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What Nature Gives Us | Geographic Fuel Variability
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What Nature Gives Us | Runoff Variability
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What

Cumulative Daily/Monthly Precipitation (inches)

Nature Gives Us | Annual & Seasonal Fuel Variability

Northern Sierra Precipitation: 8-Station Index, February 28, 2023
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US Hydropower Capacity and Generation

Historical trends in Capacity and Generation

Average Drought Conditions in the Contiguous 48 States, 1895-2011
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Data source: NOAA (Mational Oceanic and Atmospheric Administration). 2012. National Climatic Data Center.
Accessed January 201 2. www.ncdc.noaa.gowv/oa/mcdc htmil.
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US Hydropower Capacity and Generation

Historical trends in Capacity and Generation
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What Nature Gives Us | Runoff to Generation
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Planned 2023 U.S. utility-scale electric generator additions
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How Hydroelectric Power Is Harnessed

= Elevation difference creates head pressure and water motion.
= Created by natural geography or by dams.

Photo courtesy of Voith Hydro
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Convert the Potential Energy of Water at Elevation to
Kinetic Energy Delivered to the Turbine

e Elevation difference (head) creates the water flow
e Turbines are used to convert hydro into electrical energy

Power|= f (Head, Discharge, K,)

Q, Discharge or flow drives
output of the plant

H, Head drives type of plant
K., energy losses
(hydraulic, mechanical,
electrical)

Graphic courtesy of Voith Hydro
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Conventional Hydro
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Conventional Hydro
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Conventional Hydro
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Conventional Hydro | Run-of-the-River

intake weir and

settling basin
channe-l I
)\\‘ :|- P
fﬂFEbiEIjl' tank

- -\"'-.. I
\.\ R —,

B | VoS
\‘-\-‘\Iﬁ-\_\_\_\__l'l//
l |
I.__ ..—-="._'_"-'.JI I'I"'"Jf_.*, _‘l\\}“
| T ®, T, oy
:_:'_-'-"-' B -l:";-‘l;l-'_:l' % L
l._ = "*-.E:..'ﬂl_.-" :.} \ -

power house
containing turbine
and generator .

22



WATERPOWER JULY

HYDRO BASICS 15_16 2024 COLORADO CONVENTION CENTER

DENVER, COLORADO

turbine basics



Efficiently Convert the Kinetic Energy of Head x Flow to Rotational Energy

(Inertia) with the “right” Turbine

Pelton turbi Graphic courtesy of Voith Hydro

nes
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Francis
turbines

Pressure Head

des Kaplan turbines s _
s Bulb turbines

Specific Speed = function of flow and turbine characteristics
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Turbine Types

Francis Turbines
= Mid Head
= Mid Flow

Head race

Pelton or Impulse Turbine
= High Head
= Low Flow

Tall race




Turbine Types

Vertical Axial Flow Turbines Horizontal Axial Flow Bulb Turbine
= Low Head nopzonta A

Head race

Head race

Tail race
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Vertical Axis Generator
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Horizontal Axis Generators

Hooped Pelton Runner
Patented by GE, it minim
fatigue stress, vibration a
replacement costs as well: 3
increasing maintenance
intervals.

Advanced Ventilation: -
Minimizes fosses ang=="
maximizes effcienicy.

Optimized Manifold
For ‘mproxe%etquality
and runner efriciency.

Micadur*
(Duritenax™ in North America)
insulation technologies.

Pole Claws
Highly reliable pole claws
thanks to advanced testing
and calculation.

Water Cooled Stator
Uses stainless steel strands
to increase reliability. No
leakage, no oxidation, no
blockages.

nce-free system
ents loosening of
ponents, thus
ng reliability. Bushings
shings
bd for

ubricants.

Esing

ents

ity.

/] 1 igh speed generator at 500 MVA and 429 rpm for Bieudron, Switzerland

ner pole for hydro aenerator 36 MVA per pole for Bieudron, SW|tzerIand

/
y
i
\
Q /1‘ Oil-Free Hylfs

P Use watgrinstead of
P § petroeim-based lubricants.

(lque Elements —S=— V:Shped Stator
Maintain the circular / Frame Elements
shape of the rotor fd Ensures concentric stator core,

therefore the ¢ centnaty provides uniform air gap, and
of the an\gap revents buckling of core
ammations

Over 400 Bulb units installed worldwide

-The world's most powerful bulbs working on the Rio Madeira
Bulbs under development to further increase unit ouput

\



Hydro Pumped Storage
Motor-Generator/Pump-Turbine (typical configuration)
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Photos & Graphics courtesy of Voith Hydro

“Impeller
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Pumped storage
plant

Hydro Power for Energy Storage
Pumped Storage

. Switchyard
l'/ - ”

c;f‘.’,_\‘ '~ Ny ' ‘\"\, ,‘c:k
v '
; . Reservoir

Plant & Reservoirs
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ELEVATION (FT)

Operational Schematic | Pump Mode — Beginning of Cycle (1 of 2)

Kilowatts in from Gen-Tie
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ELEVATION (FT)

Operational Schematic | Generation Mode — Beginning of Cycle (1 of 2)

Kilowatts out to from Gen-Tie
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Industrial Power Plant
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The Duck Curve: What is it and what does it mean?

Net load - March 31

QS'W 1 74 ” 0
Local” solar generation depresses

26,000 +- _GRID provided generation

24,000 +

N
8

20,000 |
S\
.
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Department of Market Monitoring — California ISO

March 2023

Figure 1.4 Average hourly generation by fuel type (Q4 2022)

Average hourly generation (MW)
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California I1ISO 2020 Summer Loads and Resources Assessment

Appendix A: 2019 Summer Supply and Demand Summary Graphs

September 2019 CAISO Actual System Daily Peak Demand
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“A tale of two heat waves”

Heat wave in California (CA)

Mid-June 2021

Heat wave in Pacific Northwest (PNW) |

End-June 2021

CA'load peaked on June174£2021;
. o — p—— el o 4 -

PNW load peaked on June 28, 2021,

CA exports to PNW in high summer,

MW
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Figure 1.7 Quarterly average of maximum daily generation outages by type — peak hours
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Multiple Uses / Multiple Benefits

Dams and Reservoirs provide other attributes than power

Recreation

Drought Mitigation
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Environmental Considerations
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Fish Passage

" Hydroelectric dams can impede migrating fish.
= Several methods are used to divert fish
around the turbines.

Surface Water Fish Diversion
Collector Screens

Spilling

48



Key Factors Influencing Survival

Reducing Fish Entrainment
= Escapable approach velocities
= |nlets positioned in lower fish density zones
= Use fish-friendly deterrents and screening systems

Reducing Fish Injuries
= Consider fish size when designing turbine
= Require smooth concrete and steel surfaces
" |mproving water quality (DO)

49



Dissolved Oxygen Enhancement

Aeration improves water quality by increasing DO levels
air introduced into the water passing through turbine

. - o
3 oo LR N ~ t % < e S
. "“ ‘e ) N R » X 4 w
i ;5'! P’“ XY _"ﬁé‘éh..-'o S P = el . R

two-phase mixture causes oxygen to pass from higher to lower

concentration (gas to liquid)
Restore tailrace DO levels to 4-6 mg/liter
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Aeration Techniques Within Turbine

Distributed Air —

Vacuum Breaker —m=

water

CentrII Air

s

v
Peripheral

Air

>

DE

AN

DEF

LDR

U

air/water mixture

v

water
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'/"' PLIT™Y

Advanced Fish Friendly Turbine

LV
e

TR e “ad

Conventional Design SPHERIC
| DISCHARGE ¢
RING INSERT
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Qil Free Turbines

Oil-less and greaseless designs can be combined with Fish Friendly
Kaplan turbines to reduce water contamination.

Oil-less water filled Kaplan hub

Wicket Gate
Bushings

QOil-less Hub

Photos& Graphics courtesy of Voith Hydro
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Instream Flow

intake weir and
settling basin

channel

m\_ﬁ

power huuse

containing turbine E //’;

and generator -~ 11’. _._ )( f)f)‘

e
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Minimum Stream Flow

— Some multi unit plants have had one unit redesigned to pass much
smaller flows.

— Others utilize small standardized units for cost effective solutions

55
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Developing Hydropower Technologies

Ocean / Tidal

= \Wave
= Current
= Thermal

In Stream
= Current
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Developing Hydropower Technologies

Tidal Dam

= Sea water flows into (and out of) a natural basin
= Dam creates head
= Classical hydro technology
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Developing Hydropower Technologies

Tidal Current
= Kinetic energy of the periodically returning tides is harvested
= Tidal current plant is a dam-free
free-flow hydro power plant

Graphics courtesy of Voith Hydro

59



Developing Hydropower Technologies

Wave
= Wave motion - buoy

Oregon State University
Conceptual'WWave Park

P

" Y 4-2 miles offshore -

secured to
heaving buoy

Permanent Magnet
Linear Generator Buoy.

Courtesy Aquabuoy system
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New Hydropower Technologies

Wave
=  Wave surge compressing air as it runs through air turbine

riving force

V\%&g@n

A Voith and Siemens Company

Mutriku’s harbor_Bre‘skwater
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Developing Hydropower Technologies

In Stream / Hydro Kinetic
= Kinetic energy of the current is harnessed

-,

Courtesy of Hydro Green Energy, LLC Project at Hastings, MN Hydro+™,

62


http://www.hgenergy.com/hydro.html

Current Issues — The Grid

Wind, Solar and Hydro Integration

When the wind is not blowing or the sun is not shining, pump
storage can act as a large battery.

= Reserves
= Frequency regulation
i Hz
f
I + 49.98
idE
M § 49.96
L |§
- T
49.94
W - [ minutesreserve |
o P | Secondary control ]
] e o f‘“ B ¢ [___IPrimary control
| o 49.92 .
1SS Y " il *\I 0 2 4 6 8 10 12 14 16 min
— Wochentage (1 =Montag) | Tlme 4*’
Energy Frequency Storage
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Google

california electric car mandate

X & @& Q

News End Images Videos Shopping Books Maps Flights Finance

About 7,940,000 results (0.41 seconds)

Yes. California is only requiring that all NEW cars sold in 2035 and
beyond are zero-emission vehicles which includes battery electric
vehicles, plug-in hybrid electric vehicles and fuel cell electric vehicles.

CA.gov
N

https://ww2.arb.ca.gov : resources » documents » cars-a...

Cars and Light-Trucks are Going Zero - Frequently Asked ...

@ About featured snippets @ Feedback

People also ask :

Is California outlawing electric cars?

CALIFORNIA’S ELECTRIC VEHICLE MANDATE
COULD SPREAD NATIONWIDE

T A ,‘\ CANADA

HOUSING

California Ban on Gas Appliances
Starts With Jan. 1°All Electric’ Rule

0

P
B\
By

iblis

hed 7 months ago on December 16, 2022
' Nancy Price, Multimedia Journalist

(AP File Photo)




You’re Gonna Need...

Electricity Sources Changing

Renewables are set to rise a lot while coal and gas are set to drop

according to the latest short-term outlook from the Energy Information

Administration.The following shows percentage shares of the different .
electricity sources. B V| deOS

U.S.NET ELECTRICITY GENERATION BY PERCENT
For all sectors, 2013-2022, plus forecast

#¥ COAL NATURAL GAS . NUCLEAR " RENEWABLES
50%
45%
40%| 39%

35% \

30%

25% o 26%

o e
e
«w:i;/h':'.':'nln‘v‘l}l }%

<
§
:
@
2l
2
§
g

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023*2024*
*Forecast

NOTE: Renewables includes EIA categories of ‘conventional hydroelectric”and “other renewables.”

SOURCE: U.S.Energy Information Administration PAUL HORN / Inside Climate News

Jaws (1975) - You're Gonna Need a Bigger Boat Scene (4/10 ...
YouTube - Movieclips - Jun 16, 2011




We’re Gonna Need...

Increased hydro capacity meeting future demand by

» upgrading existing hydro stations and leveraging existing
infrastructure

* |ncreasing unit availability by decreasing unit forced outages and
planned maintenance outage durations
Increased energy storage capacities by
" recognizing the economic value of pumped-storage hydro
storage/ancillary services and high-capacity battery lifecycle
Faster reacting generators and turbine by

* integrating technology and machine design

Faster reacting electric grid protection systems by

» jnstalling faster cyber-secured communication systems and devices
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" National Hydropower Association
http://www.hydro.org

" Federal Energy Regulatory Commission

http://www.ferc.gov/industries/hydropower.asp

" Canadian Hydropower Association
https://canadahydro.ca

= HydroWorld

http://www.hydroworld.com/index.html



http://www.hydro.org/
http://www.ferc.gov/industries/hydropower.asp
https://canadahydro.ca/
http://www.hydroworld.com/index.html
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