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Hydro Power — Sustainable and Resilient Energy Source

General View of Hydro Utilization Worldwide
— Role of reservoirs - irrigation, energy, multi-purpose
— Provision for local, sustainable and resilient energy
Main Challenges — Energy from Renewable Sources
- Technical Issues
- Commercial Aspects
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Hydro Power — Sustainable and Resilient Energy Source

Hydro Power in the Energy Transition Process
- Volatile renewables - photovoltaic and wind
- Way in Europe, alpine region and Austria
- Multiple role of reservoirs and run of river plants
Hydro Power Developments
— Rehabilitation Work and development in progress
— Examples of actual projects
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Worldwide - Share of Fossil Fuels

(in Mtoe ~ 11,6 TWh)
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Global Energy Consumption — Part of REN

Fossil fuels

78.4%

Biomass/ Hydropower
Modern renewables geothermal/ 3.6%
.07

solar heat
10.2%
4.2%

Wind/solar/biomass/
geothermal power

9.1% 1.6%

Biofuels
for transport

0.8%

Traditional biomass

Nuclear power

0]
2 ' 3 AJ Source: REN21, Global Status Report 2017

Energy — 80% Fossile Fules — 20% Energy from Renewable Sources
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Electricity - Renewable Sources

73.8% 4

Non-renewable
electricity

Renewable
electricity

15.8% 5.5% wind power

Hydropower

2.4% Solar PV
2.2% Bio-power

Geothermal, CSP
0.4%
. o and ocean power

Source: REN21, Global Status Report 2019

74% Non Renewable - 26% Renewable Sources
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Carbon — Versus Electricity from Renewables

CO2 emissions per capita vs. share of electricity from renewables

Carbon dioxide (CO,) emissions per capita, measured in tonnes per year versus the share of total electricity output from
renewables.
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Development of Hydropower

Hydropower generation, 2021 Austria
Annual hydropower generation is measured in terawatt-hours (TW 43.9Twh
o 39.69 terawatt-hours
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Source: Our World in Data based on BP Statistical Review of World Energy & Ember OurWorldInData.org/renewable-energy e CC BY
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Development of Hydropower

Hydropower generation, 2021
Annual hydropower generation is measured in terawatt-hours (TWh).
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W
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49.39 terawatt-hours
OTWh — in2020
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Click for change over time
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Source: Our World in Data based on BP Statistical Review of World Energy & Ember OurWorldInData.org/renewable-energy ¢« CC BY
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Electricity - CO, Emission — [t/GWNh] - [g/kWh]
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B high estimation
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Hydro Power — Worldwide Leading Renewable Energy Source

= Reliable

= Inexpensive Fuel

= Zero emission

= Renewable supply of electrical energy

= Provision of services for electrical energy system
— Storage in all time ranges
- System flexibility, stabilization and security of supply
- Frequency stability, grid restoration

= Water services
— Avalanche and flood protection
- Improvement of traffic infrastructure

= Service life — more than 100years

= Rehabilitation to improve efficiency and ecology

Gerald Zenz
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Hydropower — System Energy Transformation

HYDROPOWER GROWTH THROUGH THE DECADES

1500

1250
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Capacity (GW)

1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2009
. Added capacity . Cumulative capacity
GW) GW)

Worldwide Increase of Contribution

2010-2018
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Sustainable Hydro - Renewable - PV — Wind - Hydro

Gigawatts World Total

a
o 487 Gigawatts QQ-"-“'
additions
433 ]
400 370 64
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300 283 .
Previous
238 year's
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200
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121 2
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100 74 +-27

Source: See endnote
0 2 for this section
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Electricity Production / Consumption, GermanyJan 2017
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Simulation — 100% Volatile Electricity from Renewables

Studie zur Umstellung der Stromerzeugung in
D auf 100% Erneuerbare
extrapoliertes Basisjahr 2019

180 Multiplikatoren
2019:

Wind onshore: 1.9 [-]
Wind offshore: § [-]
Solar PV: 3.5 [-]
Wasserkraft: 1.0 [-]
Biomasse: 1.0 [-]
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— Last — Extrapolierte 100% Erneuerbare Erzeugung s
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Study - Ideally Required Storage - Germany

10

8 Year: 2019 - extrapolation “
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06.2019
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09.2019

Storage about "only” 5% of total annual energy demand
In 2019 gross power consumption — approx. 550TWh

Richter et. al.: Economic and sustainable energy transition enabled by
pumped-storage hydropower plants [Hydro 2020]
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Comparison - Efficient, economical, sustainable

Specific Investment €/kWh

Upgrade Norway

450

400

350

300

250

200

150

100

50

Li-Ton pe Lithium lon Batteries

30MW 3 /kWh

Li-ion peaker Ganawarra
Australia 50 MW; 448

Li-ion peaker Hornsdale

Australia 100 MW, 560 . 448.00

Specific cost CAPEX
€/kWh: Total Investment / One Filling content
€/kW: Total Investment / Installed Capacity

New PSH with new reservoirs

P St. Georgen Ktn. New reservoirs
420MW, 1012,202

P Molln 330 MW, 1133,166

P Atdorf 1400 MW new P Koralm Stmk. new reservoirs

Baixo Sabor, 2 new dams 171
MW, 3657,184

reservoirs, 1143, 123 940 MW, 138 \.
Goldisthal 1060 MW, Gouvies 880
e MW, 1112, 51 . .
Feldsee 140 Linthal 2015 1000 MW,
MW, 483, Reisseck I 181847
32 430 MW,
1188.44
llégmﬁlhﬁ{a;gggzg H4 P Snowy 2.0 Nant de Drance 900 MW,
T it 2‘;‘;‘;;"[‘8"" 1900.59 Upgrade of PSH — existing
480 MW, - Obervermuntwerk 1T H
i . " 360MW. 2.331.33 reservoirs
' *~ P Tauernmoos 170 MW, 1765,29
0 100 2000 2500 3000 3500 4000
P Tonstad 960 ,358,24.43

Kopswerk II 360 MW, 1310,6

) Specific Investment €/kW
Kuli 1300 MW, 300 GWh 2)

Wolfgang Richter: Surge Tank Design for Flexible Hydropower
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Contribution - Hydro Alpine Region — Entire EU-28

94 GW

Aerant

Easw

Darge

- Schweiz
- Alpenraum (nur EU)
[: EU 28 (chne Alpenraum)

¥ -
© EuroGeographics bezOglich der Verwaltungsgrenzen

0 250 500 1000 1500 2.000
I — o eler

Abbildung 5-25: Wasserkraftleistung der EU im Vergle/ch zum Alpenraum (in GW)
Hydraulic Engineering
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Alpine Region — Reservoir HPP and Pumping Capacity
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Abbildung 5-16: Turbinen- und Pumpleistung der Pumpspeicherkraftwerke”
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Alpine Region — Comparison - Norway & Sweden [GW]

62,8

= Norwegen & Schweden

= Alpenraum

34,2

HYDRO ROR SPP PSPP

Abbildung 5-27: Wasserkraftleistung (N, SWE) im Vergleich zum Alpenraum (GW)18

i Gerald Zenz Hydraulic Engineering

20



Hydraulic Engineering and Water Resources Management

TU

Alpine Region — Comparison - Norway & Sweden

i Gerald Zenz
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Gross power production in Germany 1990 - 2021, by source.

Data: BDEW 2021, data preliminary.

* Without power generation from pumped storage.

Power generation in terawatt hours (TWh)

Others*

Renewables

Oil

Natural gas

Nuclear

Hard coal

Lignite

() BYsSA4.0
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2030 — Additional Storage Capacity - EU

12,000
10,000 ki
700
1,448
8,000
7,870
6,000
S = Molten Salt
Battery
&0 m CAES
m PHS
0 -
FE S ST P P P
Capacity with cross-border relevance — Batteries, demand side management
Projects of Common Interest — Smart solutions, compressed air
« P2G — G2P results in only approx. 25% of
efficiency
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oud of - Future
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Kaprun — Limberg / Mooserboden

Hydro Power
Flood Protection
Drinking Water
Irrigation

Safety Concept
Structural
Monitoring
Operation

Risk Assessment
Structural Safety
Risk Management
Education

Pic. \Verbund
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Climate Change - Flood Protection due to Reservoirs

i'
g
-

Essential Contribution to
flood protection and
retention

Run-of-River Plants

Reservoir Power Plants

Run Off — Retention and
Retention Reservoirs
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Pumped Storage Scheme — Kaprun

Ty

Power Cavern - 2 x 240 MW
Headrace Tunnel - @, 6.20 m, Lg. 4km
Inclined Shaft - &, 4.80 m, Lg. 0.6 km
| Design Flow — Q,=144m3/s

Verbund
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COMMISSION INTERNATIONALE
DES GRANDS BARRAGES

INTERNATIONAL COMMISSION
ON LARGE DAMS

ICOLD | DAMS

Package Bulletins

2016

Bulletins' Package: 2016
- Bulletin 146

- Bulletin 148

- Bulletin 157

- Bulletin 166

in 2

NEWS | PUBLICATIONS | WORLD REGISTER OF DAMS | DICTIONARY MEMBERS SECTION SEARCH

= REGISTER OF DAMS

The world's best databasis on dams, established
upon the national inventories sent by the member
countries of ICOLD. The Register is continuously
updated. It includes more than 55,000 Dams.

89t |COLD Annual Meeting
Online
15 to 19 November 2021

See the dedicated website

16t International Benchmark i Synthesi @
Workshop on Numerical A
Analysis of Dams, Data Search n
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‘World Declaration on Dam Safety

Throughout history, the construction, operation and maintenance of dams and their storage reservoirs
have provided significant benefits to humankind. Storage of water behind dams regulates natural
streamflow, allowing for benefits resulting from increased water availability, renewable energy
production and reduction of adverse impacts caused by nature’s extremes of flooding and drought.

In our fragile world, growing population is causing a steady increase in demand for water, food, energy
and minerals to meet basic needs as well as rising standards of living. At the same time, water storage
represents additional risks to downstream communities, property and the environment, including the
potential for dam failure, possibly resulting in an uncontrolled release of stored water.

The Dams Engineering community has a profound ethical responsibility to carry out its professional duties
so that dams, reservoirs and levees are designed, constructed and operated in the most effective and
sustainable way, while also ensuring that both new and existing dams are safe during their entire lifespan
and after decommissioning.
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Commission on Dams

Subcommittee

AUTHORITY

Structure - Safe Dams

Report

Annual Safety

Report

Dam Safetey Engineer

DAM OWNER

Dam Attendant

\

Control
room

Number of large dams in Austria

= 85 dams - energy (to 200m)

= 42 dams - snowmaking (to 40m)
= 23 dams - flood mitigation

ATCOLD / Dam Safety Expert Seminar / Melbinger
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ICOLD — Safe Dams

Member Countries

COLOMBIA e

Name of the Committee:
Comité Colombiano de Grandes Presas

President:
Alberto MARULANDA

Address Committee:

Mr. Alberto MARULANDA, Chairman
Comité Colombiano de Grandes Presas
INGETEC S.A. Cra 6 No. 30a-30 BOGOTA
COLOMEIE

Phone: (57-1) 245 6486
Fax: (57-1) 288 45 31
E-mail: amarulapos@ingetec.com.co

Member Countries

AUSTRIA —

Name of the Committee:
Austrian Committee on Large Dams

President:
Gerald ZENZ, Chairman

Secretary General:
Mr. Helmut KNOBLAUCH, Secretary

Address Committee:
Stremayrgasse 10/11 8010 GRAZ
AUTRICHE

Phone: (43-316) 873 8861
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DIESSBACH

FRAGANT

Feldsee

Innerfragant, Haselstein
HINTERMUHR

KAPRUN UPPER STAGE
Limberg |, Limberg Il
KORALPE

KUHTAI
MALTA-REISSECK

Malta Main Stage

Malta Upper Stage
Reisseck Il

NASSFELD

OBERE ILL - LUNERSEE
Kopswerk Il, Rifawerk
Linerseewerk, Rellswerk
Obervermuntwerk I
Rodundwerk |, Rodundwerk Il
OTTENSTEIN

RANNA

ZEMM-ZILLER

Hausling, Rosshag

p. 173
D, 201
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High Head Pumped Storage Schemes

oo

0 25 |s0 100 km

Carinthia

OEO®E ® ©

OO PO® .
O®

OO 06 ® © OO
Capacity Total Hydro — 14120 MW

Obere Ill-Linersee - Rodundwerk Il
Obere Ill-Linersee - Rifawerk
Kihtai

MNassfeld

Diessbach

Gosau

Ranna

Ottenstein

Obere Il-Linersee - Rellswerk

. Obere Il-Linersee - Linerseewerk

. Obere Ill-Linersee - Rodundwerk |

. Obere Il-Linersee - Obervermuntwerk ||

. Obere Il-Linersee - Kopswerk ||

. Zemm-Ziller - Rosshag

. Zemm-Ziller - Hausling

. Kaprun Upper Stage - Limberg |, Limberg Il
. Fragant - Feldsee

. Fragant - Innerfragant, Haselstein

. Malta-Reisseck - Malta Main Stage

20. Malta-Reisseck - Reisseck ||

24

. Malta-Reisseck - Malta Upper Stage
22.
23.

Hintermuhr
Freibach

Koralpe

High Head Power Plants / Pumping — 9400 MW / 5200MW

Wil.
WL

Ebensee
Maolln

. Sulzberg

Versetz

Kihtai Il

. Tauernmoos

Limberg Il
Reisseck Il Plus
St. Georgen

Koralm
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Hydro Power Potential — 15TWh — app. 42TWh existing

9500
=

" Total of developed potential [GWh]

7900

® Reduced technical - economic residual potential [GWh]

Electricity — Share (2015)

m Hydropower

® Thermal: Fossil
fuels and
derivatives

Thermal: Biofuels

Source: POYRY - VEO Wasserkraftpotentialstudie Osterreich
http://www.energiestrategie.at/images/stories/pdf/36_veo_08_wasserkraftpotenzial.pdf
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Installation of Pumped Storage Capacity

150.0

48.0

29.8
276 26.7 224

75 70 68 52 48 47 33 28 14

O 2 @ W W@ 2 O
& & O & O L LS

= European Union - Additionally - install 20 GW until 2030

= Target — 2050 to achieve app 80% renewable — Wind / Photovoltaic
= Dark doldrums

= Ref.: IHA Hydropower Status Report 2017

i Gerald Zenz Hydraulic Engineering
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~ o Intake structure

Underground - 1
¢ powsérhouse IR R

Silvretta
head pace tunnel

Main T Access tunnel
access tunnel o "%, . tosurgetank

r

; ‘ : X% '-.‘r‘:“’ ";-:2.;" l"‘:: >
X el o
Tail race;s&stem B

X (‘a\_

Wolfgang Richter: Surge Tank Design for Flexible Hydropower
Vorarlberger llwerke AG
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Scheme of Obervermunt Il
{2 x 180 MW = 360 VW)

Reservoir Silvretta _
Reservoir Vermunt

Surge tank and :
R vertical shaft Acceny g
.‘m '----..,.!_:: Explorating and
v, high voltage cable gallery
Intake structure M' 'ﬂm,.‘ Spherical valve O8N
*a . Tail race system
praasts timmel ObervemATt_ T
Gate chamber ~ e v e =
. o’ 2
/ | .-l""'."" -
. ray, Ut u2 i
Removable access pipe *Vara,
i . Outlet structure
Penstock / l] [ padmnsnsadssnssnnnnsnnnsns snn snnnnnnnnnn
Each TU/PU 1 x spherical valve
= Basic Data _ Each TUPU 1x gate
= Design Discharge Q=150 m?3/s 2% 180 MW = 360 MW

Qp=135 m3/s
Hydraulic Head 243,2 — 311,2 m ﬂ

Vorarlberger Illwerke AG
Wolfgang Richter: Surge Tank Design for Flexible Hydropower
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Surge Tank Krespa C\-\amber Aeration — Approach Tunnel

Up
Long ﬁ

_— Main Shaft
d=18m, h=ca.90m

STt =
\

300 m

3 Lower Chambers
Length app 70m

S
o
S
™
e
S

Vertical Connection Shaft,

d=7m, h=ca.190m

Silvretta-Tunnel . OVW Il

Pressure Tunnel Obervermunt

Eiffelturm P Owe, »

Vorarlberger lllwerke AG
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Long upper chamber

Krespa
Top cavern Modell Scale
1:30

Main shaft

Lower chamber

Vertical shaft

¢

Vorarlberger Illwerke AG

Pressue tunnel

i Gerald Zenz Hydraulic Engineering
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Renewables — Different Sectors
Heating and Cooling
9.8% |5.3% 3.3% |0.8% 26%
Renewable | Non-renewable Renewable Non-renewable Renewable
energy electricity energy electricity energy
8.0% 3.0%
Modern bioenergy, Biofuiels
solar thermal and
geothermal heat
1.8% 0.3% Renewable
Renewable electricity Renewable electricity electricity
Source: REN21, Global Status Report 2019
50% Heating — Cooling // 30% Traffic // 20% Electricity
i Gerald Zenz Hydraulic Engineering
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Electric Energy— Efficiency - Heating

Electric heat pump

Renewable power
100 %

', Transmission (95 %)

Fuel cell heating

Renewable power
100 %

', Transmission (95 %)
Electrolysis (70 %)

_‘ Compression/transport/
fuel cell*

¥

Total
45 %

Gas condensing boiler

Renewable power
100 %

', Transmission (95%)
Electrolysis (70%)

' Power-to-Gas (80 %)
Transport (99 %)

Gas condensing
boiler (95 %)

Total
50 %

¥

* Efficiencies: 80% (compression/transport) and 85% (total fuel cells; 45% heating, 40% power)

Note: Individual efficiencies are indicated in parentheses. Multiplied together, the individual efficiencies yield the overall
cumulative efficiencies in the boxes. For heat pumps, we have assumed an annual performance factor of 3.

Authors’ calculations based on acatech et al. (2017 a,b), Képpel (2015), FENES et al. (2015)

Agora - Frontier Economics (2018): The Future Cost of Electricity-Based

Synthetic Fuels - www.agora-verkehrswende.de

i Gerald Zenz

Hydraulic Engineering

42


http://www.agora-verkehrswende.de/

Hydraulic Engineering and Water Resources Management

TU

Grazm

Public Transportation - Railway

_
ADRIATISCHE

v :‘\\\ ——
A Ljf{bljana/kg{epfzgi

=
/
i
» g Trieste/Venezia

Eine Initiative von:

% Das Land
Steiermark

Ljubljana

W K O™

STEIERMARK

WWW. nkstmk.atﬂ

: INDUSTRIELLENVEREINIGUNG
IV STEIERMARK

Truck Transport

40% of all CO,
Emissions

Target to increase
attractivity and
availability of
transport of goods
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Effect - Electricity Map — Europe — CO,, emissions [g/kWh]
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Railway — electrification in Austria

OBB

INFRA

Austria - 100% from renewable energy sources
1,9 TWh — Annual Consumption — (16.7Hz)
33% from OBB owned hydro power plants
25% from Associated Partners
Remaining from Austrian Grid
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Pumped Storage Scheme Tauernmoos — Operation 2026
T
Y e
' \\»‘ Krafthaus 58 *3/)‘.
let-llmhl 1! m<(71 77:(’:\',2';:‘)” )\E{‘c-&{n
Ulllll\Nl\S i ” .
TAU NMOOS & S
A ’R 27
Pumpseicherkraftwerk
Fallhéhe iM 220m
Ausbau — T-80m?3/P-70m?3
Leistung — 170MW 6 B B
Jahreserz.- 460GWh
INFRA
Reference: Kraftwerk Tauernmoos — Projektbroschiire 2019
https://infrastruktur.oebb.at/en/projects-for-austria/traction-current/power-stations-frequency-converters/power-station-
tauernmoos/projektbroschuere-tauernmoos.pdf Abfrage:Feb.2020
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Smart Cities - Smart Hydropower — Graz — Power
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Electricity from Renewable
Sources

Hydrology

— Ecological flow
Fish Migration

— Up- and downward
Morphology

— Continuity
Flood protection

Recreation
Green City
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Hydraulic Modell Tests — Rehabilitation - Optimization

Controll Section |

_:v o 4-» } e
e \ b~
s

Optimization - Capacity 3%-5%

Shape of approach flow channel
Transition — Change in inclination
Trash Rack

.
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Simulation of Approach Flow

3% Optimization — Leads to 2,4GWh at RoR Plant
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Content — Content 2 — Content 3 — Content 4

Comparison — Required Area
W Steiermark| " Basiskarten & Bider » -

R

4 \. :
aikanlage

A\."

'

© GIS Lane toi ark, BEV, Adf r (6008/2006) Zweck: )
Keine Haftung fiir Verfugbarkei incigkeit Ersteller.
und Richtigkeit der Darsteilung. Karte erstellt am: 27.11.2017
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L

Climate Change — Mitigation Measures - Flood Events

Development of Strategies to optimize flood risk management in Styria

Water Resources Management
Amt der steierméarkischen Landesregierung

Hydraulic Engineering

i Gerald Zenz
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Engineering Education - Graz University of Technology
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4 SEMESTERS 90 ECTS + 30 ECTS Master Thesis

Compulsory Courses

+ Soil Mechanics and Foundation
Engineering (4.0 ECTS)

* Rock Mechanics and Tunnefing
(4.0 ECTS)

* Hydraulic Engineering (4 ECTS)

* efc.

27,5 ECTS

Electives Catalog 1

1a 1b 1c
Hydraulic Soil Rock
Engineering Mechanics Mechanics

« Earthquake Analysis of Hydraulic Structures (3.0 ECTS)
+ Computational Geotechnics (8.0 ECTS)

+ Landslides and Siope Pro (3.0 ECTS)

« TBM excavation (2.0 ECTS)

sefc

30 ECTS

Electives Catalog 2

Numerics in

. Hydraulic
Engineersing (4.5 ECTS)
+ Design of Pressure Conduits

(30 ECTS)

+ Geotechnical risk

assessment (3.0 ECTS)

s

20,5 ECTS

TU

Graz

; University of Technology

TAUGHT
IN ENGLISH

Free
Electives

Elective
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Education and Training — Young Engineers

G v i 8
R Y

-y
3
'R

= \"5‘ ’ Wl . \ 5 4 . . .
t/ i W e -: g £ \ i 4 R 8 |
a ma | g ’il%‘:.m -» i 7 Eeg |
Create Network — encourage attandance to ICOLD meetings
Provide opportunity for knowledge transfer to next generation

Provide platform for Young Engineers to exchange
Inspire Young Engineers to be active in National Committees

CIGB ICOLD
AUSTRIA

Gerald Zeq
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Aware of
Multiple benefits &
S ustainable effects - ' .p
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