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Europe -
the cradle of
hydropower

Using the flow and fall of water to facili-
tate labor is as old as civilization. The first
documented water wheels date back more
than 2,500 years and water has been
used for agriculture, irrigation, and grist-,
saw- and textile mills since ancient times.

The ability to take advantage of water with Since the Greeks implemented
technology goes hand in hand with the the Archimedes screw in gbout
development of civilizations and econo- 200 BC, the development of hydro-
mies throughout history. power technology has largely taken

place in Europe. The Romans used water
wheels and invented the boat mills, in
use in Europe until the Middle Ages.

= %= It was during the course of the science revolution in the 17t" and
P . .
& _‘_"\:\\ 18t Centuries that the evolution from the water wheel to the
T 1 turbine took place. European academics set the course. German
- x 4 wj\_.- . )
e - w; doctor and physicist Johann Andreas von Segner invented the
1,

Segner water wheel, a kind of reaction turbine. Ancestor to the
v modern turbine, the Segner wheel is still used for sprinkler systems
+ today. Swiss mathematician and physicist Leonhard Euler come
e " < up with the “turbine equation” in 1757, This describes the flow
’ 4 of frictionless elastic fluids, a fundamental calculation for turbine
R ' engineering. With his idea to arrange a guide wheel above the tur-
R bine, he is considered as the inventor of the guide mechanism, an
a important component of modern turbines to this day. In the mid -
1770s, the French engineer Bernard Forest de Bélidor published
his book "L'architecture hydraulique" describing vertical- and
horizontal-axis hydraulic machines for the first time.

It took another 80 years of research and experimen-
tation before Jean-Victor Poncelet developed an
inward-flow turbine in the 1820s. A break from the
traditional undershot wheel, this new design had
more than double the efficiency. In 1827 Benoit
Fourneyron, another French engineer, built his hori-
zontal outward-flow turbine of unequalled efficiency.
Featuring two concentric wheels and the runner
firmly connected to a shaft, his turbine was installed
in numerous factories across Europe and elsewhere.
It helped power the industrialization of the mid-19t"
Century and today its development is widely consid-
ered the birth of the modern turbine concept.
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James Bicheno Francis, inventor of the
Francis turbine in 1849, was born in

tributed to the turbine control system and
German Carl Ludwig Fink invented adjust-

able guide vanes, with which the Francis tur-
bine could operate efficiently. Consequently,
the Francis machine became the most com-

monly used turbine and is still the most wide-

spread hydro machine in use today.

hydropower technology.

One of the most important milestones in hydropower

history was the invention of the first electric gen-
erator by Michael Faraday in 18 31. This made it

possible to generate electricity from hydropower. In
1837, German technician Carl Anton Henschel built

his axial high-pressure turbine, which French engi-

neer Nicholas J. Jonval subsequently patented. Now
known as the Henschel-Jonval Turbine, water leaves
the turbine through a central suction pipe — the ori-

gins of the draft tube design. Today, the break-
throughs by Henschel and Jonval are found in most
turbine arrangements.
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England. Irish engineer James Thomson con-

In the late 1840s, Ferdinand Redten-
bacher and Julius Weisbach both
wrote essential books about scientific
mechanical engineering and formulated
mathematical turbine theories. Their
work enabled the precise calculation

of energy conversion and output when
water strikes turbine blades — a crucial
step in the development of modern

One of the founding fathers of the ANDRITZ Hydro
family tree was not European but the American
engineer Lester Pelton. Nonetheless, since their
first construction in 1879 Pelton turbines have
been continuously developed in European lab-
oratories ever since — first and foremost at
ANDRITZ Hydro. The Pelton impulse turbine design
has attained great importance as the best solu-
tion for high-pressure applications, especially in
the Alpine regions and in Scandinavia.

One other major turbine type has its birth in Europe
- the Kaplan turbine. The demand for electrical
energy, for more speed, and better efficiencies at
low heads was rising and existing machines of the
time could not meet these requirements. In 1913,
the Austrian professor for engineering — Viktor
Gustav Franz Kaplan - invented the eponymous
turbine. His design features wing-shaped blades,
which are adjustable for optimal use across vary-
ing water volumes.

Based on the Kaplan turbine, the
Bulb turbine was developed by
Escher Wyss (now ANDRITZ Hydro)
in Zurich, Switzerland, in 1936.
An arrangement of turbine com-
bined with generator — the Bulb
machine marks another milestone
in hydropower development and
is the perfect application for high
capacities and low heads. ———>

“For more than 135 years,
the work of European
inventors and scientists
has enabled the power of
falling water to be used
for electricity generation.”
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For more than a century, hydropower was the main
source of electricity production in Europe. It was es-
sential for economic growth and wealth. Although
other electricity generation technologies such as
coal, gas, and nuclear power were developed lat-
er, hydropower has remained the most cost-effec-
tive — supplying affordable and sustainable energy
to European consumers.

At the end of the 20" Century, climate change poli-
cies triggered the development of a renewable en-
ergy generation base, mainly wind and solar PV.

As energy demand is continuously rising, renew-
able and sustainable energy sources are becom-
ing steadily more important. Europe's governments
(EU-28, Norway, Switzerland, Turkey, and Iceland)
have all set binding targets to reduce greenhouse
gas emissions by at least 40% by 2030 and to signif-
icantly increase the share of renewable energy use.
To achieve these ambitious goals and to build an
affordable, secure, and sustainable energy system,
many European countries have launched numerous
incentives and regulations to boost power sector
decarbonization.

With its controllability, flexibility and storage ca-
pability, hydropower is playing a major role in the
transformation of the European power system.

In 2017, about 2.3 GW of hydropower capaci-

ty was added across the wider European region,
including non-EU countries. This brings the to-
tal European hydropower capacity to 278 GW.

Power Generation Mix ‘
in Europe (TWh) S wh

1%

CSP
6 TWh

1% .
Solar PV Marine

123 TWh / 1TWh
2

% 0.04%

Geothermal
19 TWh
1%

Generation Mix
from Renewables
in Europe

~ 1350 TWh

Bioenerg

5%

Bioenergy
229 TWh
17%

10  cover sTory

y
229 TWh — Wind

The market situation

Despite unfavorable weather conditions with drought
and low rainfall, hydropower generated more than
770 TWh (incl. Georgia, Kazakhstan, Russia, and
Turkey) of clean electricity in 2017. While wind, solar
and other renewable energy sources are increasing
throughout Europe, these intermittent energy sys-
tems continue to benefit from and rely upon the bal-
ancing capabilities, storage potential and other grid
services of hydropower. Thus, hydropower will remain
the backbone of renewables development in the
European power grid.

With resource efficiency, flexibility, competitive costs,
and low-carbon electricity for both peak and base
loads, hydropower remains more than fit to meet the
future challenges of the energy transition.

Another vast renewable energy resource is the
ocean. The opportunities to generate power from our
ocean basins are many and varied, whether through
waves, streams or tidal range. Ocean energy can
play an important role in the future, contributing to
the development of trendsetting concepts. This is

“Hydropower is still the
backbone of the European
grid and still a major player
on the road to a carbon-free,
zero-emission future.”

General Facts
Hydropower in Europe

53 GW
thereof are from
pumped storage

278 GW

Total installed
hydropower
capacity

Source: |IEA 2018, Data from 2017; Countries included: European Union regional grouping and Albania,

Belarus, Bosnia and Herzegovina, Gibraltar, Iceland, Kosovo, Montenegro, Norway, Serbia,

Switzerland, North Macedonia, Moldova, Turkey and Ukraine.
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especially true in Europe, where in many places geological
and topographical conditions are ideal. Today, the com-
mercial aspects of harnessing the power of the oceans are
not satisfactorily advanced and thus require more political
support. Nonetheless, the scale of the resource is a com-
pelling argument for further development of ocean energy.

Refurbishment and upgrading of existing plants are the
main hydropower activities in Europe today. This reflects
conditions during the 1960s and 1970s, when the European
economy showed impressive growth. Most countries in-
vested in greenfield hydropower plants to meet rapidly
increasing energy demand across both domestic and in-
dustrial sectors. As a consequence, almost 60% of Europe’s
total installed hydropower capacity is more than 40 years
old and now needs to adapt to changing grid and en-
vironmental regulations, as well as new operational re-
quirements. Modernization, rehabilitation and uprating are
essential for existing hydropower plants to increase their
efficiency and safety, prolong their lifetime and provide
the required grid services.

Though throughout Europe only very few greenfield hy-
dropower projects are being launched currently, there are
notable exceptions. Decreased investment in view of very
tough environmental stipulations, low electricity prices,
and uncertain and inconsistent climate and energy poli-
cies, has been countered in European regions where there
is a strong interest in boosting the economy and securing
better water and electricity supplies. Another exception
comes from pumped storage projects. Pumped storage is
the most important and economic solution for large-scale
energy storage today. It is used to balance the variable

Unexploited versus developed
hydropower potential
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output from renewable energy sources like wind and solar
and therefore makes a significant contribution to future
clean energy goals. However, even with pumped storage,
economic and political uncertainties can lead to some
projects failing to progress to fruition.

SPECIFIC MARKETS

Europe is a very complex and diverse region with very dif-
ferent geological features. The high plateaus, numerous
valleys and rivers of all sizes in the Alps offer different hy-
dropower potentials than, for example, the low German or
vast Eastern plains. About half of Europe's hydropower po-
tential has already been developed, but some potential is
still to be found in specific countries. Russia has an excep-
tional technically feasible hydropower potential of anin-
credible 1,670,000 GWh per year remaining, for example.
Norway and Turkey follow with about 160,000 GWh a year
each, whereas Sweden and France have a hydropower
potential of between 60,000 and 70,000 GWh a year re-
maining. Even countries such Austria, Italy or Iceland have
about 30,000 to 50,000 GWh left. Meanwhile, countries
like Belgium, Luxembourg or the Netherlands hold only a
remaining potential of some hundreds of GWh.

Within Europe’s mountainous regions, pumped stor-

age projects are currently underway. In some cases ex-
isting hydro facilities are extended or refurbished, such
as Obervermuntwerk Il in Austria or Hongrin-Leman in
Switzerland. Some projects are completely new, like Foz
Tua and Gouvdes in Portugal. Alongside pumped storage,
conventional large hydro schemes are also being devel-
oped in certain selective, mainly non-EU European, areas.
Projects include the Upper Kalekdy on the Murat River in
Turkey and, in Central Europe, the Mur hydropower plant in
Graz, Austria.

In recent years, the European market for small hydro-
power has steadily declined due to generally low electri-
city prices and the rapid expansion of solar. Again though,
Europe's diversity reveals exceptions. In some countries
numerous small hydropower projects have and are being
realized where beneficial incentives exist, typically moti-
vated by climate change or economic development pol-
icies. Examples are found in Norway, Italy, Turkey, Austriq,
Georgia, Switzerland, and in the UK.

Russia and the former Soviet Republics in Central Asia
also offer multiple opportunities for the refurbishment

of existing hydropower plants. Such installations typically
suffered from neglect during the Soviet era. Examples
include Dnipro 1in Ukraine and Shardarinskaya in Ka-
zakhstan. Numerous small hydro projects are also
scattered throughout the Central Asian region, repre-

senting further interesting potential. E—
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ANDRITZ Hydro

The pioneering hydropower engineers and manufacturers
largely originated from Central and Northern Europe and

the technology soon spread around the globe, but only a
few can boast of an engineering heritage stretching back
to those earliest days of commercial hydropower.

ANDRITZ Hydro, part of the ANDRITZ GROUP, is one of
those pioneers of hydropower and can justifiably and
proudly boast of a continuous line of advancement,
expertise and competence spanning over three centu-
ries. Prominent names such as Escher Wyss, Sulzer, Elin,
Bouvier, Ateliers de Charmilles, Atelier de Constructions
Mécaniques de Vevey, Kvaerner, Tampella, Nohab, and
many more dare now found rooted within the family tree of
ANDRITZ Hydro, roots first planted in 1805.

With accurate knowledge of today's hydropower markets,
business and industry, a worldwide network, cutting-edge
technology, and decades of expertise and experience
from our first-class engineers, ANDRITZ Hydro establishes
itself as a modern state-of-the-art company operating
worldwide. Today, ANDRITZ Hydro is a global supplier of
electro-, and hydro-mechanical equipment and services
"from water-to-wire" for hydropower plants, turbo gener-
ators for thermal plants and large engineered pumps of all
sizes. Of the 7,000 ANDRITZ Hydro employees worldwide,
3,800 work in our 29 locations in Europe. ANDRITZ Hydro
European facilities include nine manufacturing workshops
and five labs.

Reference Highlights
- milestones of technological

progress

Jochenstein on
the German-
Austrian border
the first run-of-
river plant on
the Danube in

1955-56

IN Europe

Always at the forefront of industrial and technological
development, our expertise and innovative drive to evolve
hydropower technology and the hydropower market has
seen ANDRITZ Hydro make globally significant contri-
butions. In 1936, Escher Wyss invented and built the first
Bulb turbine — an invention destined for low head appli-
cations around the world. Escher Wyss was also the first
to introduce the Straflo turbine, the name derived from

a combination of "straight" and "flow". This is a further
development of the Bulb turbine in which the turbine and
generator form one unit. These were groundbreaking
developments for the worldwide hydropower business.
ANDRITZ Hydro has also patented the Hydromatrix, a
unique device combining several identical small turbines
built within existing civil structures with a few modest
adaptions. This enables the use of existing and wide-
spread infrastructure for power generation. Furthermore,
ANDRITZ Hydro has also developed and installed the first
commercial tidal current turbine, setting a marvelous
example of our continued search for the next generation
of future-oriented solutions.

With a wealth of new performance records and decades
of delivering new, groundbreaking technological achieve-
ments, ANDRITZ Hydro is left with a dilemma: Which of
the long and interesting list of important firsts and world
records within its reference list should be showcased first?
From the first unit at the world'’s first commercial pumped
storage plant, the first asynchronous variable speed

Goldisthal

Germany, the first

asynchronous

variable speed ? Lower Olt
pumped storage Romania, the
unit (330 MVA) largest low-
outside Japanin head Bulb-type
1997 pumped gener-

ating units (14.5
MVA) in the world
in2004

Tsankov Kamak

NIEDERWARTHA
Germany, the first
pumped storage
plant in the world

in1929
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Edolo Italy, one
of the world'’s
first multi-stage
pumped turbine
units (130 MW) in
1979

Bulgaria (80 MW),
commissioning of
the first joint im-
plementation

project under the
Kyoto protocol in

12004
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units outside Japan, and the most powerful single-phase u Europe iS home to the

motor generators, on through to the most powerful

Peltons with the highest heads — ANDRITZ Hydro's proven world's most important
provenance of quality, expertise and competence puts it hyd ropower equipment

on the top table as a leading supplier and the company’s

global technological impact cannot be understated. mqnuchtu rers qnd
ANDRITZ Hydro is constantly investing in research and anther 50 key p'dyers
development in1 order to meet new df—:‘monds for env.i— in the Supp|y Chqin,
ronmentally-friendly energy production and to provide

top quality and modern solutions for our customers’ I‘epresenting two thirds

needs and requirements. The solutions and applications

of the world market."”

>

emerging from this R&D focus are not only optimized and
tailor-made, but also environmentally-friendly. Examples
include oil-free Kaplan runner hubs and fish-friendly
manufacturing methods such as HiWeld, MicroGuss or SXH
coatings, which were developed in our European manufac-
turing workshops.

As a leading global supplier with its roots in Europe,
ANDRITZ Hydro has been meeting the needs of the market
and those of our demanding customers for more than a
century. From its earliest origins, to the present day and on
into the future — ANDRITZ Hydro is making major contribu-
tions to the development of a safe, stable and sustainable
energy system right across this new old continent.

ell .
Sources: Wikipedia, Hydropower & Dams World Atlas 2018, DNV GL, F"i*
IHA Hydropower Status Report 2018, EEA report Renewable Energy in
Europe 2017, Eurelectric and VGB Facts of Hydropower in the EU.
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