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O que € o IHA?

A Associacdo Internacional de Hidroeletricidade (IHA) é uma
associacao sem fins lucrativos. Somos a voz global da
hidrelétrica sustentavel. Nossos membros estdo
comprometidos com o desenvolvimento e a operacao
responsaveis e sustentaveis de hidrelétricas.
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Missao
A misséo da IHA é promover as hidrelétricas
sustentaveis. Os objetivos mais amplos da IHA s&o:

Ser a voz global da hidrelétrica sustentavel.

Aumentar o investimento em hidrelétrica
sustentavel por meio do engajamento com
formuladores de politicas globais, tomadores de
decisdes financeiras e o publico.

Posicionar a hidrelétrica sustentavel como
uma solucao limpa, verde, moderna e acessivel
para as mudancas climaticas e a seguranca
energeética.

Esses objetivos refletem os compromissos da
Declaracdo de San José sobre Hidrelétrica
Sustentavel, adotada em setembro de 2021.
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Incorporando Sustentabilidade

Declaracao de San Jose:

A hidrelétrica sustentavel € uma solucgéo

limpa, verde, moderna e acessivel para as
mudancas climaticas. Daqui para frente, a
unica hidrelétrica aceitavel € a sustentavel.

Padrdo de Sustentabilidade de Hidrelétrica

» Todos os projetos podem ser certificados de
forma independente.

» Os projetos devem mitigar os impactos ao
meio ambiente e as comunidades.

hydropower.org
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BENEFICIOS PARA TODOS

DESENVOLVEDORES * Reputagéo aprimorada INSTITUICOES Redugao de risco de
& OPERADORES * Desempenho aprimorado  FINANCEIRAS - Sustentabilidade a longo prazo
) A??SSO 9 flncm.CIGmento « Reconhecimento e influéncia
« Mitigacdo de riscos no mercado
- Conformidade regulatéria  SOCIEDADE CIVIL ¢ Apoio a promog&o
SSC\S/SEE[?SSES « Progresso demonstravel & NGOS « Responsabilizagdo

« Desenvolvimento sustentavel Impacto positivo

Bem-estar e atuacdo
Protec6es ambientais
Desenvolvimento de
infraestrutura
Oportunidades de emprego

PESQUISA & Dados e insights COMUNIDADES

» Estudos de caso
ACADEMIA . Compartilhamento de
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Lideres mundiais na COP28 em Dubai se
comprometeram a "triplicar" a capacidade mundial de
geracao de energia renovavel de 3,4 TW em 2022
para 11,2 TW em 2030.

Isso exigird um aumento massivo das energias
renovaveis variaveis, especialmente edlica e solar.

Para atingir essa meta, serd necessario aumentar o

armazenamento, incluindo o de longa duracao. =
wiew | 7em Solar PV

O armazenamento hidraulico é a Unica e

tecnologia madura de armazenamento de SolarPV | Wind offshore Sopcentrating sORIPOWET i offshore
1,0556w ) 63w y 4946w

longa duracao que pode fornecer a
flexibilidade e a resiliéncia necessarias em
escala para suportar esse crescimento.

Renewable power Renewable power

VRE
2023 Total share in 2030 Total share in
installed capacity installed capacity




Necessidade por armazenamento
Como as UHRs podem satisfazer isso?
eEquilibra os sistemas energéticos com

parcelas crescentes de energias renovaveis por
meio da complementaridade

lllustration of how storage duration needs vary with wind and solar penetration

8
(=]

eFornece servicos de curto prazo (por
exemplo, frequéncia, inércia) e flexibilidade
de longa duracéao

(hours at rated power)

Maximum required storage duration

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

.Atu a CO m O u m a " b ate r i a d e ég u al ! p ara Wind and solar share of annual electricity generation (%)
armazenamento de energia de varias horas a dumation s neaced o teach  [IEITRSUTEE

;s = . 50-80% wind and solar share reach 70-90% wind and
Var' OS d | as of electricity generation ;c;l:re ::1?;: of electricity

*Reduz a necessidade de reserva de
combustivel fossil durante periodos de baixa
energia eolica/solar

eAumenta a resiliéncia do sistema contra a
variabilidade e a incerteza causadas pelo clima

hydropower.org




Beneficios das UHRs ao Sistema de Transmissdo Ziha
Pode reduzir significativamente o “curtailment” das renovaveis

O desenvolvimento do armazenamento hidraulico tem
prazos longos, mas continua sendo uma tecnologia de
armazenamento em larga escala e longa duracao,
comprovada e comercialmente viavel.

» Pode armazenar o excesso de producao renovavel e
descarrega-lo quando necessario.

« Fornecimento de servigcos ancilares essenciais
necessarios para integrar uma alta penetracao de
geracao renovavel, ao mesmo tempo em que
aumenta a inércia do sistema.

 Reducao das emissdes do sistema, deslocando
a operacao de usinas de combustiveis fosseis de
pico.

» Suporte a gestdo de congestionamento da rede.

hydropower.org

Um estudo realizado pelo Imperial College
London no Reino Unido constatou que:

Apenas 4,5 GW de novas armazenamento hidraulico
de longa duracao (90 GWh) poderiam economizar
até £ 690 milhdes anualmente em custos do
sistema energético até 2050.

Cerca de 75%0 dessas economias advém da néao
realizacédo de investimentos em transmisséo e
tecnologias de geracdo mais caras, necessarias para
atingir as metas de zero emissao liquida e
seguranca energeéetica do Reino Unido.



Tendéncia de i

Crescimento das UHRS

eAceleracao rapida: A capacidade global de UHRs
atingiu 8 GW em 2024, acima da média de 2 a 4 RLEELINE GLOBAL T

GW/ano dos ultimos 20 anos.

eForte pipeline: Mais de 105 GW de UHRs

atualmente em construcao em todo o mundo. e

B Afiica
eAumento a curto prazo: Estima-se que 90 GW de I southond
nova capacidade possam ser adicionados até 2030, i
um aumento de quase 502 em relacéo aos 189 GW
atuais.
eTotal projetado: A capacidade global de UHRs deve 0

Planned Under

. . , Announced Planned
at|ng|r ~280 GW ate 2030 Pending Regulator Construction

Approval Approved

. North and
Central America

2 South America

eTaxa de construcao em rapido crescimento:
Construcéao futura de ~18 GW/ano, 5 a 10 vezes
mais rapida do que as tendéncias historicas.
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O Mundo esta se movendo...
O Brasil nao pode ficar para traz

Determinar

Quanto armazenamento de longa
duragao é necessario para

confiabilidade de longo prazo

DETERMINE
how much long
Pagar duration storage is
Por servigos required for long
Ancilares term reliability

PAY ‘' IDENTIFY
for ancillary appropriate
sites

DESIGN DEVELOP
electricity fit-for-purpose
markets \ permitting
Re-desenhar _procet_lurs—
ercado elétrico including ESG

IMPLEMENT
revenue visibility
over a long period
Implementar

Previsibilidade de

Receita a longo prazg
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Policy frameworks for pumped storage hydropower development

Country pumped storage targets

Collated information about countries’ long-duration energy storage targets is also available, and if they have specific PS
elements to those [link to interactive map on hydropower.org). This is updated regularly.

UNITED STATES

There are 91 new PS projects of around 85 GW in
various stages of permitting and development.
California’s Regulator, California Public Utilities
Commission, has identified the need for IGW of PS,
or other long-duration storage with similar attributes,
by 2026 and other states have begun to set energy
storage targets.

GREAT BRITAIN
The National Energy System Operator estimates that
GB will require 5-8GW / 81-99 GWh of long duration

are at different stages of development.

SPAIN
Increase in 3.5 GW PS for a total of 9.5 GW by 2030.

MOROCCO

300MW Ifahsa project is planned for 2025
commissioning which will bring total pumped storage
to 815MW.

ITALY

Italy’s grid operator has indicated that it will require

71GWh of new utility scale electricity storage capacity

by 2030, with a nominal storage duration of 8-hours

charge targeted. TERNA anticipates at least 93GW of GREECE

both charging and discharging power will need to be National Energy and Climate Plan notes a target of
built (TERNA, 2023). 22GW PS by 2030.

Internatonal Hydropower Assocation

energy storage by 2030. Around 10 GW of PS projects

FRANCE

French *Programmation Pluriannuelle de 'Energie”
forecasts an additional 1.5 GW of PS before

2035 (Mini dela [
Programmations pluriannuelles de l'énergie, 2021).

INDIA

National Electricity Plan 2023 predicts a need for

7.45 GW of PS by 2027, 18.98 GW by 2030, and 27GW
/175.18 GWh by 2032. By 2047, CEA predicts the
energy storage requirements to increase to 2,380GWh
(540 GWh from PS) due to the addition of a larger
amount of renewable energy considering the net zero
emissions targets set for 2070. (MNRE, 2023).

INa

CHINA

NEA plan includes 62 GW to be constructed by 2030
and 120 GW by 2035 and modernising PS industry
system with advanced technology.

THAILAND

Three new pumped storage projects of almost 2.5
GW were announced and are planned for 2037 (Draft
Power Development Plan 2024),

THE PHILIPPINES
Pumped storage target to 2.4 GW by 2050.

INDONESIA
A goal of developing 1.9GW PS by 2030, including
from its first facility, Upper Cisokan (PLN, 2021).

AUSTRALIA

2024 Integrated System Plan concludes that Australia
will need to quadruple the firming capacity from
utility-scale batteries, pumped hydro and other hydro,
with up to 56 GW / 660 GWh of dispatchable storage
and 15 GW of flexible gas by 2050 (AEMO, 2024)




Armazenamento hidraulico pelo mundo Z3iha

Hydropower Pumped Storage - Capacity
(Update: 27 June 2022)
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GESEL: Mapeamento de UHRs no Brasil

. - 5000 locais com 1GW cada

i Este mapa foi feito com o Google My Maps.

L] UHR Didrias - Projeto GESEL P&D ANEE!

https://www.projetouh

r.com.br/index.php

Ll UHR Sazonais - Projeto GESEL P&D ANEEL

i Este mapa foi feil: ale My Maps




Como avancar? Ziha

IHA desenvolveu duas publicacdes:

Policy frameworks
Enabling new pumped storage hy:lropomr for pumped storage
A guidance note for key decision makersto: hydropower developm
desisk pumped storage investments
S R e | -
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Desenvolvido pelo Setor privado — Possibilitado pelo setor publico @Iha

Solugoes da
India

Politica

Investimento de .
consistente com

longo prazo com
longo payback

horizonte de longo
prazo

Solugoes do Solugbes da
EUA Australia

Deficiéncias
. . de Mercado
1. Avaliar as necessidades de armazenamento,
considerando as metas de ERV
2. Reconhecer que o mercado ndo sera capaz de
entregar sozinho

3. Priorizar medidas politicas para viabilizar

. ) Solugbes do
Investimentos Brazil?

1. Mecanismos financeiros
2. Intervencdes politicas publicas
3. Racionalizacao do licenciamento, etc.

hydropower.org



De-Risk PSH Guidance Note

e Introduction to PSH
» Risks critical to consider for PSH

Path of a PSH project
Thematic risks and recommendations

Time for action: The pressing need for a guidance note
to de-risk pumped storage hydropower investments

Pumf Hi

i et e e 8 g s b

1o wind and

Figure 3: fllsks to consider when developing PSH.

aleotm Turnbull,
IHA President

hydropower.org
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Policy
guidance
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Recommendations for policy makers

= RECOMMENDATION 1
’g, Assess how much long duration storage and
= system flexibility is needed in the long-term

Pumped storage (PS) takes a long time to develop, build and pay back. At the same time,
energy systems are rapidly transforming to accommodate changes in demand and supply,
particulatty growth in wind and solar power, making it essential to plan for future reliable
energy systems which have sufficient long duration energy storage. If developers have
confidence in the need for PS projects and the quantity of long duration energy storage
required, then they can put the right amount of development money in upfront, de-risking
projects and bringing them in on time and on budget. To deliver this win-win, Governments
should seek expertise on how to assess, plan for, and build reliability, flexibility and security
into energy systems.

RECOMMENDATION 2

Identify appropriate sites for
pumped storage plants
Policymakers can accel development of pumped ge in their countries by
filtering the many potential sites and highlighting those with the best economic, soclal
and enwironmental outcomes. The efficiency of the energy system can be greatly
enhanced by integrating the development of pumped storage with the extension of

grid infrastructure, and with wind or solar energy. Holistic site planning will therefore
bring significant system benefits.

RECOMMENDATION 3
Implement fit-for-purpose
permitting procedures
A predictable and time-bound permitting process will speed up approval and reduce costs,
ultimately benefitting consumers. Streamlining processes so that developers are dealing with only
one agency and ensuring all branches of government are adequately resourced to respond quickly
will result in timely decsions. Aligning environmental and socisl permitting with intermnational

standards, such as the Hydropower Sustainability Standard, ensures that the regulations, financial
approvals, and company systems all align with recognised international good practice.

\

RECOMMENDATION 4
Apply mechanisms that deliver the
necessary revenue visibility over a long period

The bulk of investment in PS projects is in the construction phase, which must be paid back over a long
period. Combined with high capital costs and long build schedules, this makes these projects especially
vulnerable to long-term revenue risk. If the project’s income is uncertain (e.g. due to unknowns such

as electricity markets or policies), then the return demanded by lenders and investors will be higher,
Consequently, it is dificult for the market alone to deliver these projects. Projects need a mechanism that
provides revenue certainty, which will attract greater mvestment.

Design electricity markets so energy storage
= assets are rewarded

It is important that energy ge providers receive appropriate remur ion for all the services
that they provide to the system. In liberalised economies, this includes the arbitrage income that is
available from being able to buy power cheaply when there is a surplus of variable renewables and
sell it for a higher price when there is a deficit,

RECOMMENDATION 6
Procure and pay for ancillary
=  services separately

PS can naturally provide lots of essential services for a reliable energy system - instantaneous physical
Inertia services (induding frequency control services), fast start-up and shutdown and black start
capabiities. Many of these services are not paid for in their respective electricity markets but grids will need
them to support deployment of variable bk gy technologies, Without clesr payments for thess
services, projects may be built that are less capable of delivering them, or projects that are capable might
not be as well maintained. The system aperator should contract with them on a long-term basis.




Policy guidance

Barriers to PSH development:

@ Planning and modelling

» Many markets lack long-term modelling or targets for long duration storage
needs.

Licensing and permitting

 Large infrastructure projects such as new PSH development are subject to
long processes.

Financial Considerations

» Long-term electricity and ancillary services prices are difficult to forecast and
subject to wider government policies.

In many markets not all services provided by PSH are remunerated.

In some markets existing PSH plant margins are being squeezed by carbon-
intensive gas.

% Storage Classification

» In several countries, PSH plants are classified both as a generation asset and
as a final consumer, requiring them to pay grid access fees twice.

hydropower.org



Global Alliance
For Pumped Storage

/A

O “Global Alliance for Pumped Storage

(GAPS) é um grupo de lideranca

intergovernamental dedicado a promover,

ampliar e otimizar a PSH em todo o mundo.

O GAPS tem como objetivos:

» Conscientizar e aumentar a compreensao
sobre o papel fundamental das UHRs.

« Compartilhar as melhores politicas e praticas
para o desenvolvimento de PSH.

» Oferecer oportunidades de networking.

» Discutir e oferecer recomendacodes de
politicas e financiamento.

» Desenvolver um chamado a acao para PSH .

hydrepewer.org
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% International Forum
B Pumped Storage Hydropower

9 a 10 de Setembro 2025 | UNESCO House, Paris

O Forum reunira especialistas e lidere
para discutir o papel critico da UHR
matriz energética e apresentar recome
para permitir sua adocao.

Para mais informacdes sobre o Forum
Internacional, escaneie o coédigo QR

Ou acesse
https://www.pumpedstorageforum.com/




Ziha

Obrigado

o www.hydropower.orq

» Gabriel.rocha@worley.com
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