable law, Iberdrola, S.A. does not undertake any obligation to publicly update or revise any
forward-looking statements, whether as a result of new information, future events or otherwise.

• Iberdrola, S.A. commits to carrying out its best efforts to achieve its ambition of carbon neutrality for its Scope 1 and 2 in 2030. For these purposes, it will align its strategy, investments, operations
and public positioning with this ambition. Additionally, Iberdrola, S.A. is also committed to undertake the energy transition in a way that creates value for its shareholders, employees, clients,
suppliers and the communities where it operates. Accordingly, Iberdrola, S.A. reserves the capacity to adapt its planning to successfully face its performance in key material aspects such as the
value of Iberdrola, S.A., the quality of supply or the social, labor, and fair transition conditions. The abovementioned commitments are of aspirational nature.

https://www.iberdrola.com/home
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& ESG DayEnergy storage technologies in the power system (power-to-power) 

Many energy storage technologies, but only a few are mature and suitable for the power system

▪ Scale
▪ Duration
▪ Density
▪ Efficiency
▪ Degradation
▪ Charge/discharge rate
▪ Cost 
▪ Safety
▪ Useful life
▪ …..

Energy Storage technologies 
characterisation
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Super 
capacitors

Flywheels

Flywheels

Other 
electrochemical 

batteries

Li-ion: suitable for short
duration storage (4h)

Pumped Hydro: is and will be the
most competitive solution for long
duration applications (>20 hours)

Many other storage technologies, but still in early-to-mid stages of development
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Li-ion
Batteries Pumped Hydro

Storage

Interest to 
produce heat.
Power-to-heat 
efficiency much 
higher, >90%

https://www.iberdrola.com/home
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Electric vehicles are driving li-ion battery demand 

GWh/year

Source: Bloomberg NEF

Annual demand of batteries by sector

Cost reduction by 2030:  ~ 50%

Annual Battery Demand
2020-2030: x10

[~10% of total battery
demand by 2030]

https://www.iberdrola.com/home
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Main innovations are focused on increasing energy density and reducing critical materials

LFP main chemistry for stationary storage in the next years; Na-ion adoption in the medium term

Cathode
Cobalt reduction
NMC 111 to 9.5.5
LFP dominant in stationary 
storage

Anodes with silicon
Higher energy 
density, lower cost

Solid Electrolyte
Higher safety, enables use 
of lithium metal anodes 
(high energy density) 

Innovations 
beyond the 
chemistry

2023-2025 2026-2030 2030-2035

Oxygen from the air

Ultra-Thin Lithium metal 
(almost anode free)

Li- air
Lithium metal anodes and  
O2 in cathodes
(Cell densities >500 Wh/kg) 

Sodium ion cells
No critical materials 
albeit lower energy 
density

❖ Production ❖ Mining: extraction and 
refining of metals

❖ Battery operation 
and digitalization

❖ Cell to pack 
design

❖ Standardisation of 
stationary battery systems

https://www.iberdrola.com/home
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More than 10 GW of additional pumped hydro potential at competitive cost in existing dams in Spain 

I

New upper reservoir

Retrofit turbine with 
reversible pump-turbine

Connecting 2 existing 
reservoirs

New Pumped hydro 
facility- greenfield

I 

II

III

IV

Pumped 
hydro using 
existing 
dams:

175

389

2022 Outlook

considering

current pipeline

x2

Global pumped hydro 
capacity outlook (GW)

Source: IHA 2023 World Hydropower outlook

Innovations despite 
its maturity

• Variable speed 
turbines

Increase flexibility and efficiency

Feasible locations expanded

New capacity feasible using existing dams:  

Lower cost, shorter development times & lower environmental impact

• Digitisation  • Battery 
hybridation

CAPEX (€/kW) 

Development time (years) 

105

I

IV

Greenfield 
Pumped hydro

II- III

<500

>800

1,000-1,500

https://www.iberdrola.com/home
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& ESG DayOther energy storage technologies (power-to-power)

Other energy storage technologies are being developed, but still in early stages

• CAES: Compressed Air

• LAES: Liquid air or CO2

• Other mechanical

Resistance + 
thermal storage  (rocks, 

concrete, molten salts..) 

+ steam turbine

• Vanadium flow batteries

• Other flow batteries 

• Other batteries: NaS, Cu.. 

INNOVATIONS

• No sitting constrains

• Efficiencies > 70%

• Heat pump use:
efficiency  ~45%.

• Power-to-heat 
application

• Cheap chemistries

• Efficiencies> 70% 

• More life cycles

Deep dive analysis of over 30 technologies: future evolution and costs

Effic.~50-70%, high capex, +30 years

Effic.~30-35%, low capex, +30 years

Effic. ~60-80%, mid capex, 15-20 years

Thermal

Mechanical

Electrochemical

Technology closest
to market

https://www.iberdrola.com/home
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& ESG DayThermal energy storage: Green heat (power-to-heat)

Thermal storage to decarbonize industrial heat; new driver of electricity demand

Renewables Thermal Storage Green Heat
Green 
Heat 

(thermal 
storage)

Electric Resistance+
thermal storage+  

steam generator (90% effic.)

Natural gas Heat
(boiler 95% effic.)

Emissions* Gray Heat
Gray 
Heat

Variable cost

Rocks

Molten 
Salts

Bricks

Water

Thermal storage 
technologies

Close to
being competitive

*Emissions: ~0,15 tC02/MWh thermal

https://www.iberdrola.com/home
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& ESG DayEnergy storage technology 2030 vision (power-to-power)

By 2030 batteries and other novel technologies will continue reducing their cost…

…but pumped hydro to remain the most competitive technology for long duration energy storage

2030 Competitiveness by hours of storage duration

• Stationary Batteries installed by 2030: x15 

• Pumped hydro: the most competitive technology in 
the geographies where it is available

• Other technologies: less mature, impact post 2030 
(exception: Thermal storage to decarbonize industrial heat)

By 2030 market for new long-duration 
storage techs squeezed

4h 8h 50-100h? Duration

Li-ion 
Today

1h 

Li-ion 
2030

Green 
H2, NH3…

2030

12h?

Pumped hydro

Strong pipeline

Developing projects

Technology monitoring

2030 
energy storage

in the power 
system

Start-upsResearch centres

Associations, alliances, platforms…

https://www.iberdrola.com/home
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& ESG DayVolatility is the new business as usual

Market Reference: 08/03/24

Power ES & Power GER spot (€/MWh)TTF Spot Prices Evolution (€/MWh)

Commodity prices have converged to pre-crisis 
(Ukraine, pandemic) level but volatility remains high

Volatility in hourly electricity markets is even more 
extreme as electricity …can’t be stored?

https://www.iberdrola.com/home
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& ESG DayPrice duration curve: an even steeper slide 

Very low prices episodes come 
from high renewable production

8,760 Hours

Gas and 
CO2 price

250

200

150

100

50

0

More frequent low prices episodes and less firm capacity during off-peaks will make price duration 
curve even steeper

Price Duration Curve (Spain)

For Illustrative purposes only

Storage technologies will have a greater margin to operate

€/MWh

Improvement of system 
flexibility:
• Pumping hydro & BESS
• New smart demands: EZ, EV
• Nuclear phase-out (7 GW)
• New interconnections

Renewable penetration not 
encompassed with flexible resources

2019 Average Price: 48 €/MWh

2023 Average Price: 87 €/MWh

https://www.iberdrola.com/home
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2022 2023 2030 2035

Margin -€/kW

Pumping Storage will have higher load 
factor and margins

Winner: flexible hydro and pumping storage

Flexible Hydro shifts to capture best 
priced hours

Resilient to cannibalization

Neutral

High risk of cannibalization: lower prices 
in sunny hours

Income / Baseload by Technology in Spain

0%

20%

40%

60%

80%

100%

120%

140%

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Apuntamiento medio de cada tecnología en España

(Carga base = 100%)

Nuclear Hydro (excluding pure pumping) Onshore wind Solar

Pumping hydro in Spain: Energy Margins

Risk Opportunity

Hydro captures
best priced hours

Lower incomes trend for PV is 
contained when new flexibility 

arrives

Wind remains resilient

Nuclear captures baseload price100% 
reference

Different impact by technology, with flexible and pumping hydro capturing more value

For Illustrative purposes only

x 1.3
x 1.4

https://www.iberdrola.com/home
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Market 
arbitrage

Ancillary 
services

Services 
to the 

System

Revenue stacking for energy storage

Pumping hydro and batteries can obtain different revenue stacking based on their technical 
capabilities

…Focus on extracting value by 
charging in low-price hours 
and discharging in high-price 
hours

…Focus on flexibility required 
by the TSO

…Focus on decarbonization,
RES integration and
security of supply provided to 
the System

There are three main sources of revenues for energy storage

https://www.iberdrola.com/home
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Pumping hydro has 2.5-3x load factor compared with 2h BESS

Battery cycles
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Pumping hydro cycles
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2h BESS Market PricePV, Wind, thermal gap and day-ahead market price

Longer duration storage captures daily and weekly arbitrage opportunities
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https://www.iberdrola.com/home


www.iberdrola.com | 19

Capital Markets 
& ESG DayRevenue stacking: Ancillary Services

Pumping Hydro will have competitive advantage in Restoration Reserve, as they can produce/pump ~100% of hours

Batteries may have an advantage in Frequency Response as they can easily regulate in charge or discharge mode

More 
relevant

Less 
relevant

Fast Frequency 
Response (aFFR)

Secondary

Restoration
Reserve (mFRR)-

Tertiary

Voltage Control

• Very quick response (in ~5s) to fine-tune generation and load

• Limited market size with potential cannibalization

• Quick response (in ~15 min) to system contingencies (e.g. change in renewable forecast)

• More RES penetration will mean more request of Restoration Reserve

• Voltage Control through reactive power production or absorption, currently 
provided by synchronous generators

Pumping Hydro and batteries can provide Ancillary Services thanks to their flexibility

https://www.iberdrola.com/home
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(Avoided MtCO2 
/ GW Storage)

(Avoided TWh spillages 
/ GW Storage)

(Derating Factor)1

~3x

BESS
2h

PHS
20h

BESS
2h

PHS
20h

BESS
2h

PHS
20h

CO2 emissions 
reduction

Three key services provided 

to the system…

… measured as:

RES Integration Security of supply

1. UK capacity auctions (2027/28)

~3x ~6x

Pumping hydro is almost 3x more effective than BESS 2h in terms of decarbonization and renewable 
integration… and 6x times in terms of security of supply

https://www.iberdrola.com/home


www.iberdrola.com | 21

Capital Markets 
& ESG DayRevenue stacking: Summary

However, batteries can offer some advantages such as shorter time-to-market and smaller space 
requirements

Market arbitrage Ancillary services
Services to the 

System

Battery

Pumping Hydro

aFFR
(Fast Frequency 

Response)

mFFR
(Restoration 

Reserve)

Decarbonization
RES integration

Security of supply

Rational Higher load factor 
for pumping

Variable speed 
required for 

pumping

Batteries exhaust 
flexibility quicker

Higher derating for pumping
More effective in spillage reduction

Potential future 
revenues through 

local services 
provided to the DSO

Longer duration does matter for collecting higher revenues from Market Arbitrage and Restoration 
Reserve, and providing more effectively Services to the System

https://www.iberdrola.com/home

