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B 2018FMDKARELIT7IF7%THY. BAERTREIRILEF—DHRTIERELEKREL,
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FIZIX14%FETIET I 5,
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Natural gas
m Coa
Nuclear
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' r. d
Solar

m Others*

HAT)IEA “Energy policies of IEA Countries United States 2019” (20194E91)
p182 (Figure 9.1) IC=Z#WHERT

RKEDBEFREIRILF—REEDFHFXRREEL
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history ! projections
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2010 2020 2030 2040 2050

H ) IEA “Annual Energy Outlook 2020 with projection to 2050” (202041 18)
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I conduits —EEERKBREE~DIEH
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2 Northeast
(1MW) (515MW)
Midwest
Southwest 29

(543 W)
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{1,470 MW)

) Southeast
Project Type by Development Stage:
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tssued Permit* | ¢ (13 528 vw)
Pending Application** - 15 (2,553 MW) !
tssued Authorization** | EEEEEENENE <5 2.1 v
Under Construction - ?f) (95 M'.';j i

H ) U.S Department of Energy “2017 Hydropower Market Report” (20184E4H) p.19 (Figure 2)
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] p‘n. 3]
U e =3 29M+T3 > >»DCTIE,
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HAT) BEEEA ER 1 EEI ALY — SR EE Bt RICEAT A RAEEZE BB ITAFETRIRIILIF—BREFAE) 1 (2020F38) p.16 (K1-4)
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TAAT 105MW 19994 HL
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a3k 30% 20204 sl
—a—*¥%iO 100% 20454 s
Ay 15% 20214 5L
EX—1) 15% 20214 5L
RUDIINZT 18% 20214 TEL
J—ARHOS54F 12.5% 20214 HL
NG 50% 20304 sl
Vs 15% 20254 7L
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h/NKARBOERR DX

IRVA 26.5% 20254 B
A4)/4 25% 20264 7L
v NAY /N 12.5% 20264 HEL
F591I7 25% 20264F (B
HI)IAIL=T 60% 20304F (B
—a2—3—% 70% 20304 B IKAIZDLNTIEK, F/NERIE (BMW) D H,

2020-20294F : 2%/ 4F

XIFA—EYY e BF Bl

N 0 i KARBIZREL-BEEXEFEELEZWLD., /KON EINDS
AXFAVE R 2030%F FL Class1TlF40~44% %= HIEEELL TS,
— oo Class I: 50% Class I: . - \
—a—Iy— Class Il: 25%,/4 20304 TL IK D FE(LIMWEKEH Class 1. 3~30MWAHClass IIZH 58,
IN—FER 75% 20324 TL
< kDC 100% 20324 L KAOFEIL. 2019FE LIERPSD X R EME LU Tier2( 259 %8,
O—KR7A452F 38.5% 20354 L 7K A E3OMWR BN R R,
INIA 100% 20454 Tl

HFT) TEREMEZEICMRIER
IEA Energy policies of IEA Countries_United States 2019.pdf p196~197 (Table 9.2)
DSIRE “Database of State Incentives for Renewables & Efficiency” http://www.dsireusa.org/ &Y. K IMDIEHR (BEH:2021FE18128)
IEEJ “KE:2019F L FHI5 DD M/ HRRABIRFIRAEIEELERPS)D5IELITEEM" https://eneken.ieej.orjp/data/8605.pdf (% H : 2021418 138)
BEEFETEEB1EE IR Y —SHEES LM RICETIATESE BN TIBEMREIRILY—BUREIRFAZE) 1(2020838) p16 (B1-4). p.17~30(F%1-13)
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H ) NREL “State Models to Incentivize and Streamline Small Hydropower Development” (20174108) p.22-37 Z&IZ/ERK
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B [E MRS (Oak Ridge National Laboratory) AY. BEfF/K AR BZEDBEHROARTUOvIL
FERE2ZE - 2FEL TS,

B EXFHFIINoDFREFTALT, FREXRFARZIRNICKET SENFARETH S,

KEOBREKDFEETYT KEDKARTUORILT YT GANIFRREF)

ENERGY
New Stream-reach Development (NSD) Potential
- by Subbasin for the United States

The 2020 National Hydropower Map

A of the ial Distribution and Cl of Of
Hydropower Plants in the United States in 2020.

Dataset |WBD) Regions
01 Now England

02.1Aid Azlantic

03 50uth Atlantic Gu¥
04.Great Labes

05 0he

06 Tenneszee

07-Upper Miszlzzpol

o

50- 300 MW
3001175 MW

) ! 3 A s, o)
A 4" X ' - .
prEvEe| ; L
~ \ 72T NSD Potential Par
\ S g WED Subbasin
5 Hydropower Plants g ) P
Size (MW Hydropowsr *Hybrld i Stocag S I N 5 . " 3
] . ) £ Enenee Pyl 3
ous 01 > a [} ° Mecturto . - 7
22 3 0 5% 0] \ i ° 5 '
= o Fo ® " .
!
.

H ) Oak Ridge National Laboratory, “The 2020 National Hydropower Map, Map of New

HFl) Oak Ridge National Laboratory, “The 2020 National Hydropower Map, Version 1” Stream-reach Development (NSD) Potential by Subbasin for the United States 1”
https://hydrosource.ornl.gov/node/242 (% H:2020F12H8H) https://hydrosource.ornl.gov/node/235 (R H:2020412H8H)
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IKAFEBZEIZITITIHODKFEZEDAEE
B0t RE@RIL, £, METRILE-ES
ZINVKARAEXERISER,

INKDRBITE T ERBUF O FR A FHE(
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a7 —2ar 0PIV HILEU R ERE,

MABRIRIILF—HEFRIFKRL. ETHDFS.,
RN BERALEICEALTENSE. IPP, A
BAREZIE,

HFr) U.S Department of Energy “2017 Hydropower Market Report” (2018448 ) p.90 (Table 7). U.S Department of Energy “Hydropower VISION” (20165E1H) p.132.

NREL ”State Models to Incentivize and Streamline Small Hydropower Development” (20174108 ) p12-21%E(Z{ERL
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B 202056 AICEBRESNIZERIRILY— SURETE (NECP)ICT. RENHEEICHDLIBIR
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KAYDBERREIRILT—HREEDHTR
FAYDERFES)EH(2018%F) (2000-2018%)
KA.

\

H AT IEA “Germany 2020 Energy Policy Review” (20204E28) , p120 (Figure 7.1) IZ=Z#AWHESC H AT IEA “Germany 2020 Energy Policy Review” (202052H) , P125 (Figure
13) IC=ZEHRPHEE

BHE. FAVIF202F AT TEROERFARETDEGEILDBEREEH TLNSH,

2018FRRTIIRFHAREOREEMN12%E 5D D,
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ST D OB50% M/ NALTJL 2.

20%MIN—T =T I)LTIoRNILOMIZERLTLNS, CNHD2DD M T, KA/ YDKDFEEDER

EEBEEDIONELHDH TS,
B EARDO7,300FEFTDKAFREFRDIE. $96,900FFTDHE

FYDKAFEBEBBAETYT

f
{ Power sources in Germany

Hydro total: 10,104 MW

S SELEE

c

H 7fr) Carbon Brief “Mapped: How Germany generates its electricity” (BE& H :202142825H)
https://www.carbonbrief.org/how—germany—generates—its—electricity
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B FAYTIETBERBEIRILE—X(EEG) IICT. BIRERBERATEHON TS,
B 2012FMEEGHWIEIZ&KY. FITHIEIZIMZ CTFIPHIENEAINT-, 2016F 18 LIEIE
RIERE100kWLL L DOF R B EHEIC OV TFIPHI ENZFFILSNT=,
B 2017FDEEGHIEIZKYKRBEGEHFIZAITENEASNTI=HD, KAOIZALRI SRR
NENTEY., 5ISHESFITHIEEIIFIPHRIENAERAINDS,

B 2020F1RFE(X. AKADI00kWLL L DFFREEICIIFIPHIE A BERAIN S, 100kWRK i
DHBREBS IV EREDORRZEDEMRIL., FITHENFIPHIEZERTIETH S,

FYOFITEBR{EE (KDDH, 2—At2k/kWh)

- HEERERE |, e
I*)L*'_IJ?\ 2017£E 201835 Eﬁﬂ%qﬁsﬁ Ejﬁg%
COSMWLLT | 1240 1234
,,,,,,, 05~2vW | 817 813
T 2~ow | 625 622
PR e | s~tow | 548 545 20% | e 00%
,,,,,, 10~20MW | 529 526
,,,,,, 20~50MW | 424 42
50MW;E 3.47 3.45

B R EEAT IS 1 EE IR LY —ERBES E L RICET I AEESZ £ BB ITA2BETRI RV —BERERTE) | (2020438)
p.105 (K4-13) M 5K D D A3k #:
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FAYTIE KARTUOvILAE M TRBICHET SN TS,
EHRBFARA—XTIEEYBA DG KANRAGINZERDITRBICIRYBENR TS,
RTUUXVIRERICEDE, KIRRAKAIZDONTIXEERF ALHEL P D, FITHRDF LKA

KA INLZJL WD
KARTFUvILTYT

Brandenbury

Miedersachzen

Berlin

= Sachzen-&nhalt
Mardrhein-vwestfalen

Ungenutzte Wasserkraft in D
0bis 4 Mwh [ kméa
Rheinland-Pfalz

4bis 10 Mwh /kmia

Sadrland

Bayern

10bis 25 Mwh /km2a

1000

iiber 25 Mwh fkm®a

£ Energie-Atlas GmbH 2001

HFfr) (£) Global Energy Network Institute Hydroenergy Potential in Germany

0

AT

“Unexploited technical potential of hydro—power”

http://www.geni.org/globalenergy/library/renewable—energy-resources/world/europe/hydro—europe/hydro—germany.shtml (& B :2021428258)

(#) HFf) Federal Ministry for Economic Affairs and Energy ”Marktanalyse zur Vorbereitung von Ausschreibungen” (201543 B ) p.49 (Figure 21),
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HFr) IEA “Italy 2016 Energy Policy Review” (20174£6 H) , P100 (Figure 6.1) 1<
ZEHRWhERT

H ) IEA “Italy 2016 Energy Policy Review” (201746 8) , P81 (Figure 5.1)1Z
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Source: IRENA Renewable Cost Database.

HFT) IRENA “Renewable Power Generation Costs in 2019” (202056 A ) p.93 (Figure5.2)
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Hi FT) IRENA “Renewable Power Generation Costs in 2019” (202056 A ) p.93(Figure5.3) . p.94 (Figure5.4)
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HFT) IRENA “Renewable Power Generation Costs in 2019” (20205E6 A ) p.101 (Figure5.8)
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Hi Ffr) Oak Ridge National Laboratory “Hydropower Baseline Cost Modeling” (201541 ) p.37, p.38 (Figure16, 17)
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Tabelle 16: Betriebskosten fur Wasserkraftanlagen nach Klassen der install. Leistung

Installierte Leistung

2 22 - €la
N 1001 200 spgpw| 1mw| 2mw| sww| tomw| 20Mw| S0 MW
] kW[  kw
" -F BE unterer Grenzfall
c S )T Instandhaltungs- e . an -
g T4 | wetven )‘/T% Bl 1440026200 55250| 90.000| 130.000| 220000 400000| S60000| 875000
]
@ -
25 J:BE mobarer Granriel {%Bﬁ% Versicherungen 1600 2660 5850 7.200| 10.000| 16.000( 28.000 42000|  70.000
m X
83 ~EEG-Vergiitung 2014
H i 12.17 SR Verwaltung 00| 1400 3250\ 6000| 12000| 24000 48000| 84000| 210.000
-
@
a §; 12,52 1241 =2 E*’_l, Migte bzw. Pacht 2000| 3500  8125| 15000| 25000| 50.000| 100000 175000| 437.500
[
28
8 10,20 Unvorhergesehenes | 2400 4200 Q750 18000 30000 G0.000( 120000 210000 525000
22 B3 T
55 a2
£ 5 —
=
z 747 m Aﬁ:ﬁ Personalaufwand 5000| 7500 13000 45000| ©0.000| 188.000| 300000 375000| @00.000
7
@
= -
5 &5t jumme laufende | 26.200| 44.460 95.226| 181.200| 297.000| 556.000| 996.000| 1.446.000 | 2.717.500
b7
kWhi{ﬁ Kosten chne Inflation 60 59 45 a0 39 232 19 13 10
(A>ILKkER) |Vl
100KW  200kW  500kW 1MW 2 MW 10MW  20MW 50 MW KWhEL{H;  |Kestenmit inflation
oI+ BN prelsinderung 81| 69 53 47 36 2,6 2,2 15 1,2
& EEER) [ct/KWh]

Abbildung 14: Vergleich von Stromgestehungskosten und Vergltung beim Neubau von
Wasserkraftanlagen bezogen auf die Leistung Pins:, Inbetriebnahme 2015

H ) Federal Ministry for Economic Affairs and Energy ”Marktanalyse zur Vorbereitung von Ausschreibungen” (201543 8 )p.32, p.35 (Figure 14, Table 16) [ZT=Z# B0
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© 2000 g i w
ISR « i N : NNE TR
500 \ 1800 + \ N8 42\9\ \ 2 \\\\\
2500 S _
. \\\ \ . \ \ N\ SN g | Tt
1600 1600 ~ f -
\\( \ \ N H =60 * N "
Jts) I~ - H=150 \ = ~ - "
e A A & 1400 H =30 ~
k& 1| H = 80 N -
1200 c L | 1500 < H=10
VRGN A B
N e N 1200 H =100 H =20
1000 Q‘\:': =~ H = 250 — é H =200 nk 2ha
. _ n ¥ 1400
800 H = 600 H =400 | 1000 | | ! 500
0 1 2 3 4 5 (& 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 o 10 20 30 40 50 60 o 80 a0 100 110 120
Maximum discharge [m?®/s] Maximum discharge [m*/s]

Maximum discharge [m?/s]

H PT) Norwegian Water Resources and Energy Directorate “COST BASE FOR SMALL-SCALE HYDROPOWER PLANTS” (20124F) p.41-43(Figure3.2.1-3.2.3)
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HFF) Oak Ridge National Laboratory “Small Hydropower Cost Reference Model” (20124E108) $ 73 (p45~51) &Y =ZF#WHFERK
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HF) U.S Department of Energy “Hydropower VISION” (20164E1H) p.22 (Figure ES-10)
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Small hydropower solutions
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Hydro Solutions
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reduction thanks to high value
integrated solutions

Our standard solutions from SMW
unit output are flexible and
versatile. They capitalize on GE's
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e

HAT) GExt™9 2 7 H A k“Small Hydro Solutions” https://www.ge.com/renewableenergy/hydro—power/small-hydropower—solutions (& H :2020410814H)

) :
o~ 2 /0 energy production
mcrease when combined
with GE's full service offering

9 5 +% plant availability

thanks to comprehensive long
term partnership

Copyright (C) Mitsubishi Research Institute, Inc.
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H ) GE#t ™9 7 H 4 k“Digital Hydro Solutions” https://www.ge.com/renewableenergy/digital-solutions/digital-hydro—plant” (% B : 20204108 148)
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B YT CNETRENTEGI o EFANANDKAREDERZIKRT 516 £REHR (A~
DEREMGEEDHE -RAENITHN TS,
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BIFREI—ED (FMYREIRILE—EXH)

H ) Federal Ministry for Economic Affairs and Energy ”Marktanalyse zur
Vorbereitung von Ausschreibungen” (2015438 ) p.60 (Figure 27)
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B EMAMBRIZDOLTIL., Voithtt A’HydroSchool E LV AM B RED =8O DHB -FL—=2F 21— %
RELTHEY. F—EVORERD AR, 1S, LG EICEAT B EF#HAL TS,

B KENRELICKAEMMBHAICEATIHAETIE, 21.9%MFEAESNTLVELEEZ, 37.5%(F
BALRNILTOMKITIKITFLTEY., ME - Bz AR RNIZIERTESLEAANERETH RN H S,

B BLDE AMBRIEKFA—D—0O B TG YMBATIRFLTORKENZEN VT LMD,

BB T0YS5L0O—F (Voithit DFHERLA) KEDOFMMBOMETTEITETHET VT

Dedicated trainings & training programs

) BC Hydro, Canada

E) Empresas Publicas de Medallin, Colombia

€ Rurdpolis & Tapajds, Brazil

€ Enel Green Energy, Brazil

B Inga, Democratic Republic of the Congo

0 Eskom Holding, Ingula, South Afmca

Pakistan Water and Fower Developrment Authority, Pakistan
a {) Dedicated training, Ausiralia

Public cours z L |—_.:|::'- il locations

0 (6] i Voith Hydro GmbH & Co. KG, Heidenheim, Germany
) Voith Hydro Ltda., 530 Paulo, Brazil
&) Vaith Hydro Private Limiled, Noida, Indsa

€ Voith Hydre Inc., Mississauga (OM), Canada
& Voith GmbH & Co. KG, Johannesburg, South Africa

HFT) Voith “Technical training for hydropower staff worldwide, HydroSchool” (2020538 ) H ) NREL "Workforce Development for U.S. Hydropower” (20174108,
p.21 (Figure 12)
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(FL4Y . DEFEEEB)
v [B#tE250~1IMWDADDTAD IR EEELTLVS,
v g/ N K D Ko TH IS A D EE D D EAEMNRIEEE Y, FANIEEIZHLERLT =,
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v Moncalierifi TIE, AR BEAAREHG AL TIRIILF—aS2=TBEEEZHIEL ., g BMIG S AT LOKBGHFEELLLICTRIL
032 = T DHRIEH TS,

(F—RAN)T7 -EREEEA)
v’ Stadtwerke MurauTI&, /MNEBK AR EF-BEEFT XX H AR ES, REIBEN T RS,

(=AM 7 . ZHREHEE)
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HiFT) Preve Construzioni “IREN ENERGIA — LA LOGGIA” https://www.prevecostruzioni.com/photogallery/iren-energia-la-loggia/ (B& R :20215F1A5AR)
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ik FmEE/INKAREDEH @Stadtwerke Murau (AF—ARJ7)

Hhigt - EXEOBE o« A—AMT7HEE., FILTADIWBIZAIET S MUurauTIRILX—4HEE
FHTEL 289N LS, MurauD A B (E#93,700 A,
KAFRERTDIRIE s RERE 45MW. RESIIAHA,

© KAKEHR. NAFIRAREZEAEHETHIETAI/OT )V ZEEL.
FEGEDFERITHIG, BAZHEMHELTS,

FlfE-BRE . iﬁiﬁﬁsx
« BHDHEHH
s EELEDRERICAIL

INKARBZEIT>=-BH - IRIGIREE
- BIDHEHE

HFf) Stadtwerke Murau “Energy supply” https://www.stadtwerke-murau.at/portfolio-item/ref _energieversorguna/ (BEE H:2021%F1H8158)

Copyright (C) Mitsubishi Research Institute, Inc. 73
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Hhigi - EEXEDOBE « FA—RAM)TERE. FILTAWUIRICEET 5%, AOE#2,300A,
- FETHSH TKREEEEICRTIEIENLEAISBHEEHRB TITo-BA
KT, BALHEHESN TULNSHF,
KAFREFDIRE . ¥EE:580FkWh, RERSILFEA,

Flax-BE « KALUSNDBEIRZESHT, AZ2=—T4EARNRILI-Y—EREZZEZEEE,
° 1’?EE.UZ70)/J1’J\

INKARBZEITo=-BH - IRIBIRE
« RKRREE~DXE

TN
N\ g

HFf) Feistritzwerke “Kraftwerk Stubenbergklamm” https://www.feistritzwerke.at/umweltkraftwerke/ (B% H:2021%1858)
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I Pumped Storage: Technology for flexible Operation

Hydraulic short circuit

KOPS 2, Ternary units

» 3 stage Pumps
* Head range 696 — 826 m

* n=500rpm
» Highlights:

and turbine

Power, turbine operation

[

Power, pump operation

= Customer: Vorarlberger lliwerke, Austria
* 3x 180 MW Pelton turbines,

* 3 x 200 MVA Generator/Motor

= Hydraulic short circuit enables variation of
input power by + 100 %

= Pelton turbines pressurized

= Designed up to 60 load changes per day

= Ramp-up time to full load < 20 sec in pump

g lﬁl

christof gertner@andritz.ch

|| = Generator/Motor

Coupling
- Pump

Turbine operation
Pump operation

Hydraulic short circuit

ANDRITL
Hydro

N G

HAT) KE L EEF“BLM Pumped Hydropower Workshop” &%1114 PSH Variable Operation 1 &Y #k#
https://www.ntc.blm.gov/krc/uploads/712/14%20-%20PSH%20Variable%200peration%20-%20Gentner.pdf (BEH :202152H25H)
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