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Harnessing Hydropower:

EMPOWERING THE ENERGY
TRANSITION IN THE AMERICAS

Dear valued customers,

In the wake of COP28 and growing climate concerns, the need for sustainable energy solutions has never
been more evident. Against this backdrop, the great sweep of the Americas from North to South is ready to
meet the challenge with a cleaner, greener future. The backbone of this transition is hydropower and pumped
storage. Both enable the effective integration of the huge volumes of solar and wind generation that are needed
to achieve independence from fossil fuels.

ANDRITZ is proud to be a key partner on this journey of transformation. With our unwavering commitment to
innovation and excellence, we are driving the development of hydropower infrastructure across North, Central, and
South America. In this special edition of our Customer Magazine, we shine a spotlight on the indispensable role that
hydropower and innovative energy solutions, such as synchronous condensers, play in shaping the future energy
landscape of the Americas.

Hydropower stands as a beacon of sustainability, providing a vast, reliable, and renewable energy source that
is essential for meeting ambitious carbon reduction targets. As countries strive to mitigate the effects of climate
change the scalability and flexibility of hydropower becomes ever more valuable.

ANDRITZ is dedicated to advancing the rehabilitation and upgrading of existing hydropower infrastructure throughout
the Americas. By modernizing aging facilities and improving operational efficiency, we are extending the lifespan of
critical assets while minimizing any environmental impact. Through our cutting-edge manufacturing capabilities located
strategically across the region, we strengthen local economies and foster further innovation in the hydropower sector.

Energy makes a vital contribution to people's quality of life, to society and to human progress. This is the case today
and will remain so in the future. Working together with the people of the Americas, ANDRITZ is committed to making
that future clean, environmentally friendly, and sustainable.

Yours sincerely,

Alexander Schwab
Senidr Vice President
ANDRITZ HYDRO GmbH




HydroNews App: [awr |

. HYDRONEWS
Download on our website

or in the AppStore/PlayStore [l!.”

E E HYDRONEWS

2 online magazine,

- newsletter and
contact information:
E H www.andritz.com/hn-americas

Follow us on: Linked[f}]

Print product with financial

%Ihﬂ meim :’:I{"f" E climate contribution

IMPRINT:

Publisher: ANDRITZ HYDRO GmbH,

A-1120 Vienna, Eibesbrunnergasse 20, Austria
Phone: +43 50805 0

E-Mail: hydronews@andritz.com

Responsible for the content:

Alexander Schwab, Jens Paeutz

Art Director and Editorship: Marie-Antoinette Sailer

Online magazine: www.andritz.com/hydronews
Published in: English, French, Portuguese, Spanish
Layout & Design: INTOUCH Werbeagentur, Austria
Contributing Photographers & Providers:

Adobe Stock, FreeVectorMaps.com

Printed at WGA Print-Producing, Austria;

Printed on FSC paper;

Copyright©: ANDRITZ HYDRO GmbH 2024.
All rights reserved.

No part of this publication may be reproduced without
permission of the publisher. Due to legal considerations,
we must inform you that ANDRITZ AG processes your
data for the purpose of informing you about the
ANDRITZ GROUP and its activities. Learn more about
our privacy policy and your rights on our website:
andritz.com/privacy.

IN THIS ISSUE

EDITORIAL

HARNESSING HYDROPOWER

Empowering the Energy Transition
in the Americas

FACTS & FIGURES
THE AMERICAS IN SHORT

HYDROPOWER IN FACTS

SPECIAL TOPICS

PUMPED STORAGE
Powering the future

SAFETY FIRST
Health & Safety and Employee Engagement

RENOVATE AND REJUVENATE
Live long and prosper with ANDRITZ

CUTTING EDGE
MANUFACTURING CAPABILITIES
Striving for operational excellence

THE RENAISSANCE OF
SYNCHRONOUS CONDENSERS
Renewables and power system stability

ANDRITZ INNOVATION: AT THE
HEART OF SUSTAINABLE HYDROPOWER
R&D and fish-friendliness

03

02
68

06

08

38

40

64

66


http://www.andritz.com/hydronews

COUNTRY REPORTS

NORTH AMERICA
Region overview

CANADA
Maintaining leadership in green energy

THE UNITED STATES
Reinvigorating hydropower for the future

MEXICO, CENTRAL AMERICA & THE CARIBBEAN
Region overview

MEXICO

Resurgence of rehabilitation

CENTRAL AMERICA & THE CARIBBEAN
Commitment to diversifying energy

SOUTH AMERICA
Region overview

ECUADOR
Commitment to diversifying energy

BRAZIL
Energy transition driven by ANDRITZ

COLOMBIA
Hydropower and national COP commitments

CHILE
Hydropower: The key to Chile's climate strategy

PERU
Ready for renewable energy growth

VENEZUELA
Renewable energy in a land of grace

10

12

18

24

26

32

4Lt

46

48

S4

58

60

62



PUMPED STORAGE

SPECIAL TOPIC

HYDRONEWS

>

output renewables
and releasing it when needed helps balance the grid. Although
chemical battery technology has made great strides in recent
years, it still falls far short of the world's oldest and still most
successful form of energy storage — pumped storage hydropower.

According to the International Hydro-
power Association (IHA), some 85+% of
the world's total energy storage capacity
is met by pumped storage. The latest IHA
figures also reveal that about 1775GW of
pumped storage capacity is currently
installed worldwide. About 10.5 GW of new
capacity has recently been added to the
globalfleet. Withits ability to flexibly deliver
large quantities of power for extended
periods and at short notice, pumped
storage hydropower's unique capabilities
make it the standout energy storage solu-
tion. The benefits pumped storge can
bring has led to a substantial pipeline of
214 GW either in planning, permitting or
already under construction. The IHA notes
that the global pumped storage capacity
over the next two decades is expected
to double. Furthermore, while pumped
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, absorbing excess energy

storage projects have traditionally been
associated with particular geographical
features such as linked reservoirs in
mountainous regions only, alternative
solutions are now being developed too.
Under certain circumstances it is possible,
for instance, to retrofit pumped stor-
age caopabilities at existing facilities
such as conventional hydropower plants,
irrigation dams, and even disused mines
and quarries.

Although much of the new pumped
storage capacity developed over recent
years has been developed in Ching, both
North and South America are also looking
at embracing this approach. Pumped
storage already accounts for more than
95% of all utility-scale electricity storage
in the United States, for example, which
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BENEFITS OF PUMPED STORAGE

+ Best-proven, low-risk technology

+ Balances volatile renewable energy
generation with demand

+ Manages grid bottlenecks

« Supports grid stability by virtue of a quick
response to changing demand or sudden

outages

+ Contributes to grid stability by increasing

grid inertia and providing black start
capability

« Very long facility lifetime

operating 177 MW
pumped storage facility. However, last
year a report by WaterPower Canada
on the technical and economic potential
of pumped storage hydropower plants
in Canada found that potentially over
8,000 GW at nearly 1,200 sites is feasible.

So far, South America has only succeeded
in installing about TGW of pumped stor-
age capacity with two plants of 750 MW
and 224 MW in Argentina and just 20 MW
in Brazil, constructed in 1939. Nonethe-
less, South and Central America have
huge potential for pumped storage, some
estimates put that at 7000 to 8,000 GWh
per million people each, and they are seen
as among the most attractive markets for
pumped storage for this reason.

As a leading hydropower technology
company ANDRITZ has supplied or refur-
bished more than 460 pumped storage
units over the last century with a com-
bined capacity of almost 40,000 MW.

ANDRITZ has played a pivotal role in devel-
oping pumped storage plants across the
Americas, showcasing our expertise and
dedication to hydropower. Our work on

ering of 'c'l'pﬁmp turbine unit incly

turbine, and inlet valve.

like Northfield Mountain

re we supplied four large

reversible turbines capable of impressive

water flow rates for a power output of

1,168 MW, and Muddy Run in the US, gen-

erating 1,070 MW from eight units,

underscores our capacity to deliver

high-capacity energy storage and
generation solutions.

HYDRONEWS

"Pumped storage is more than
just a back-up for intermittent

renewable energy resources.

Beyond these significant projects,
ANDRITZ continues to support
the hydropower industry with
a comprehensive portfolio of
services and state-of-the-art
equipment. Our local presence
ensures ongoing support for
projects, enhancing efficiency and sus-
tainability in both existing and new
hydropower plants. We are committed
to advancing the hydropower sector as
a key component of global renewable
energy, working alongside developers,
operators, and suppliers.

ANDRITZ stands ready to support both
existing and new pumped storage proj-
ects to help the Americas meet all their
bulk energy storage needs.

AUTHOR

Marie-Antoinette Sailer
hydronews@andritz.com

It offers a wide spectrum of
benefits and plays a vital role
within local and regional water
and energy programs.”

PUMPED STORAGE
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Health & Safety and
Employee Engagement
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ANDRITZ is unconditionally committed to
all relevant aspects of occupational health
and safety, environmental protection, as
well as product and process quality.

Its most important resource, ANDRITZ
firmly believes, is its employees, who must
be protected and valued. Therefore, all
employees and all those who are directly
or indirectly involved in the business are
provided with a safe, secure, and suitable
working environment.

Research has identified the top 10
employee engagement drivers:

+ My job allows me to utilize my strengths.

« | trust our executives to lead the
company to future success.

+ | believe this organization will be
successful in the future.

+ | find my job interesting and challenging.

+ The executives of this organization
value people as their most important
resource.

* My opinions seem to count at work.

« If | contribute to the organization's

THE AMERICAS / 2024

success, | know | will be recognized.

+ | see professional growth and
career development opportunities for
myself here.

+ The executives of this organization
demonstrate integrity.

+ | have the information | need to do my
job well.

Engaged employees perform better,
experience less burnout, and stay in orga-
nizations longer. Employee engagement
therefore has a direct impact on an orga-
nization's success, as well as employee
well-being and overall work environment.

ANDRITZ has adopted several tools
and routines to improve and increase
employee engagement at all its loca-
tions across its global locations and proj-
ect sites. One of the best examples of our
commitment to well-being is evident in
ANDRITZ North America.

Among the tools used to foster employee
engagement are regular ‘All Employee
meetings’ with the executive board,
‘Lunch & Learn’ with the senior manage-
ment, and team recognition.
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Good housekeeping practice — clear walkways and caution

tape to delineate laydown

Health & Safety

ANDRITZ North America uses the Safety
Recognition Program framework across
its project sites to nurture and enhance
a safety culture, as well as promote
employee engagement.

A highlight comes from a hydro refurbish-
ment project in Saskatchewan, Canada.
Here a strong safety recognition program
is built into everyday operations. It is dem-
onstrating substantial results.

-

Results
- Strong safety culture evident through-
out the project

- Diligent compliance with safety policies
and procedures

- Satisfied customer promoting
ANDRITZ initiatives

> Engaged work crew — sense of
pride in the work being performed

HYDRONEWS

Good practice - Stator protection

9

"Employee engagement

Program foundation - Minimal staff turnover throughout is the result of trust,
Name of the initiative: '‘Get Caught the span of a 6-year project empowerment and

Working Safe'. communication.”

Promotes a culture of safety throughout
the project.

Provides recognition for going above
and beyond.

Stimulates employees' sense of belong-
ing and value within the project team.

Recognition for positive workplace inter-
actions, such as mentoring and coaching

Observation cards — completed by
all levels (worker, foreman, supervisor,
safety manager, site manager)

- No short cuts: crew recognizes the
importance of taking the time to
set up all activities correctly.

- Positive and inclusive organizational culture

- Low incident rate

Additional tools include specially focused
audits, management site visits, last minute
risk assessments and meetings for safety
coordination, observations, and sharing
lessons learned.

AUTHOR

Joanne Harte
hydronews@andritz.com

HEALTH & SAFETY
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Region overview and figures

The wealth of natural resources in continental North
America makes it ideal for generating renewable
energy. Hydropower has been a major contributor
to the electricity market for many years and is still
essential for supplying electricity to millions of people.
The North American hydropower sector has seen
positive growth in recent years, driven by regulatory
approaches that will further maximize the potential
for hydropower development and modernization.

Canada, which has abundant water resources, is
thought to have an unexploited technical hydro-
power potential of 163 GW, while the United States
has a remaining technically feasible capacity of
about 150 GW. Across the continent, TGW of new
hydropower capacity came online in 2022.

The relationship between hydropower and indig-
enous communities in North America is crucial to
ensure we meet our energy needs while ensuring the
communities play an active role in the acceptance
and development of projects on their native lands.

Some government owned utilities have announced
reconciliation action plans to ensure proactive
engagement and involvement of indigenous
communities. Collaborative efforts will be required
between governments, industry, and indigenous

groups to ensure a sustainable future in North America.

Furthermore, stringent measures are being imple-
mented to protect fish populations, ensuring
minimal disruption to aquatic ecosystems. The
push toward sustainability in North American
hydropower also favors ongoing modernization
efforts. Aging infrastructure is being upgraded
to enhance efficiency, safety, and environmental
friendliness. Moreover, there's a growing emphasis
on incorporating technological innovation to
optimize operations and minimize any ecological
impacts. One notable advance lies in the expansion
of pumped storage facilities. They enable excess
energy to be stored during periods of low demand
and released during peak hours, thereby enhancing

grid stability and power supply security.
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COUNTRIES: 2 OUR LOCATIONS IN

NORTH AMERICA:
CANADA, THE UNITED STATES CANADA

1 Pointe-Claire (QC) - Canadian Hydro Head Office
2 Chambly (QC) - Hydro Automation &

P O P U L AT I O N o Electrical Power Systems
° 3 Paris (ON) - Gates Engineering & Manufacturing Plant
4 Boucherville - P&G Service and Rehalb Specialists
372.22 MILLION s Perborough (ON ~ Generator Conter

6 Richmond (BC) - Regional Office

RRRRRRRRRRRRRRRRR

8 Spokane, Washington

HYDROPOWER
INSTALLED CAPACITY: PUMPEDSTORAGE

1 8 5 GW INSTALLED CAPACITY:
GENERATION BY 22 GW

HYDROPOWER:
654 TWh | Y MRERSTORACE
capacity appep: | 96 MW

1,108 MW




12 HYDRONEWS THE AMERICAS / 2024

MAINTAININ
LEADERSHIP
GREEN ENER

h more than 83GW of
capacity, Canada
rth largest hydroelectric
ty after China, Brazil
‘ iting approximately
| hydroelectric gen-
hydropower accounts
of al national installed
ﬁé'rotion sources.

t anada is facing new power
requirements and requires additional

e Sy capacity to respond to the continuous
~d Jemand. For example,
duebec, an additional
éity will be required
to approximately 50%
led capacity, which is
/ Similarly, according to the
provincial government in British Columbia,
P electrical demand there will increase from

its current 12GW of installed capacity

by around 15% between now and 2030.

gt/ M

Given that Canada has the potential to
more than double its current hydropower

COUNTRY REPOR
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(091, 7:15 7.

Total population: 38.93 million
GDP per capita: 55,036 USD

Total installed hydro capacity: 83,312 MW
Installed pumped hydro: 177 MW
Hydropower capacity added in 2022: 1}

Hydro capacity under construction:™ 3|

Share of generation from hydropower:

Hydro generation per year: 392,353 G

Technically feasible hydropower pote 240,000 MW

capacity, hydropower will certainly play a
vital role in meeting national decarbon-
ization objectives.

With this substantial increase in demand
already forecast, Canada also has to
address its aging hydropower fleet,
which requires both maintenance and
adaptation to meet changing operating
requirements. In fact, most of the nation's
generating stations will need to be reha-
bilitated as the bulk of its hydroelectric
power plants were built in the early 1990s
and thus require upgrades and potential
efficiency improvements.

With a substantial presence in Canada
supported by a highly skilled and exper-
ienced team, ANDRITZ is very well posi-
tioned to respond to this new electricity
demand. With its Hydropower head office
in Pointe Claire, Quebec, and other loca-
tions in Boucherville, Quebec, Chambly,
Paris and Peterborough, ANDRITZ has
already targeted various potential fields

All figures concern 2022;

Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023

of work where our integrated solutions in
the hydro sector "from water-to-wire" can
make a significant contribution.

The company is one of the leading
suppliers of electromechanical equip-
ment and services for hydropower
plants in Canada and offerings from
ANDRITZ Hydropower Canada include
R&D, design, project management, pro-
curement, manufacturing, delivery, instal-
lation, and commissioning services for
hydroelectric generating station equip-
ment. This includes turbines, generators,
governors, exciters, automation, all types
of gates, and multiple associated auxil-
iary systems. More specifically, ANDRITZ'
widely recognized expertise is focusing on
the following sectors.

REHABILITATING AND UPGRADING
THE CURRENT HYDROELECTRIC
PORTFOLIO

The necessity of rehabilitating the current
hydroelectric fleet has been clearly

CANADA

COUNTRY REPORT
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—  identified by most utilities in Canada and
represents a need to replace/upgrade
close to 350 generating units over the
next 15-20 years. This work has already
; been initiated by many of our customers,
including Hydro-Quebec, Ontario Power
v Generation, Manitoba Hydro and BC
Hydro, Newfoundland & Labrador Hydro,
olugen and NB power.

; ‘ ' to respond to the rehabilita-
tion'needs of all these existing facilities,
ANDRITZ has accrued the staff, experi-
" ence, expertise and know-how across all
- the required fields of engineering, project
management, sourcing, installation, com-
missioning, and servicing. This enables
ANDRITZ to provide a full service for any
large hydro units, as well as small units,
including automation and any related
heavy mechanical components.

Some examples of rehabilitation projects
carried out by ANDRITZ Hydropower
in Canada:

THE EB CAMPBELL GS
EXTENSION PROJECT

In April 2017, ANDRITZ won the mandate
from SaskPower for a project to extend the

LIFE

lifetime of six units rated at 37 MW each

St o P e AT
“-‘ag-_i opyrights: Sask Power
Al o e

EB Campbell Generation Station

through a refurbishment program. The
scope included a successful model test, the
design, and the supply of replacement run-
ners, new distributors, new stators with new
laminations and new coils. The scope of
supply also included replacement of head
gates, trash racks, and hoists, the installa-
tion and the refurbishment of intoke gate
guides, generator poles, turbine and gen-
erator shafts, bearings, and many other
components. The balance of plant elements
includes the assessment/replacement of
selected instrumentation and controls.

Scheduled for six consecutive years start-
ing in 2019, the entire six units will be com-
pleted in 2025.

THE SIR ADAM BECK G1/G2
UPGRADE PROJECT

In 2018, ANDRITZ was selected by Ontario
Power Generation (OPG) for the upgrade
of two units (G1 and G2) at the Sir Adam
Beck plant. The contract included the
engineering, dismantling, and replace-
ment of turbines and generators of the
two units as well as automation, EPS,
and headgate works. The Sir Adam Beck
Ground Station 1(SAB1) is a 10-unit station
located close to Niagara Falls, in Ontario.
The station was originally placed in service
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between 1922 and 1930 and has always
worked at a very high capacity.

Working collaboratively with OPG has
proven to be very successful, the project
also included the dismantling and
replacement in situ of the spiral cases to
adapt to the new configuration of the
improved turbines.

THE MUSKRAT FALLS
GENERATING STATION

ANDRITZ executed the contract for the
824 MW Muskrat Falls hydropower plant,
owned by Newfoundland & Labrador
Hydro, including the design, supply, and
installation of four new vertical Kaplan
units with a capacity of 206 MW each.
In addition to the turbines, the proj-
ect included, synchronous generators,
digital governor systems with servomo-
tors and high-pressure oil supply systems,
static excitation, control, protection,
and monitoring systems. ANDRITZ also
supplied the hydro-mechanical works
under a separate contract. The four
new generating units operated by
Newfoundland & Labrador Hydro were
completed in November 2021 and are
providing more than 800 MW of clean,
renewable, and dispatchable capacity.

—

HYDRONEWS
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RENEWABLE ENERGY
PROGRESS TRACKER

KEY ELECTRICITY INDICATORS

69%

Share of renewable energy
in power generation, 2022

7% 1

Share of VRE in
power generation, 2022

Source: I[EA

1 74%

Share of renewable energy
in power generation, 2028

1111%

Share of VRE in
power generation, 2028
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THE DES JOACHIMS
PROTECTION AND CONTROL
SYSTEMS UPGRADE

ANDRITZ completed a two-year long
protection and control upgrade of eight
generating units at the Des Joachims
power plant in Rolphton, in February
2022. Des Joachims is a key 428.8 MW
generating station in the eastern region
of Ontario Power Generation's service
area. The scope of work included an
engineering and drawings package for
the upgraded protection and control
system, and associated instrumentation
and manufacturing of the protection and
control panels at our shop in Chambly,
equipment and cables installation at the
power plant and commissioning of the

. upgraded equipment.

~ PUMPED STORAGE INITIATIVES

With its unique integrated single source
capability and capacity to provide all

 the required components, ANDRITZ is

well positioned to respond to the needs
of upcoming pumped storage projects
ent e'Lng developed across Canada.

These pumped storage projects present
themselves as a very attractive solution to
meet new green energy demands with the
environmentally friendly technology.

During periods of low electricity demand,
pumped storage plants draw on excess
electricity to pump water up to a reservoir.

O Share of electricity
/ generation from hydropower
O in total production
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Like a battery, this water serves as a
reserve of energy that can later be used
to produce hydroelectricity during peak
periods. The technology also helps
provide ancillary services to help with grid
operator stability requirements.

In fact, around the world pumped stor-
age projects are expected to grow from
the current 160 GW of capacity to reach
240 GW by 2030, according to the Inter-
national Hydropower Association (IHA).
Canada is following this trend as pumped
storage hydropower is one of the fastest
growing solutions to meet peak demand
and to balance the grid.

Seven major pumped hydro storage
projects are planned across Canada in
Ontario, Alberta and Yukon. They are all
planned for the 2030s and the installed
capacity varies from 75MW (Alberta) up
to 1,000 MW (Ontario) with various peak
production periods.

CONCLUSION

Canada’s key energy objective is to
maintain its leadership in the hydroelectric
sector as part of its future green energy
strategy. With its unique capabilities
from engineering to commissioning,
the know-how and agility of its
Canadian management team combined
with the depth of its overall resources,
ANDRITZ Hydropower Canada is definitely
well positioned to respond to that goal.

AUTHORS

Pierre Marquis
Hany Aoude
hydronews@andritz.com

Gates at Muskrat Falls hydropower plant

Accumulator instrumentation at the
Des Joachims hydropower plant
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Sir Adam Beck hydropower station



18

o)
__m
1T}
[+ 4
>
o
=
4
=
O
O

HYDRONEWS

The United States — Hydropower signifi-
cantly contributes to the US energy port-
folio, representing approximately 6.2% of
the nation's electricity generation in 2023.
Enhanced technology, policy support, and
increased installed capacity have further
reinforced this sector. The US has a theo-
retical hydropower potential of 512GW,
encompassing about 4,488 TWh/year in
gross potential and 153GW in remaining
technically feasible hydropower potential.

However, regulatory and environmental
hurdles for new projects mean the focus has
shifted towards refurbishing and moderniz-
ing existing facilities. Developing non-power
dams and small hydro projects presents
new growth opportunities, yet transmission
bottlenecks pose ongoing challenges.

THE AMERICAS / 2024

The Inflation Reduction Act of August
2023, primarily aimed at inflation control,
holds potential implications for the
energy sector. It could further incentivize
the modernization of energy infrastruc-
ture, benefitting hydropower refurbish-
ment, and possibly mitigating financial
risks. Additionally, the Act may bolster
energy storage solutions like pumped
hydro, which can help address existing
transmission constraints and foster a
more integrated energy system.

ANDRITZ IN THE US

At ANDRITZ, we leverage our extensive
expertise and commitment to hydropower
excellence. Our approach goes beyond
addressing technical challenges; we aim
to set the highest industry standards.
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Our advanced runner central aeration

system exemplifies our innovation drive.

This cutting-edge technology stabilizes THE UNITED STATES

water flow during part-load operations,
reducing the need for external compres- Total population: 333.29 million

sors and minimizing noise and vibration. GDP per capita: 76,343 USD

Environmental sustainability is also at the . .
Y ) Total installed hydro capacity: 102900 MW
forefront of our R&D efforts, especially

regarding aquatic life. Our initiatives focus Installed pumped hydro: 22,008 MW

on sustainable hydropower practices, Hydropower capacity added: 96 MW
including oil-free designs and fish-friendly Hydro capacity under construction: ~ 500 MW
technologies.

Share of generation from hydropower: 6.2%
Reflecting on ANDRITZ's efforts in the U.S,, Hydro generation per year: 262,000 GWh
the Charlotte office, set up in 1991, has Technically feasible hydropower potential: 153,000 MW
played a pivotal role in major rehabilita-

tion initiatives along important water-

ways. In the turbine sector, our supply and

All figures concern 2022;
Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023
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Control and cleaning of generator stator stacking,
Collierville hydropower station
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refurbishment of 218 units has achieved
a collective output of 8,787 MW. In the
area of hydro generators, our supply and
revamping of 231 units has culminated in
an impressive total output of 14,802 MVA.
Especially noteworthy is the extensive
renovation of the generator units at Grand
Coulee where ANDRITZ has rehabilitated
21 of the 24 generating units.

Given our significant presence and recent
string of awards, ANDRITZ is ideally
positioned to offer world-class reha-
bilitation and services to ailing hydro
plants. We have been involved in many
major US hydropower projects, such as
Collierville, (140MVA), Barkley (186MW),
Keystone (70 MW), Robert S. Kerr (147.2 MW),
Old Hickory (162MW), Keys (6,809 MW),
Anderson Ranch (41MW), and offshore
energy project Vineyard (342 MVA).

As we explore the evolution of hydropower
and critical related projects, it's insightful
to acknowledge the crucial stages that
contribute to their success. The transfor-
mation of projects like Barkley, Robert S.
Kerr, Old Hickory, Anderson Ranch, and
Vineyard from initial concepts into sub-
stantial achievements underscores the
value of strategic planning and effective
communication. The process of devel-
oping proposals, engaging in thoughtful
negotiation, and securing initial agree-
ments, forms the backbone of these proj-
ects. This aspect of the journey plays a
fundamental role in turning visions into
reality. The contribution of proposal devel-
opment and sales is an essential thread
woven throughout the tapestry of each
project's success, subtly guiding them
from their inception through to fruition.

ANDRITZ Hydropower in the US caters to
a diverse range of needs, from large new
units to smaller, compact hydro units,
including automation. Our core business
remains the rehabilitation and upgrad-
ing of existing plants, aligning with the US
market's demands.
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NEW PROJECTS SINCE 2016
Collierville (contract awarded 2018):
This project involved two generator units,
each rated at 140 MVA, at the hydropower
plant. ANDRITZ was responsible for the
design, manufacture, and delivery of new
Roebel bars. The first unit was success-
fully handed over and came back online
in early December 2018, two weeks ahead
of schedule. Besides the design and
manufacturing tasks, ANDRITZ took on
the removal of existing windings, inspec-
tion, and evaluation of the stator core, as
well as the installation of new windings.
The advanced Roebel bars installed have
increased the efficiency of the generators.
This project also set a precedent for future
collaborations, as the successful early
completion led to immediate approval for
the second unit.

John W. Keys Il Plant at Grand Coulee
(contract awarded 2019):

The John W. Keys lll pump-generating
plant, part of the Grand Coulee Dam, is
receiving a major automation overhaul
from ANDRITZ. This upgrade is a monu-
mental task involving the replacement
of systems dating back to the 1950s and
1970s with state-of-the-art digital con-
trols. The plant comprises six pumping units
and six pump-generating units, all of which

Unit hall of John W. Keys Ill pumped storage plant at Grand Coulee

RENEWABLE ENERGY
PROGRESS TRACKER

KEY ELECTRICITY INDICATORS

22%

Share of renewable energy
in power generation, 2022

£34%

Share of renewable energy
In power generation, 2028

Share of VRE gep 3 - Share of VRE generation,
2022 _ : 2028

Source: [EA

THE UNITED STATES
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will be modernized. This will result in more
efficient operations, reduced maintenance
costs, and increased reliability. The project
also includes the removal of existing sys-
tems and installation of new ones, making
it one of the most comprehensive automa-
tion projects ever undertaken by ANDRITZ.

Vineyard (contract awarded 2019):

The Vineyard Wind 1 project sets out a new
standard for offshore wind energy in the
United States. ANDRITZ is contributing to
this landmark initiative by supplying two
state-of-the-art synchronous condenser
systems. These systems will be crucial for
voltage regulation and reactive power
control, ensuring the reliable integration of
renewable energy into the grid. The sys-
tems will have a rated condenser output
of +171/ -133MVAr and operate at 11.5kV,
60 Hz. This project serves as a blueprint
for sustainable energy solutions and is a
cornerstone in the ANDRITZ portfolio of
renewable energy projects.

Barkley (contract awarded 2020):

Situated on the Cumberland River in
Western Kentucky, this 186 MW hydro-
power plant will undergo a comprehen-
sive rehabilitation program. The work will
include a turbine and generator overhaul,
aiming to boost the plant's annual power
generation to approximately 150 GWh.
The Barkley project is more than just a

e
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rehabilitation though; it's a transformation.
In a comprehensive overhaul, ANDRITZ will
replace the existing Kaplan turbine gener-
ator units with new, more efficient models
that will operate at a capacity of 46.5MW
each. The project also includes the instal-
lation of advanced auxiliaries and ancil-
lary equipment. Once fully commissioned,
the plant is expected to contribute signifi-
cantly to the US Army Corps of Engineers'
renewable energy targets.

Keystone (contract awarded 2021):
ANDRITZ was awarded a contract by the
US Army Corps of Engineers for the reha-
bilitation of both generators at the Key-
stone generation station in Oklahoma.
The project is part of an ongoing ANDRITZ
commitment to modernize aging infra-
structure. Completion is scheduled for the
second half of 2024.

Robert S. Kerr (contract awarded 2021):
Located on the Arkansas River in East-
ern Oklahoma, this project involves the
rehabilitation and upgrade of all four
turbines and generators at the hydro-
power plant. Once completed, the plant
is expected to generate approximately
152 GWh per year.

Old Hickory (contract awarded 2023):
This 162MW hydropower plant on the
Cumberland River is slated for a major
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overhaul, including the turbines and
generators. The ANDRITZ scope of work
involves design, manufacture, transport,
erection, testing, and commissioning.
The first unit is expected to be recommis-
sioned in August 2026.

Anderson Ranch

(contract awarded 2023):

In a significant new development, ANDRITZ
has secured a contract from the Bureau of
Reclamation's Pacific Northwest Region
for the modernization and runner replace-
ment of two turbine units at the Anderson
Ranch Dam Powerplant in Mountain Home,
Idaho. The comprehensive scope of work
encompasses complete runner replace-
ments, various component rehabilitations,
and on-site tasks such as disassembly,
alignment, and unit recommissioning.
This contract serves as a continuation of
a fruitful collaboration between ANDRITZ
and the Bureau of Reclamation, building
on the success of the earlier Palisades
project. The Anderson Ranch project is
designed to upgrade the existing verti-
cal Francis runners, achieving a combined
total output of approximately 41TMW.
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Powerhouse, Old Hickory hydropower station
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Anderson Ranch hydropower plant, dam, and reservoir

Ul:\i-t hall, Barkley hydropower station
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and the Caribbean

Region overview and figures

Mexico, Central America, and the Caribbean
region have seen an increase in the develop-
ment of hydropower, representing a major shift
towards renewable energy sources to increase
energy security and reduce dependence on fossil
fuels. This transition is in line with global efforts to
combat climate change and achieve the Sustain-
able Development Goals. As a clean and abundant
source of energy, hydropower plays a crucial role
in diversifying the energy mix and addressing the
challenges associated with climate change.

The region's rich water resources are ideal for the
development of hydropower, which represents a
sustainable alternative to fossil energy sources.
By harnessing the power of rivers and water bod-
ies, the countries of Mexico, Central America, and
the Caribbean can not only meet their grow-
ing energy needs, but also reduce the envi-
ronmental impact associated with fossil fuel
power generation.

Moreover, modernizing the existing hydropower
fleet is becoming a focal point in meeting new
energy demands and achieving climate goals.
Aging infrastructure and outdated equipment pose
a challenge to maximizing the efficiency of hydro-
power generation. Government-owned and private
companies are investing in the modernization
and retrofitting of existing hydropower facilities
to improve performance, increase capacity, and
optimize environmental performance.

The trend of modernization includes the integra-
tion of advanced technologies such as smart grids,
synchronous condenser systems, digital monitor-
ing systems, and innovative turbine design. These
upgrades not only improve power generation, but
also contribute to grid stability and facilitate the
integration of intermittent renewable energy sources
such as solar and wind. This makes the modernized
hydropower fleet a cornerstone in building a resilient
and adaptable energy infrastructure for the future.
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OUR LOCATIONS IN CENTRAL
AMERICA: COUNTRIES: 32

MEXICO, GUATEMALA, BELIZE, EL
SALVADOR, HONDURAS, NICARAGUA,
COSTA RICA, PANAMA, LUCAYAN
ARCHIPELAGO, GREATER ANTILLES,
LESSER  ANTILLES, WINDWARD
ISLANDS, AND LEEWARD ANTILLES

POPULATION:
222.14 MILLION

MEXICO

1 Morelia, Michoacdn manufacturing location

HYDROPOWER
| INSTALLED CAPACITY:

20.85 GW

GENERATION BY
HYDROPOWER:

60 TWh

CAPACITY ADDED:

34 MW

All figures concern 2022;
Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023
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MEXICO

Total population: 127.50 million
GDP per capita: 11,265 USD

Total installed hydro capacity: 12,614 MW
Hydro capacity under construction: > 840 MW
Share of generation from hydropower: 10%
Hydro generation per year: 31,848 GWh

Technically feasible hydro generation potential:



Power unit hall of Angostura hydropower plant

Pelton runner at Zimapan hydropower plant
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LK, HUNAYA

— (hydroelectric plant modernization), and
Automation. These segments sit at the
heart of the evolution and modernization
of the hydroelectric power generation
sector in Mexico.

Our range of products and services
spans turbines, generators, gates, and
valves as well as excitation, control and
protection systems, post-sales service
including operation and maintenance
services for assets, and small service
with a focus on mechanical and electri-
cal solutions.

Consolidating its position as a leader in
Mexico's hydroelectric sector develop-
ment, ANDRITZ is successfully leading
a consortium that, at the end of 2021,
secured strategic contracts for the

O
O
>
W
>

renovation of nine hydroelectric power
plants across the country.

These contracts, awarded by the CFE,
represent a milestone in developing a

{EPORT

Generator stator at Peiitas hydropower station

COUNTRY



more efficient and sustainable energy
system in the country.

The power plants being modernized are:
Humaya (50MW), Zimapan (304MW),
El Caracol (630 MW), Infiernillo (400 MW),
La Villita (320 MW), Mazatepec (244 MW),
Pefiitas (420 MW), Malpaso (1,152 MW),

and Angostura (1,000 MW).

The contracts for this rehabilitation form
part of one of the largest modernization
programs, not only for the client CFE and
ANDRITZ but also for the global hydro-
electric market.

The modernization of these power plants
will not only strengthen the nation's
generation capacity but will also play a
fundamental role in ensuring a reliable
energy supply for the future of Mexico.

HUMAYA
The modernization of the generator
of unit 2 at the Humaya hydroelectric

power plant, which has a capacity of
45MVA, was undertaken. The installation
of a new magnetic core and new wind-
ing, along with the rehabilitation of the
insulation of the rotor poles, allowed for
the complete transformation of both the
stator and the rotor. The modernization
works have increased the capacity of
the Humaya hydroelectric power plant
by over 20%, raising the power of the two
generators in the plant to 46 MVA with an
efficiency of 98%.

The improvements to the power plant
will enable more reliable and efficient
benefiting both
consumers and the operating company.

electricity generation,

SANTA MARIA

The renewable energy field is constantly
evolving, and one of the most promising
projects in this energy revolution is the
installation of modern equipment at the
Santa Maria Dam in Rosario, Sinaloa. This
project achieved a significant milestone
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Butterfly valve installation at Santa Maria hydropower plant

in May 2022 with the awarding of a con-
tract that includes two butterfly valves
with a nominal diameter of 3,500 mm with
double sealing.

These valves, whose workshop tests were
approved for on-site installation, repre-
sent the ANDRITZ commitment to quality.
The commissioning was completed in
December 2023.

In May 2023, ANDRITZ was entrusted with a
follow-up contract for the same hydropower
plant for the supply of electromechanical
equipment including two Francis-type units
of I5SMW each, inlet valves, electric gen-
erators, control equipment, speed gover-
nors, excitation, protection, and assembly

THE AMERICAS / 2024

services. The new equipment promises to
take Santa Maria to new levels of capacity
and efficiency in renewable energy genera-
tion allowing the control of the flow of the
Baluarte River and bringing us closer to the
two main objectives of this multipurpose
project: the irrigation of 24,250 hectares of
agricultural land and the supply of drinking
water to almost 430,000 inhabitants of the
surrounding communities.

THE PRESIDENT PLUTARCO ELiAS
CALLES THERMAL POWER PLANT
(PETACALCO)

Located in the municipality of La Unién
de Isidoro Montes de Oca, Guerrero,
Mexico, this power plant has been a
major contributor to national electricity

Q Share of electricity
/ generation from hydropower
O in total production

Electric cubicles at Mazatepec hydropower plant
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RENEWABLE ENERGY
generationsince itcommenced operations P R o G R E ss T RAC K E R

in November 1993. With seven generators

boasting a total installed capacity of KEY ELECTRICITY |ND|CATORS, MEXICO

2,778 MW, it stands out as one of the largest
in Latin America.

In an ongoing commitment to efficiency 200/ Gzzo/
and innovation, the owner of the power o = o

plant has awarded ANDRITZ an order for
the acquisition, installation, and commis- Share of renewable energy Share offféfiewable energy
' ' in power generation, 2022 in pOWer generation, 2028

sioning of two static excitation systems,
designated for generating units 3 and é.
These systems, with advanced technical
features including HIPASE-E and «a
redundant configuration for uninterrupted
operation, reinforce Petacalco's position

as a reliable and efficient energy source °/ ﬁ °/
in the region. o = o

AUTHOR Share of VRE in Share of VRE in

Aline Blanco Torres power generation, 2022 power generation, 2028
hydronews@andritz.com

Source: [EA

Combined bearing, Unit 1, La Villita hydropower plant Main transformers, Malpaso hydropower plant
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Central America and the Caribbean - In
the continuous search for new sustainable
energy sources, Central America and the
Caribbean region has become a hub of
substantial advances in renewable energy
penetration supported by hydropower.
This focus on renewable energy has been
crucial in meeting global commitments to
reduce carbon emissions and address the
effects of climate change.

With significant installed capacity and
a growing commitment to clean energy
production, countries in this region have
been primarily exploring and developing
large-scale hydroelectric rehabilitation
projects. Across Central America and the
Caribbean, strategies to diversify energy
sources and reduce dependence on fos-
sil fuels have been driving forward plans
to strengthen hydroelectric power plants.

ANDRITZ, a global company with a long
history in hydroelectric plant engineering
and design, has played a fundamental
role in the success of these projects.
Innovative solutions and cutting-edge
technology have catalyzed the rehabili-
tation, modernization, and upgrading of
high-performance hydroelectric plants in
Central America and the Caribbean.

GUATEMALA

Achiguate:

In August 2023, ANDRITZ achieved a sig-
nificant milestone by securing the contract
for the Achiguate hydroelectric project,
consolidating its position at the forefront
of hydroelectric energy in Guatemala.

The project includes the supply of two
3.7 MW horizontal shaft Francis units, includ-
ing the electric generator, as well as the
provision of control and monitoring sys-
tems. The scope of supply encompasses a
complete range of components from control
panels to SCADA systems and transformers,
ensuring a comprehensively efficient plant.

This project not only highlights the tech-
nical excellence of ANDRITZ but will also
contribute significantly to boosting hydro-
electric capacity in Guatemala, paving
the way towards a more sustainable and
energy-efficient future.

EL SALVADOR

Guajoyo:

In March 2023, ANDRITZ was awarded
a contract to modernize the Guajoyo
hydroelectric power plant. The scope of
supply for this initiative includes a speed
governor, a batch of essential spare parts,
and comprehensive range of services that
encompass assembly supervision, com-
missioning, and training. This milestone
not only underscores the trust placed in
ANDRITZ to enhance the performance
of the Guajoyo plant, but also highlights
the company's ongoing commitment to
operational excellence and comprehen-
sive support in the implementation and
operation of hydroelectric plants.

Cerrén Grande and 5 de Noviembre:

In September 2021, ANDRITZ achieved
a significant milestone by winning the
project contracts for the Salvadoran
hydroelectric  power plants  Cerron
Grande and 5 de Noviembre. This agree-
ment includes the supply of two speed
regulators for the Cerréon Grande hydro-
electric power plant and two for the
5 de Noviembre plant, along with a batch
of essential spare parts. Additionally,
assembly supervision and commissioning
services, as well as training, are included.

15 de Septiembre:

In April 2023, ANDRITZ achieved a signifi-
cant milestone by securing the contract
for the major maintenance of Unit Il in the
15 de Septiembre hydroelectric power
plant. This ambitious project encompasses
a wide scope of supply, ranging from the
renovation of runner blade bushings to
the implementation of an aeration system

HYDRONEWS
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CENTRAL AMERICA

AND THE CA

Totalpopulation: 94.64 millio

IBBEAN

Total installed hydro capacity: 8,240 MW

Hydropower capacity added

Hydro generationspemyeans2

All figures concern 2022;
Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023

—

for the turbines, including specialized
supervision services and comprehensive
electrical testing. Among the highlights
are tasks like the comprehensive repair of
generator shafts and stators, the supply
of specialized tools, and the implementa-
tion of crucial systems such as the cooling
and lubrication of bearings. This achieve-
ment not only underscores the technical
expertise of ANDRITZ but also its steadfast
commitment to efficiency and reliability in
the management and maintenance of
critical hydroelectric infrastructures.

HONDURAS

Francisco Morazan (El Cajén):
The modernization of the excitation
systems at the Francisco Morazdn hydro-
electric power plant (El Cajon) was a
notable success. After winning the ten-
der in October 2019, ANDRITZ achieved a
milestone by progressively commissioning
the units: Unit 2 in January 2021, Unit 1in
October 2021, Unit 3 in December 2021,

and finally, Unit 4 in December 2022. The
project increased the reliability of the
plant's units, which have a total installed
capacity of 300 MW.

From the supply of excitation systems to the
implementation of the advanced HIPASE-E
system, ANDRITZ' comprehensive contribu-
tion has not only provided Empresa Nacio-
nal de Energia Electrica (ENEE) with more
modern and efficient energy equipment
but has also strengthened connectivity
with existing systems. This underscores the
ANDRITZ commitment to excellent and sus-
tainable energy solutions for the develop-
ment of energy infrastructure in Honduras.

COSTA RICA

La Garita:

ANDRITZ, in collaboration with the Costa
Institute of Electricity (ICE), is
advancing the comprehensive modern-

Rican

ization of the La Garita plant in Costa Rica.
After winning the tender in June 2023, the
focus is on replacing key power plant sys-
tems. With two units of 20 MW each and a
strategic location one hour from San José,
in the canton of Alajuela, the plant benefits
from cutting-edge technologies supplied
by ANDRITZ. These include the control
and SCADA system, protection system,
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and speed governor, with notable innova-
tions such as HIPASE-T and HIPASE-S. The
project is scheduled for delivery in June

2024, promising significant benefits for
the plant's reliability and consolidating
ANDRITZ' position as a leader in sustain-
able energy solutions in the region.

PANAMA
Esti:
Located in the province of Chiriqui, this

plant experienced an operational interrup-
tion in September 2022 due to an unusual

rise in the Esti River caused by heavy rains. ] e
Faced with this challenge, ANDRITZ Mexico Control, protection, and regulation system at the 5 de Noviembre
was contacted to conduct inspections and hydropower plant, El Salvador

assess potential damage to the equip-
ment. In a collaborative effort, four spe-
cialized engineers from ANDRITZ Mexico
carried out these detailed inspections.

CENTRAL AMERICA AND THE CARIBBEAN

Presenting reports and an activity sched-
ule to the plant owner, ANDRITZ proposed
ambitious timelines for the rehabilitation
of the plant with a commitment to have
the first unit operational by March 2023
and the second by June 2023.

ANDRITZ successfully delivered on its
promise, completing the work in accor-

COUNTRY REPORT

dance with the schedule while reaffrming —> Esti hydropower plant, Panama
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Installation of turbine runner at
the 15 de Septiembre hydropower
plant, El Salvador

its commitment to quality and efficiency
in the restoration of critical hydroelectric
infrastructure in emergency situations.

The prompt response of ANDRITZ ensured
a contract for rehabilitation of several
additional elements of equipment and
various systems at the power plant. These
contracts highlight the efficiency and pro-
fessionalism of ANDRITZ in critical situa-
tions, as well as a fundamental alignment
with the plant owner's objectives.

THE CARIBBEAN

In the Caribbean, this island region has
recognized the need to reduce its depen-
dency on fossil fuels, mitigate the impacts
of climate change, and ensure a reliable
energy supply for its inhabitants. As a
result, many nations have embarked on
an exciting journey to strengthen existing
hydroelectric power plants. This is an inte-
gral part of their strategy to diversify their
energy matrix and mitigate any potential

THE AMERICAS / 2024

adverse effects of a too rapid penetration
of intermittent generation sources.

The modernization and upgrading of
hydroelectric power plants, as well as the
execution of feasibility studies for pumped
hydro storage projects, have gained con-
siderable momentum in the Caribbean.
With these projects, a new era of renew-
able energy is envisaged, reducing the
region's carbon footprint and enhancing
its energy security.

Maggotty, Jamaica:

In June 2016, ANDRITZ achieved a
significant breakthrough by winning a
contract for a project at the Maggotty
hydroelectric power plant. The scope of
supply included a comprehensive system
that comprised controls, speed governor,
excitation system, mounting materials,
medium-voltage switchgear, AC/DC low
voltage switchboards, auxiliary services
transformer, battery bank, and charger.
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Additionally, ANDRITZ provided essential
services such as assembly supervision,
commissioning, and training.

Upper White River, Jamaica:

In February 2022, ANDRITZ took on a key
challenge after winning a contract for
the comprehensive modernization of the
Upper White River hydroelectric power
plant. This ambitious project encom-
passes an extensive scope of supply,
including the rehabilitation of the turbine
and generator, implementation of a new
control system, speed governor, excitation
system, and protection relays.

Additionally, essential elements such as
AC/DC low-voltage switchboards, gate
supply, assembly supervision, commis-
sioning, and training are also included.

AUTHOR
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Unit hall at Maggotty hydropower plant, Jamaica

Powerhouse and substation of La Garita hydropower plant, Costa Rica
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Live long and prosper with ANDRITZ

Among the biggest advantages of hydropower is its renowned
longevity. Thousands of hydroelectric facilities are still operating
more than a century after they were commissioned resulting in high
demand for modernization and upgrades.

Today many of the world's power plants are
already decades old. Indeed, according
to a recent report from the Interna-
tional Energy Agency, the average age
of a hydropower plant in North America is
nearly 50 years. And, although civil struc-
tures like dams and embankments could
easily stand for more than 100 years, the
electromechanical equipment has a typical
operational life-span of far.less given fac-
tors like abrasion and corrosion.-To get the
best out of these long-lived clean power
generating systems therefore means a
strong commitment to servicing and, when
necessary, refurbishment and rehabilita-
tion. Everything from IT and digital control
systems through to major mechanical com-
ponents like inlet valves, turbine runners,
and intakes are subject to aging and
operational wear

and tear.

-

The demand for modernization and
upgrading of these assets is rapidly
growing given the advancing age of
the global fleet. In addition, though,
changes to operational requirements
in response to the evolving demand for
flexible generation are also increasing
the need for improvement. Hydropower is
well suited to match fluctuations in other
renewables like wind and solar by operat-
ing as spinning-reserve or fast response
capacity. This places new operational
demands on these assets though.

Furthermore, given the need to increase

renewable generation capacity, mod-

ernization of the existing fleet presents a

major opportunity. Modernizing equip-

ment such as turbines and gener-

ators can substantially increose/LL
the power output. \
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~ AGE PROFILE OF INSTALLED
HYDROPOWER CAPACITY 2022

Age, years

100% —

“Modernizing existing hydropower
plants boosts performance and
yields benefits for owners and the 20%

regions they serve.”

South
America

North &
Central
America

Source: Hydropower.org

Turbine  and  generator  efficiency

have seen dramatic improvements
over the years so that upgrading a
40-year-old turbine runner could add
5% or more to the headline efficiency
figure. New demands like reducing the
environmental impact of hydropower
plants are another opportunity. Solutions
like fish-friendly turbine technology and
oil-free turbine runner hubs represent a
new era of environmental stewardship
that is possible through modernization of

existing installations.

As a leading supplier and partner to the
hydropower industry, ANDRITZ has an
extensive catalog of impressive project
references across North, South, and
Central America. Last year, for instance,
ANDRITZ Hydro Canada signed a contract
for the refurbishment of four generating
units at the Otter Rapids station. Across
the border in the USA, ANDRITZ has refur-
bished some 70 units representing about
54% of the national fleet. These projects
include, for example, modernizing the
turbine generator units at Old Hickory
hydropower plant and the automation
modernization of the pumped storage
‘plant John W. Keys lll, part of the Grand
Coulee hydropower complex.

In South America, ANDRITZ is executing
the general overhaul and digitalization of

the turbines of the 1,050 MW Sobradinho
hydropower station and has recently
signed a contract for a comprehensive
refurbishment of the generating units of
the 424 MW Jaguara hydropower plant.
A current highlight is in Mexico, where
ANDRITZ is leading a consortium refur-
bishing nine hydropower plants with
a combined capacity of more than
4,250 MW. The modernization of these
plants will boost generation capacity by
243MW and increase annual generation
by some 1,754 GWh.

Modernization can..update the ‘perfor-
mance of old assets through new tech-
nologies that will make these assets more
efficient and profitable for their own-
ers. An increased level of automation
and monitoring will result in better asset
management, consequently reducing
maintenance costs and downtime. The
modernized assets can operate for
another 30 years, bringing benefits to their
owners and to the regions where these

plants are installed.

With services ranging from operation,
maintenance and repairs, digitalization,
control and automation right through to
full refurbishment of complete electro-
mechanical systems, whatever the future
holds for even the oldest hydropower
plants, ANDRITZ has the solution.

AUTHOR

Marie-Antoinette Sailer
hydronews@andritz.com

39

SERVICE AND REHAB

SPECIAL TOPIC




40

MANUFACTURING

SPECIAL TOPIC

HYDRONEWS

~Striving for operational excellence

ANDRITZ relies on the highest manufac-
turing standards to ensure that all our
solutions are optimized to meet exact-
ing customer requirements, protect the
environment, and support operational
management. This is achieved through
robust compliance across all the various
process steps in the value chain: plan-
ning and design, manufacturing of key
components, in-house assembly, shipping,
on-site assembly, service support.

ANDRITZ Hydropower operates at seven
manufacturing locations across the Ameri-
cas and our teams collectively perform
nearly 500,000 direct labor hours annually.
At all these workshops, the hydropower
business area delivers high quality compo-
nents, products, and services, utilizing the
experience and exggrtise of our top quali-

fied employees.

In addition, all these sites are focused
on further improvements with the goal of
oohie_\gng operational excellence sup-
ported by an ANDRITZ Production System
(APS). This is a system designed to define,

&

i -
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describe, quantify, and increase the per-
formance levels of production organi-
zations, as well as generate a common
understanding of manufacturing prin-
ciples and methods. A business-specific
handbook is available, while training of
employees is continuous, ensuring the
competitiveness of each of the manufac-
turing and service locations by increasing
their productivity and performance.

CANADA
Peterborough provides
services for the supply of new generator

manufacturing

stator windings, either bar or coil wind-
and their
elements are defined as core compo-
nents within ANDRITZ and account for
about 70,000 working hours per year.
The production

ings, connections. These

line comprises up to
15 workstations, including electrical testing
to gudrantee high quality products.

Paris provides manufacturing services for
the supply of different types of gates as
well as intake trash racks and associated
embedded components and hoists. It's a
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complete solution provider, including mainly
welding, with some machining capacity
to ensure exacting tolerances for critical
component dimensions. Additionally, blast-
ing, painting and equipment assembly
are key functions at this site. The location
provides services mainly for Ontario Power
Generation, one of the Idr.st electric-
ity generators in North America.

Chambly provides ma
turing services for the s
of new electrical cabi
for various automation a
electricc

governors,  protectic
and control panels,
and junction boxes. It
is primarily an assem-
bly and testing shop
' using components
“and “parts  supplied

by thirdyparties, This
proce equites
substantigllym

be apparent at first sight because ®ach
cabinet is custom designed and produced.

UNITED STATES

Spokane provles manufacturing services

related to the refurbishment and modern-
ization of turbine and generator

components. It is

HYDRONEWS
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"At seven manufacturing

locations across the Americas,
ANDRITZ Hydropower teams
collectively perform about 500,000
direct labor hours annually.”

THE AMERICAS / 2024

shop with some welding capacity for the
repair of these components when required.
It also performs disassembly and reassem-
bly of turbine and generator systems. Its
goal is to refurbish these components as
quickly as possible without compromising
on safety and quality.

Recently, the Spokane manufacturing
facility was involved in the success of major
projects in the US such as those at Hoover
Dam, Fort Loudoun, and Taum Sauk.

MEXICO

Our Mexican hydro workshop is located in
Morelia. A key highlight of this location is its
more than 40 years in the market and con-
stant evolution of the product portfolio over
that period. At this location mechanical
components of up to almost 100 tonnes
can be produced. Currently the workshop
is operating at its maximum capacity of
250,000 labor hours annually, especially
because of a series of hydropower plant
rehabilitation projects for the customer
CFE (Federal Electricity Commission). In
close cooperation with other ANDRITZ units
the location is acting as an inter-company
manufacturing partner for turbine runners,
as well as other heavy-duty components.

BRAZIL

The Araraquara site was acquired in 2018
and has been continuously developed
since then. This location acts mainly in
brownfield projects and focuses on core
component production (turbine runners,
generator poles and windings — press
cured technology) as well as heavy-duty
steel components and synchronous con-
densers. Since the acquisition, this work-
shop location has ramped up from 60,000
to 180,000 labor hours of operations
annually. Based on the available space,
the location could be further utilized. In
addition, part of the ANDRITZ Hydropower
Brazil workshop is currently rented out to
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a third party — so there is still space for
further growth if required in the future.

The electrical workshop is dedicated to
the manufacturing of active generator
components. They run a production line
for stator windings of up to 21 kV, starting
with the production of green bars and
the application of MicaTec R insulation by
automated machines. In addition, a pole
production line is in operation. To ensure
that quality requirements are invariably
met, a full quality control laboratory is
deployed on site, ranging from controlling
resins and other inputs to short and long-
term electrical testing.

Specialized in the manufacturing and
refurbishment of hydraulic turbines, the
Araraquara mechanical workshop is dedi-
cated to the manufacturing of large and
heavy components and contains areas for
steel fabrication, assembly/disassembly,
blasting, painting, and heavy machining,
as well as ovens for heat treatment, and
compatible cranes. In addition, there is
a complete quality control laboratory,
including linear measurement platform,
an interferometric laser, and other testing
and analysis equipment.

CHILE

The Metaliza company located in Colina
was acquired by ANDRITZ in 2016 and is the
base for our hydro workshop in Chile. With
around 25,000 working hours per year,
Colina acts as a service location, which
delivers component repair, ranging from
welding and machining through to HVOF
coating. In synergy with our global loca-
tions, ANDRITZ Chile continuously invests
in the training and development of its
personnel. Highlights include internships
at workshops in Ravensburg, Germany,
training and certification of welders in
Mexico, and ongoing training in non-
destructive testing techniques.

AUTHOR

Verena Maier
Gerald Kraxner
hydronews@andritz.com
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Araraquara, Brazil = Synchronous condenser stator for Tucuma project

Morelia, Mexico - Francis runner for Infiernillo hydropower plant

Peterborough, Canada - Coil spreading process for Carillon
hydropower project
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Region overview and figures

Hydropower plays a central role in the Latin
American energy landscape, accounting for
almost half of the region's electricity genera-
tion and even more in some countries. With
leading countries such as Brazil, Colombia, and
Peru, hydropower has seen a significant boost
in development in the region. Renewable energy
has become a cornerstone of the region's energy
strategy and has seen a significant increase in
capacity in recent years.

Climate change projections indicate an increase in
extreme weather phenomena, bringing with them
increased risks of flooding, drought, and heavy
rainfall, and ultimately jeopardizing hydropower
generation. In addition, the ageing infrastructure of
hydropower plants with a typical lifespan of 30 -80
years is a cause for concern, especially as more
than 50% of installed capacity in Latin America
exceeds the 30-year mark.

The commitment to renewable energies in Latin
America went hand in hand with the implementa-
tion of supporting measures. Countries with support

THE AMERICAS / 2024

policies are 30% more likely to
invest in renewable energy.
The region has gradually
adopted a more or less
uniform legal framework
that takes
of its geographical and

advantage

topographical  diversity 9'\
to tailor support strate-
gies to the energy needs ',..
of each country. This cohe- '\\ .

sion in legislation, driven 'b._.&
by common energy needs, SR>
has facilitated the introduction of

auction systems and tax incentives as organic
methods of diversifying renewable energy sources.

While hydropower remains a cornerstone of the
Latin American energy matrix, the region’s proactive
approach to renewable energy and the implemen-
tation of supportive policies demonstrates a collec-
tive resilience in the face of climate challenges and
aging infrastructure that ensures a sustainable and
diversified energy future.
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COUNTRIES:14
ARGENTINA,BOLIVIA, BRAZIL,
CHILE, COLOMBIA, ECUADOR,
GUYANA, PARAGUAY, PERU,
SURINAME, URUGUAY, VENE-
ZUELA, AND THE TERRITORIES
OF FALKLAND ISLANDS AND
FRENCH GUYANA

POPULATION:
437,23 MILLION

HYDROPOWER
INSTALLED CAPACITY:

180 GW

GENERATION BY
HYDROPOWER:

712 TWh

All figures concern 2022;

Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023

HYDRONEWS

OUR LOCATIONS IN
SOUTH AMERICA:

ARGENTINA
ANDRITZ HYDRO LTDA.
1 Sucursal Argentina, Partido de Moron

BRAZIL
ANDRITZ HYDRO LTDA.

2 Araraquara
3 Barueri
4 Governador Valadares

CHILE

ANDRITZ CHILE LTDA., DEPT. ANDRITZ Hydropower
5 Colina

6 Santiago de Chile

COLOMBIA
ANDRITZ HYDRO LTDA.
7 Bogota

8 Madrid Cundinamarca

PERU
ANDRITZ HYDRO S.A.
9 Lima

VENEZUELA
ANDRITZ HYDRO C.A.
10 Caracas

CAPACITY ADDED:

1,525 MW

TOTAL PUMPED STORAGE
INSTALLED CAPACITY:

994 MW
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Ecuador - Although Ecuador is crossed by In more recent years, ANDRITZ completed
the equator and its name alludes to this  the Sigchos project of 18 MW (with three
fact, it is far more than this navigational  Pelton units), the 50MW Due | project
concept would suggest. (with two Francis units) and Due Il with a

third unit of 1I5MW. In addition, ANDRITZ

Renowned for its biodiversity — inspiring installed electromechanical equipment in

the young Charles Darwin to develop his  the emblematic 1,500 MW Coca Codo Sin-

theory of evolution — Ecuador's natural  clair plant (eight Pelton units). In 2022, this

resources are also a  plant managed to generate 6,828 GWh,

wonder to behold.  representing around 25% of the total elec-

Derived from the dif- trictiy produced in the country. Further-

74 O Share of electricity ferent climatic levels  more, being located on the Pacific slope
/ generation from hydropower present from the sea of Ecuador, it became a very important

. é O in total production to the 6,262m eleva-  energy contributor during the last months
tion of El Chimborazo,  of 2023 as it helped to overcome the low

Ecuador’s landscape  runoff on the Amazon slope as a result of

x defines the conditions for the develop-  the 'El Nino' phenomenon that is currently

O ment of responsible hydroelectric proj-  affecting the countries of the region.

9( ects. Today these hydropower projects

8 are complementing the non-conventional Ecuador currently has 5191MW of hydro-

L renewable energies which are in full imple- electric capacity in operation from 71 plants
mentation in Ecuador. and has plans to increase the supply of elec-

- tricity, given that it requires about 400 MW

@ According to the historical account of the  of new generation each year to safely meet

2 Electric Company of Quito, it was 1895 when  the growth in demand. Ecuador is pro-

g electriclight firstarrived andjustafewyears ~ moting the participation of private com-

> later, in 1899, when the first hydroelectric  panies and is also seeking to incorporate

E plant began operations in the city of Loja  new renewable energy sources. ANDRITZ is

4 with 212kW machines. Not long after that, participating in several of these initiatives,

3 in 1923, ANDRITZ arrived in Ecuador with a  additionally offering services and technicall

O 250kW power plant for the city of Riobamba. support, proposing - in a proactive manner
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— initiatives for the modernization of some
power plants that will require important
interventions in the coming years.

According to Generation Expansion,
Chapter 4 of the Electricity Master Plan,
Ecuador has a technically feasible hydro-
electric potential of 31,000 MW distributed
across 11 basins. Ecuador’s CELEC EP Elec-
trical Corporation has produced definitive
studies and structuring for large-scale
hydropower projects such as Abitagua
(165 MW), Cardenillo (600 MW), Santiago
Zamora (2,400 MW). In addition, CELEC
have started contracting conceptual
engineering studies for the implementa-
tion of pumped storage solutions with
reference to some of the reservoirs that
already exist in the country.

ANDRITZ trusts in the establishment of
adequate mechanisms by the Ecuadorian
authorities to allow the future develop-
ment and financing of new power gen-
eration projects. Those projects that are
responsible, sustainable, and in harmony
with development objectives of the
millennium and the conservation of the
environment will ensure that ANDRITZ will
continue to contribute its experience in
their development and execution.

HYDRONEWS

ECUADOR

Total population: 18 million

GDP per capita: 6,389 USD

Total installed hydro capacity: 5,191MW

Hydropower capacity added: 84 MW

Hydro capacity under construction: 303 MW

Share of generation from hydropower: 74.6%

Hydro generation per year: 24,635 GWh

Technically feasible hydro generation potential: 189,300 GWh

Allfigures concern 2022;
Sources: TheWorldBank, IMF, IHA, Hydropo EigSBlelsa SV e]ile Wil IO PX]

Unit hall, Sigchos hydropower plant

AUTHORS

Carlos Sgro
hydronews@andritz.com
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Brazil — Famous for football, Brazil is
also recognized as a hub of innovation.
ANDRITZ is one of the companies contrib-
uting to this success.

Despite the introduction of other gen-
eration sources such as wind and solar,
hydroelectric generation still forms the
basis of Brazil's electric matrix. ANDRITZ
Hydropower is delivering new solutions,
enabling the successful integration of
these intermittent sources.

The energy transition underway in Brazil
means changes to the generation profile
and the integration of intermittent
renewable energy sources. It brings new
demands, as well as new business oppor-
tunities. President Dieter Hopf explains,
"Hydroelectric plants provide predict-
able energy to meet demand, due to the
water stored in the reservoirs, which brings
a great benefit to the stability of the sys-
tem, unlike the intermittent sources that
provide energy spontaneously according
to the weather conditions. Up to a certain
point, hydroelectric plants managed to
compensate for this intermittent genera-
tion from wind and solar, but it seems that
the system needs new solutions to main-
tain stability.”

When Brazil's large hydro plants were con-
structed, they were not built to compensate
for intermittent sources. Due to the stresses

BRAZIL

Total population: 215.31 million
GDP per capita: 9455 USD

HYDRONEWS

associated with these new modes of oper-
ation, the lifespan of these plants is being
curtailed. As a result, a wave of refurbish-
ment projects has been generated in which
ANDRITZ participates very successfully. For
example, the Sobradinho and Jaguara
hydroelectric power plants, in Bahia and the
interior of S&o Paulo, respectively.

Having developed a new generation of
machines and solutions that can rapidly
respond to these load variations, ANDRITZ
is currently the market leader. Using these
new generations of machines, hydroelec-
tric plants can operate across the entire
range of heads for energy production,
thus making operation more flexible.

Another core product from ANDRITZ is
reversible pump turbine technology, a
model that is mainly used in Europe, North
America, China and Japan and which
functions as a ‘'mega-battery’. This tech-
nology has not yet arrived in Brazil. How-
ever, according to Dieter Hopf, pumped
storage hydropower plants will be needed
in the country soon.

The Synchronous Condenser is another
solution offered by ANDRITZ that is in
high demand. It is extremely valuable in
stabilization of the transmission system.
Currently, the company has six units in pro-
duction at the Araraquara factory, which
serves a large part of the global market.

Total installed hydro capacity: 109,778 MW

Installed pumped hydro: 20 MW

Hydropower capacity added: 332 MW

Hydro capacity under construction: 463 MW

Share of generation from hydropower: 63.1%

Hydro generation per year: 427114 GWh

Technically feasible hydro generation potential: 1,250,000 GWh

All figures concern 2022;

Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023
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“It is important that regulatory bodies
reassess the tariffs of hydroelectric plants
considering these ancillary services,
compensating for intermittency in addi-
tion to promoting power auctions, and
encouraging additional functionality of
facilities with reservoirs and/or reversible
plants in order to maintain a secure and

fault-free electrical system,” Hopf says.

ANDRITZ is also a pioneer

in the green hydrogen

05.17%

Share of electricity
generation from hydropower

in total production

sector, with three con-
tracts already underway
in Europe. To showcase
this technology, the com-
pany recently opened its
headquarters in Austria to
a delegation of Brazilian businessmen,
members of the Ministry of Mines and
Energy, and the national energy regula-
tory authority ANEEL, where, in addition
to getting acquainted with technologies
for the production of green H,, they could
also see reversible plant solutions and
multi-purpose power stations.

"ANDRITZ, as a technology company,
is extremely well-prepared to play a
prominent role in the energy transition

and has been working intensely with
various stakeholders in the electric power
generation and transmission market to
promote increasingly innovative solu-
tions,” Hopf concludes.

ANDRITZ CONSOLIDATES ITS
PRESENCE IN LATIN AMERICA
ANDRITZ Hydropower Brazil set out a
strategic goal to remain integrated within
the energy markets of Latin American
countries and, in 2023, the company con-
solidated itself as a leader in solutions
and new technologies in the hydroelec-
tric sector. This is evident through a new
contract signed for the modernization
of the Baygorria hydropower plant in
Uruguay. ANDRITZ is also actively involved
in projects such as the Salto Grande
hydropower plant and the Yacyretd
hydropower plant, both located between
Argentina and Paraguay.

The scope of the Baygorria project
involves increasing generation output
by supplying new Kaplan runners and
generators. In November 2023, the model
test of the turbines was conducted in
the ANDRITZ laboratories in Linz, Austria,

which confirmed technical guarantees
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for the client. Once the scale model tests
are approved, the project is released
for execution.

These tests simulate the operation of the
rotor at various blade opening angles
and heads, validating the efficiency
of the new rotor. They also guarantee
minimize
cavitation, and established
hydrulic standards are met for maximum

minimum  operation  levels,

ensure
system efficiency.

Future projects, such as those in Salto
Grande and Yacyretd in Latin America,
are pivotal in the region's energy out-
look, and the active presence of ANDRITZ
is crucial in supporting customers with
information about the modernization of
hydroelectric plants.

Regarding Salto Grande, in April 2023, the
client defined the modernization phases
of the plant, prioritizing automation as
the next step. ANDRITZ is involved in
this process.

Meanwhile, at the Yacyretd project,
ANDRITZ is in the final phase of delivering
excitation systems, as well as exploring

Belo Monte hydropower complex; with two
powerhouses and a total installed capacity of

11,233 MW providing enough clean and renewable

energy for about 60 million people.

prospects for new contracts related to the

continuous modernization of the plant.

ANDRITZ' scope of works in these proj-
ects encompasses a diverse range of
elements, focusing on automation, gen-
erators, and turbines. However, the com-
pany is open to expanding its activities
according to viability and specific cus-
tomer demands.

In addition to its direct involvement in
these projects, ANDRITZ Hydropower Bra-
zil has established itself as an essential
partner in the group. This unit is actively
supporting projects not only in Brazil but
also playing a significant role in other
ventures in Latin America, with activi-
ties in Chile, Colombia, El Salvador, Peru,
and Mexico.

"These binational projects represent not
only significant milestones for ANDRITZ but
also underscore the company's continued
commitment to leading the way towards
excellence and innovation in the Latin
American energy market, reinforcing its
position as a key figure in the transforma-
tion and modernization of hydroelectric
plants in the region,” stressed Dieter Hopf.

—
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Installation team of the rehabilitation of the

generator of Unit 1 at Jaguara hydropower plant

Generator of Unit 1in the pit of Jaguara
hydropower plant on the Rio Grande
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Successfull model test of the Kaplan turbine for the Baygorria
hydropower plant, Uruguay

RENEWABLE ENERGY
PROGRESS TRACKER

KEY ELECTRICITY INDICATORS

88% 196%

Share of renewable energy: Share of renewable energy
in power generation, 2022 in power generation, 2028

17%  +38%

Share of VRE genefation, Share of VRE generation,
2022 2028

Source: [EA

work of Kaplan turbine (above) at
Sobradinho hydropower plant on the
Sdo Francisco River, Brazil

EXPLORING NEW OPPORTUNITIES
IN ARGENTINA - ANDRITZ AND
THE POST-CONCESSION SCENARIO
In the dynamic transformation of Latin
America’s  energy sector, Argentina
emerges as a focal point, offering fer-
tile ground for innovation and market
advances. ANDRITZ has thus directed its
attention to new opportunities and stra-
tegic partnerships in this country. After
identifying industry needs, ANDRITZ pro-
moted its supply potential to enable
future projects.

In the context of awarding conces-
sions, Argentina has adopted a stringent
approach, implementing a ‘Due Diligence’
process to assess the current state and
magnitude of necessary investments. Cur-
rently, these concessions are under review
by the Federal Government. It is important
to note that the dynamics and strate-
gies adopted in managing concessions in
Argentina are distinct and decentralized.

"ANDRITZ, with its experience and
innovative capabilities, is ready to
navigate the new energy landscape
of Argentina, contributing to progress
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and sustainable development and
strengthening its position in the region,”

noted Hopf.

Regarding energy generation, both Brazil
and Argentina have similar systems, blend-
ing private and public generation. Both
have a centralized control agency regulat-
ing price policies through the market. These
similarities establish a strong foundation for
ANDRITZ' activities in both countries.

INTERNATIONAL FORUM IN

URUGUAY FOR THE ENERGY

SECTOR IN LATIN AMERICA

In September 2023, Uruguay hosted a
significant gathering: the International
Forum on Challenges and Strategies in
the Renewal of Hydroelectric Plants. This
event not only provided a crucial space
for discussions about the future of energy
in the region but also served as a strategic
meeting point for leaders and profession-
als in the sector. After identifying indus-
try needs, ANDRITZ promoted its supply
potential to enable future projects.

The ANDRITZ presence at the forum
not only consolidated its position as a

HYDRONEWS

segment leader but also strengthened
the company's connections with various
energy market sectors across Latin
America. Alongside renowned competi-
tors, important suppliers, and major clients
like EBY (Entidad Binacional de Yacyretd),
CTM Salto Grande, and EBI (Empresa
Binacional de Itaipu), ANDRITZ highlighted
its presence and competitiveness and
demonstrated its complete readiness to
offer excellent services and products with
full regional support while presenting the
second stage of the Salto Grande Reha-

bilitation project.

The forum comprehensively covered
diverse topics.
plants
project
focused on plant modernization, the

From digitalization of
and diagnostics, through to
management methodologies
event served as a melting pot of ideas
and innovation for the energy sector.
International consultants shared valuable
perspectives, contributing to advances
and enhancement of the sector's and
emphasizing the importance of collab-
orative work and innovative solutions in
the context of hydroelectric energy in
Latin America.

Yacyretd hydropower plant on the
Parand River, Brazil

AUTHOR
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hydronews@andritz.com
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HYDROPOWER

Colombia = Colombia was a very active
participant during 2022's COP26 in
Glasgow and committed to very ambi-
tious and specific targets. By 2030, it must
reduce its atmospheric greenhouse gas
(GHG) emissions by 51%.

Renewable energy represented more
than 75% of electricity generation and
more than 25% of total energy consumed
in 2021 and 2022. According to the 2023
Energy Policy Review, these impressive fig-
ures are supported especially by the role
of hydroelectricity.

To that end, Colombia is expanding its
hydroelectric capacity with the third
and fourth units of Hidroltuango adding
600 MW to the installed capacity. Upon
completion of Hidroltuango with eight
units in operation, Colombia's hydroelec-
tric capacity will be increased by 2.4 GW

(8 x 300 MW). However, Colombia’s hydro-
electricity has a low storage capacity
and extreme weather events (droughts
or rains) put the availability of hydro-
electricity to the test.

While Colombia has substantial

wind and solar resources a

barrier for development is the

lack of transmission capacity.

This situation, together with

the age of some generation

assets, has led certain energy
producers to make the decision

to modernize or repower some

of their hydroelectric plants.

Framed within these initiatives, YT
ANDRITZ has been developing :::::::”:::
support for these producers r:::::::::::
and has multiple reference ]
examples executed in Colombia

in recent years.

AND NATIONAL
COMMITMENTS

LEFRSNN T it
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COLOMBIA

Total population: 51.87 million

GDP per capita: 6,658 USD

Total installed hydro capacity: 12,563 MW

Hydropower capacity added: 618 MW

Hydro capacity under construction: 1,200 MW

Share of generation from hydropower: 73.4%

Hydro generation per year: ~ 65,700 GWh

Technically feasible hydro generation potential: 200,000 GWh

CHIVOR HYDROELECTRIC

PLANT LIFE EXTENSION

In this project, the client built a new intake
structure with ANDRITZ participating in
the design, manufacturing, factory test-
ing, assembly, and on-site testing of the
equipment for the new valve chamber. This
contract included four new DN 4,000 but-
terfly valves together with their respective
drive, control units, and crane bridge.

TECHNOLOGICAL UPDATE

OF VOLTAGE REGULATORS

Through this initiative, equipment that has
been in operation for nearly 15 years
is uprated and modernized quickly.
Such projects have a total execu-
tion timeframe that does not usually
exceed 12 months. In recent years,
ANDRITZ has carried out this type
of modernization for at least 16 sys-
tems at several plants in Colombia.

All figures concern 2022;

Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023

ANDRITZ is currently executing the mod-
ernization of seven further systems, the
completion of which is scheduled for the
first half of 2024.

MODERNIZATION

OF SPEED GOVERNORS

In these projects, modernization of the
electronic governor control panels is
planned sequentially, validating simulta-
neously the mathematical models of the
governors, thus improving the operational
indicators. In the Colombian market, this
modernizing approach which involves
quick intervention times for improving
plant availability has been gaining
popularity. Five unit interventions were
successfully completed in 2023; contracts
for the modernization of 10 additional
units have already been signed in 2024;
and at least 15 units are expected to be
modernized in 2025 and 2026.
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On-site team at the supply of the new Pelton runner at the Guatepé hydropower plant

Guatepé hydropower plant,
spherical valve DN 1.100 originally
manufactured in 1965 and
rehabilitated by ANDRITZ Colombia

MAJOR MAINTENANCE THROUGH
OVERHAUL OF VALVES

Through works that involve spherical
valves, butterfly valves, and pressure relief
valves we have achieved the recovery of
these safety devices. These works made it
possible to return this equipment to initial
operating conditions and reliability, thus
re-establishing the high levels of safety
required. At ANDRITZ, we estimate that the
local rehabilitation of these devices will
continue to be a requirement for the hydro-
electric plants in operation in Colombia.

Work on this equipment requires very
high levels of precision, demanding
dimensional and geometric control, use
of specialized equipment, and highly
qualified and experienced personnel.

O Share of electricity
/ generation from hydropower
. O in total production
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GUATAPE AND GUAVIO,

REPAIR OF ADMISSION VALVES.
The admission valves of these hydropower
plants (nominal diameter 1,000 mm, 90 bar
and nominal diameter 1,400 mm, 126.7 bar)
are nearly 40-50 years old respectively.
Comprehensive repair works has been
carried out, successfully extending their
operational life.

GUADALUPE,

PRESSURE RELIEF VALVE REPAIR.
Pressure relief valves suffer significant
wear due to being exposed to very high
operating pressures. The pressure relief
valves at this plant also underwent com-
prehensive repair.

MODERNIZATION OR
REPOWERING OF HYDRO-
ELECTRIC POWER PLANTS
Knowing the challenges that the con-
struction of new hydroelectric plants
entails today, it is important to identify
existing facilities that have the poten-
tial for improvements in performance.
Improvements could increase power out-
put, efficiency, and availability through
the incorporation of new materials, coat-
ings, new hydraulic profiles, and online
monitoring systems. In addition, opera-
tional assistance through platforms based
on 'Machine Learning’ and ‘Condition
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Based Maintenance’ offer substantial
gains and this segment has the greatest
potential in Colombia. Currently, ANDRITZ
is executing a project in Colombia where
the increase in power output from each
rehabilitated unit will be around 10% of the
original nominal power.

Colombia has a unique potential to
expand hydropower generation thanks
to its extensive river water resources.
The country has a hydropower poten-
tial of more than 50GW of which
nearly TGW (22%) are being used. Cur-
rently, the Mining and Energy Planning
Unit (UPME) has recorded more than
46 hydroelectric developments equivalent
to 1,870 MW of capacity that are in the
initial stages.

Existing hydroelectric capacity is at the
heart of the energy transition in Colom-
bia. Hydropower not only contributes
with its generation of clean and sustain-
able electricity but also provides new
services related to the stability of the
grid. Modernization is therefore a key task
and at ANDRITZ we are ready to continue
supporting these initiatives.

AUTHORS

Edwin Sierra
hydronews@andritz.com
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Unit hall\San Carlos
hydropower station
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CHILE

COUNTRY REPORT

O Share of electricity 4
/ generation from hydropower /
. O in total production f

Chile — More than 130 years have already

passed since the arrival of electric power in
Chile and in 1908 ANDRITZ successfully com-
missioned its first plant in the country. Since
then, ANDRITZ has delivered more than 140
generating units in Chile with a combined
capacity of more than 2,400 MW.

In recent decades ANDRITZ has also mod-
ernized more than 50 units with a total
output of more than 1,450 MW. Among
these references are large hydropower
plants that continue to play an essential
role in Chile's electricity system. These
plants include Pangue (568 MW), EI Toro
(484 MW), Alfalfal | (188 MW), Higuera
(182MW), Rucue (180MW), and Cha-
cayes (130 MW). ANDRITZ has also suc-
cessfully participated in numerous small
hydroelectric power plant development
projects, as well as in hybrid irrigation
and generation projects like Embalse
Ancoa, Embalse Convento Viejo, and
Embalse Digua where the water sup-
ply for farm irrigation is combined with
power generation for the grid. ANDRITZ
has also participated in the construction
of substations for the national grid and

in tenders for equipment to support grid
stability and strengthening.

Despite the lack of new hydroelectric
investment projects in Chile in recent
years, ANDRITZ has had many successes
in the modernization of existing plants.
These include projects such as the

hydropower stations Antuco, Pangue
and Pehuenche, Blanco, and Queltehues,
new butterfly valves for Ralco, spherical
valves to protect the penstocks of the
Alto Maipo complex, and the centralized
remote monitoring and control systems
for all the plants in the Aconcagua Val-
ley for one of our customers. These suc-
cesses came alongside service activities
to support customers in scheduled and
emergency maintenance of their plants,
component recovery and restoration in
our Colina workshop. In addition, predic-
tive monitoring services were delivered
from our Operations and Maintenance

division to support customer operations.

PROJECT REFERENCES:
Pehuenche: Maule Region; 568 MW, con-
tract won in 2023 for the rehabilitation

THE AMERICAS / 2024

of one vertical Francis turbine with
major new components.

August 2025.

Completion:

Pangue: Biobio Region; 466 MW; con-
tract won in 2023 for the rehabilita-
tion of one vertical Francis turbine with
major new components. Completion:
April 2026.

Hornitos: Los Andes, Valparaiso Region;
61MW; contract won in 2023 for one new
Automatic Voltage Regulator (AVR) using
ANDRITZ HIPASE-E.
quarter of 2024.

Completion:  first

Ralco: Municipality of Los Angeles, BioBio
Region; 689 MW; contract won in 2022
for the supply of one butterfly valve.
Completion: second quarter of 2024.

Substation Guindo: Biobio region; 220 kV;
contract won in 2019; ANDRITZ signed a
contract for the supply of the electro-
mechanical equipment for the Guindo
Substation, which will connect the 220 kV
system to the 66 kV system to strengthen
the electrical system in Chile.
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Francis turbine,
Central Ancoa

| hydropower project
L0 !

« RENEWABLE ENERGY
PROGRESS TRACKER

KEY ELECTRICITY INDICATORS

53% 193%

Share of renewable energy Share of renewable energy
in power generation, 2022 in power generation, 2028

Alto Maipo: Colorado and Rio Maipo; °/ G 90/
S3IMW; contract won in 2020 for the (o] = (o )

supply two new spherical valves (DN3400
PN22 and DN2200 PN73).

Share of VRE in power Share of VRE'in power
generation, 2022 generation, 2028

Embalse Digua: Longavi, Perquilauguén;
20 MW; contract won in 2018 for the supply )
of two new 10 MW Compact Francis tur- Source: [EA
bines, Howell Bunger valves for irrigation;
generators, mechanical auxiliaries, elec-

trical power systems, transformers, as well ( :H I LE

as a substation and plant automation.
Total population: 192.60 million

SCADA Aconcagua: Aconcagua valley; GDP per capita: 15,166 USD

> 200 MW; contracts won in 2016, 2019,
and 2020 for the supply of the SCADA
control system for the control and super-
vision of the Aconcagua valley cas- Hydropower capacity added: 477 MW

cade power plants (Homitos, Juncdlito, [, | Hydro capacity under construction: ~ 202 MW
Los Quilos, Aconcagua, Chacabuquito).

Total installed hydro capacity: 7,289 MW

CHILE

g Share of generation from hydropower: 21.8%
All the power plants can now be controlled Pk

from the Los Quilos Telecontrol system A\Hydro generation per year: 19.620 GWh

developed with our 250 SCALA platform. Technically feasible hydro generation potential:
162,232 GWh

AUTHOR
All figures concern 2022;

Diego Pigozzo

hydronews@andritz.com Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023
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Peru during 191
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Since then, Al \DRITZ4iGs delivered or reha-
"y bilitated imore
0 Peru with

i

an 190 generating units
otal combined capacity of
,800 MW. Among these plants
are large references which are still essential

more

for Peruvian electricity generation, includ-
ing Cerro del Aguila (540 MW), Carion del

More recentlyiSANDRITZghas successfully
portici_gé;eel—_"____ ume
3 powf_e'rf'ﬁ-;"‘rg'rétgts including=y Y Andel 1,
_2r,,<§nd 3, Carhuac, 8 de,_—Agosto d‘r?d@qcuy
“To consolidate its leading position'ir?_-\:t\he
country, about 20" years ago, ANDRITZ
decided to establish a'local'entity in Lima.
Our specialized team supports customers
in Peru, as well as other ANDRITZ divisions.

PERU

Peru's installed generation -capacity is
almost equally divided between thermal
and hydroelectric power sources. Beyond

COUNTRY REPORT

Pato (240 MW), Chimay (144 MW), Santa. .,
Teresa (I8 MW)—and—Yuncan (134 MW). '
f del Pato, Platanal, Callohuanca, Huanza,

energy matrix towards a green

With several of Peru's main hydropow

successful modernization and rehabilita-
tion projects in recent years. A key foc
here has been on extending their oper
tional life and utility with renewed equip—'*l
ment reaching higher efficiencies. Among
these are the hydropower stations Carion

and the Rio Mantaro complex. In parallel,
long-term integrated operation and main-
tenance contracts have been developed,
for example for the Cerro del Aguila and
Santa Teresa hydropower plants, or predic-
tive monitoring systems for the ‘equipment
fleet of one of our customers. In addition,
these businesses are supported by our
customer support and service for sched-
uled and emergency maintenance of their
equipment, spare parts, and recovery of
damaged components.
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Unit hall, Cerro del Aguila
hydropower plant

PERU

Total population: 34.05 mio

GDP per capita: 7158 USD

Total installed hydro capacity: 5,515 MW
Hydro capacity under construction: 230 MW
‘ Share of generation from hydropower: 50.7%
Hydro generation per year: 28,486 GWh
Technically feasible hydro generation potential: 360,000 GWh
W I H All figures concern 2022;
Sources: TheWorldBank, IMF, IHA, Hydropower & Dams World Atlas 2023

O Share of electricity
/ generation from hydropower
O in total production

PROJECT REFERENCES

Recent project references include a con-
tract for special erosion-friendly injectors
for the Pelton units of the 260 MW Canon
del Pato hydropower plant, the supply
of new runners for the 227 MW Platanal
power plant, two new spherical valves for
the Huanza hydropower station and the
rehabilitation of the Callahuanca hydro-
power plant after it suffered flood dam-
age, including a new generator.

For the 592MW Cerro del Aguila hydro-
power station on the Rio Mantaro, ANDRITZ

signed a 10-year contract for integrated
maintenance including repowering of
units, erosion prediction, innovative Metris
DiOMera digital predictive services, and
global control center remote monitoring
and assistance. Especially noteworthy
is the innovative business model based

PERU

on an ‘efficiency guarantee'. In this case
ANDRITZ guarantees a maximum effi-
ciency reduction between the first and
the second major overhaul due to erosion.
Contract remuneration is aligned with
the generation from the power plant with
the price based on unit generating hours
over the year.

AUTHOR

Diego Pigozzo ,
hydronews@andritz.com Installation of guide vane apparatus at Cerro del Aguila hydropower plant

COUNTRY REPORT
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RENEWABLE

AND Ol

O Share of electricity
/ generation from hydropower Venezuela - In1498, Christopher Columbus
O in total production

reached the coast of a land that

enchanted the navigator because of the
deep and green nature of its jungle and
“an imposing river that fought against the
sed”. In a letter to the Monarchs Colum-
bus referred to this place as “The Land
of Grace"." This land of grace was the
coast of what today is Venezuela, and the
imposing river is the Orinoco.

Abundant in fossil fuels such as coal, oil, and
gas, now Venezuela is looking at meeting
the demands of the energy transition with
its own resources too. Blessed with water,
Venezuela has the second largest installed

hydroelectric capacity in South America.?
Simén Bolivar ‘Guri’ hydroelectric power plant It is easy to conclude that the country has
exceptional conditions to face this new

energy era and ANDRITZ is a key partner
organization in helping Venezuela
meet its clean energy goals.
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Installation of one of the world's largest Francis runners
(770 MW) in Simén Bolivar ‘Guri' hydroelectric power plant in 2012.

(1) Letter from Columbus written from the island of Hispaniola about the third voyage to the
Americas in1498. (‘Cristobal Colén y Lope de Aguirre: La otra Historia' por Rita Jaimez)

(2) 2023 World Hydropower Outlook, IHA 2022, Venezuela 16,827 MW (second after Brazil)

(3) EUROBRAS Consortium is made up of 50% ANDRITZ Hydro Germany and 50% Voith Brazil
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ENERGY IN A

JOSE A. RODRIGUEZ 'PENA
LARGA’' HYDROELECTRIC
POWER PLANT REHABILITATION
In 2006, ANDRITZ received a contract for
the modernization of this plant located
near the city of Barinas. The update
included two vertical Francis turbine gen-
eration units (2 x 40MW), with the total
scope including the design, manufactur-
ing, and assembly of new runners for the
two turbines, new speed governors, excita-
tion, protection, and control systems. This is
in addition to a proprietary monitoring and
diagnosis system.

SIMON BOLIVAR ‘GURI’
HYDROELECTRIC POWER PLANT
REHABILITATION

Barinas was the prelude to modernization
contracts for other vertical Francis machines.

N

However, the extraordinary dimensions of
these machines required the implementa-
tion of new designs to solve a cavitation
problem. The cavitation phenomenon
affected the units in their normal range of
operations and increasing power and effi-
ciency represented a significant engineer-
ing challenge for the ANDRITZ Germany-led
EUROBRAS Guri Consortium.® The EURO-
BRAS Consortium was commissioned to
modernize the five units in powerhouse No. 2
of the Simdn Bolivar hydropower plant.

After the
Francis turbines have a nominal power
of 710MW (previously 635MW) and a
maximum power of 770 MW (previously

rehabilitation program, the

710 MW). The cavitation problems were
solved, power increased, and all efficiency
requirements were reached.

e

HYDRONEWS

AT

PROSPECTS FOR HYDRO-
ELECTRICITY IN VENEZUELA
Considering the national power capacity
of 16,829MW and the dominance of
hydroelectricity, ANDRITZ recognizes an
important future potential associated
with modernization of the hydropower
fleet. Major equipment such as valves,
turbines, and generators, together with
technological updates that requires the
digitalization of the electronic systems,
represent a substantial opportunity. At
ANDRITZ, we are ready to meet all future
requirements of local authorities in rela-
tion to the modernization of Venezuela's
hydroelectric fleet.

AUTHOR

Carlos Sgro
hydronews@andritz.com

VENEZUELA
Total population: 28.3_p‘klf)illion
GDP per capita: 3,421_-':U§|D

Total installed hydro q§pocity: 16,829 MW
Share of generation frjclm hydropower: ~62%
Hydro generation per year: 80,000 GWh

Technically feasible pyéljropower potential: 62,400 MW

(IF
_

- I
JAll figlrés congern 2022;

Sources: TheV‘l/orI_dBd:nk, IMF, IHA, Hydropower & Dams World A
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| .. Renewables and
power system stability
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supplied numerous synchronous and transmission system. hydronews@andritz.com
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ANDRITZ INNOVATION: 4

Al THE HEAR
OF SUSTAINABLE"
HYDROPOWER

Hydropower may well be the longest-lived energy asset
class but that doesn't mean it is a static industry. In fact,
innovation flows through the whole sector as it responds

)

- E

=5

-l
5

to changing needs and demands.

ANDRITZ, a leader in sustainable hydro-
power for over 180 years, stands as a
testament to the ongoing commitment to
innovation and environmental protection
within the hydropower industry. Through-
out its long history, ANDRITZ has always
prioritized innovation and the funda-
mental research that drives it, positioning
itself at the forefront of the industry's
transformation.

REDUCING

ENVIRONMENTAL IMPACT

A major focus of ANDRITZ innovation
efforts is to reduce the environmental
impact of hydraulic machines, particularly
on fish migration. Various mechanisms,
both direct and indirect, can harm aquatic
life passing through turbines. Direct
impacts may include extreme changes
in hydraulic pressure, turbulence-induced
sheer stress, crushing, and collisions. Indi-
rect effects encompass disorientation and
stress, which can increase downstream
predation rates even if the fish remain
uninjured. Recognizing the importance of
sustainable operations, ANDRITZ actively
researches methods to enhance fish sur-
vival during turbine passage. This research
aims to understand the complex interplay
of forces and geometries within turbines,
and to model these characteristics to

enable iterative design improvements
that ensure the safety of aquatic life and
maximize the operational performance of
the power plant.

SUSTAINABLE HYDROPOWER
Furthermore, ANDRITZ extends its com-
mitment to sustainability beyond miti-
gating fish survivability. By developing
and deploying machines with innova-
tive features such as oil-free runners,
the company aims to reduce pollution
and minimize the environmental foot-
print associated with operating hydro
turbines. Additionally, advancements in
turbine blade technology, such as novel
abrasion-resistant coatings, contribute
to enhanced machine longevity and
efficiency, thereby, reducing the need for
costly repairs and replacements.

The company's dedication to innovation is
demonstrated by the construction of the
world's most powerful test rig in Linz, Austria.
This investment represents a significant
milestone and underlines ANDRITZ' ongoing
commitment to technological excellence
and sustainability. The newly developed
test rig is characterized by its exceptional
application possibilities and the flexibility
of turbine models. This enables ANDRITZ to
test and further optimize the performance

and reliability of hydraulic developments
under the most demanding conditions.
This investment sets new standards in
the development of state-of-the-art
solutions tailored to the specific
needs and challenges of customers.

ANDRITZ' commitment to sustain-
ability also extends to the col-
laboration with leading research
institutions, facilitating the rapid
development and deployment of
environmentally friendly turbine
technology with minimal impact
on natural resources. By inte-
grating protocols for fish survival
assessment into turbine design
phases, ANDRITZ ensures that
its technology meets today's
needs without compromising the
ability of future generations to
meet their own needs. This holistic
approach underscores ANDRITZ
long-term dediication to sustain-
able energy solutions and the pro-
tection of precious natural resources,
ensuring a brighter, more sustainable
future for generations to come.

AUTHOR

Sigrun Fugger
Marie-Antoinette Sailer
hydronews@andritz.com
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- "Water is among the most precious of the
earth’s resources. ANDRITZ innovation
means all thos @
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COUNTRY/ TOTAL INSTALLED |[PUMPED GENERATION
TERRITORY CAPACITY" ( STORAGE (MW) |(TWh)
BELIZE i ['ss 0 LN R
CANADA - | 83312 177 ' 392
COSTA RICA 2,331 Y (R E 9 = P
CUBA 65 | B e B o S
DOMINICA 7 (0 0
DOMINICAN ;
RSPuBuCc 928 3 e

EL SALVADOR 572 0 £
GUADELOUPE 1 0 0.
GUATEMALA 1,513 0 7
HAITI 78 ' 0 <1
HONDURAS 849 0 4
JAMAICA & 0 <1
MEXICO 7 614, 0 35
NICARAGUA o - -~ 0 <1
PANAMA 1,845 0 8
PUERTO RICO N .| 98/ ) )
SAINT VINCE }rp {

AND THE da rﬁf 0 ‘0
GRENADINES 1/ {1

THE UNITED STATES/| 102,009 22,008 262
TOTALY |/ 206,175 723

y -

Generation by
Hydropower

| ¥
storage &

| 22,185 +"

- r

Total installed capacity

. 386.1GW

]

Pumped storage '
installed capagity

g 23.2 GW

Hydropower pote"htidj

1.02 billion iy

i
f

Population o

Pumped storage capacity

geMw
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Remaining hydropower
potential

69%
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COUNTRY/  |TOTAL INSTALLED GENERATIO
9 . TERRITORY CAPACITY* (MW) |STORAGE (MW) |(TWh)
' ARGENTINA .. | 1359 974 13
BOLIVIA T 0 3
BRAZIL ﬂl 109778 20 1
CHILE 7,289 0
%\f}commsm 12,563 0 64
ECUADOR 5,191 0 25
FRENCH GUIANA 119 0 1
~_ GUYANA 3 0 0
= S_PARAGUAY ) 0 41
s BERU 51515 ) 30
~ SURINAME 180 0 1
URUGUAY 1,538 0 6
 VENEZUELA 16, 8o O 68
" TOTAL 179933 994 a 712

- *Including p@i&rqge-...:

ANDRITZ
HYDROPOWER

Installed and/or rehabilitated:
about 3,880 units

with more than

160 GW

total capacity:

R 2*—.;@ !1 H

"Energy makes a vital contribution to people's quality

69

HYDROPOWER IN FACTS

of life, to society and to human progress. This is the
case today and will remain so in the future. With all
its experience and expertise, ANDRITZ is committed
to a clean and environmentally friendly future and to
the people of the Americas.”

THE AMERICAS
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CHANGE ISN'T COMING - IT'S HERE.

We are not waiting for the future of sustainability —
we're shaping it now.

At ANDRITZ, we believe in the power of innovation to bring about
positive change. That's why we're pleased to launch our latest
FOR THE CHANGE initiative, which aims to strengthen our commitment
to sustainable technologies and solutions. As a global leader in engi-
neering excellence, we are committed to making a tangible contribu-
tion to shaping a cleaner and greener future for generations to come.

Hydropower, a cornerstone of renewable energy, is at the heart of our
mission. With FOR THE CHANGE, we are not only promoting hydro-
power, but we are also pioneering it by using it as a driver for environ-
mental improvement. By harnessing the potential of water resources,
we are creating a sustainable energy future that is both efficient and
environmentally friendly.

FOR THE CHANGE is not just a slogan - it's a promise. It represents
our unwavering commitment to environmental, social and governance
(ESG) principles, with an emphasis on the 'E’ for Environment. Through
our innovative environmental products and solutions, we support our
customers in achieving their sustainability goals while reducing their
environmental footprint.

Our commitment goes beyond providing cutting-edge technologies;
we are actively shaping a positive impact on our planet and society.
With solutions for decarbonization and the circular economy, we are
driving significant change that goes beyond industry standards.

FOR A BETTER FUTURE.
FOR A GREENER PLANET.
FOR THE CHANGE.






