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Hydro-Electric Power

Hoover Dam (near Las Vegas, NV)
Arch-gravity dam. Black Canyon/Colorado River.
2.1 GW, (4-10)TWh, construction 1931-1936, 
5y, $49M(1930)→$750M, >>100Ŧ



Agenda

• Hydroelectric energy resources,

– Hydrological cycle,

– Seasonal, climatic trends,

– Schematics & types of hydroelectric plants,

• Operational principles of hydro power plants, 

– Ideal fluid dynamics laws, 

– Energy & momentum transfer,

– Hydro turbine types,

• World/US hydro-electricity generation,

– Construction cost, electricity price,

– Consumption,

• Strategic issues of hydro-electric energy production, 

– ecological impact, emissions,

–  non-renewable aspects.

______________________________________

• Next topic: Power from Biomass
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Reading Assignments 
A&J Ch. 4, 5.1-5.7
LN 3.2 
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Power Generation in Impulse Turbines
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Angular Momentum Transfer in Reaction Turbines

Mass deflection → recoil momentum      → torque      

Torque speeds up turbine rotation → increased  

Exiting fluid has lost this angular momentum.
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Angular Momentum Transfer in Reaction Turbines
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Angular Momentum Transfer in Reaction Turbines
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Angular Momentum Transfer in Reaction Turbines

Angular momentum to turbine (runner) by driving fluid (water)
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Euler’s Turbine 
Equation

Power is maximized if fluid brings in maximum angular 
momentum (in=00) and carries no angular momentum on the 
way out (out=900) → tangential inflow & radial outflow.

Turbine power does not depend on many construction details 
but blade geometry → maximize angular momentum transfer!
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Reaction Turbine Blade Arrangements

Wikipedia

Francis turbine: Heads< 360 m. 
Guide vanes→ tangential injection 
→ radial out flow
“Runner”

Propeller turbines for low heads. 
Fixed blades or variable pitch. 
Schematics of power generation 
with a Kaplan turbine = high 
efficiency @all loads.

Variable 
Geometry

Kaplan



Popular Types Reaction Turbines
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Francis Turbine, radial inflow, dia 0.5- 6 m
Fully submerged, horizontal or vertical modes.
→ Axial outflow.

Popular design, versatile & useful for very 
different (mid-to-high) effective heads

Scroll Case

Pelton Impact 
Turbine

Most hydro turbines are impact or reaction type.

Draft Tube

Water Flow

Kaplan Turbine

Scroll type 
inlet tube

Siemens

Kaplan Turbine, 
axial inflow, 
variable-pitch 
propeller. Low 
head (<50m), 
high flow.

Pelton impact/impulse turbine, 
tangential flow, fixed buckets, low 
head, low/medium flow.

FrancisTurbine



Francis & Pelton Hydro Turbines
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Water Jet

Water 
Stream



Kaplan & Francis Hydro Turbine Rotors
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A  Kaplan turbine after 61 years of 
service @ Bonneville Dam (313m 
long, head 23m), Columbia River 
(US), 8 generators, Total capacity of 
558.2 MW.

Public, Wikipedia

A Three-Gorges Dam (China) 
Francis turbine runner before 
installation.



Annual U.S. Electricity Production
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TWh

US 2024 GWh Source

453.5E+03 Wind

219.8E+03 Solar

242.9E+03 Hydroelectric

781.9E+03 Nuclear

1,869.9E+03 Nat. Gas

652.2E+03 Coal

3,771.2E+03 Total

Annual Energy Outlook  AEO2024 
U.S. Energy Information Administration 
https://www.eia.gov/electricity/data/browser/

(-10%)



U.S. Capital Cost Of New Hydropower Plants
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Recent
Builds



Agenda

• Hydroelectric energy resources,

– Hydrological cycle,

– Seasonal, climatic trends,

– Schematics & types of hydroelectric plants,

• Operational principles of hydro power plants, 

– Ideal fluid dynamics laws, 

– Energy & momentum transfer,

– Hydro turbine types,

• World/US hydro-electricity generation,

– Construction cost, electricity price,

– Consumption,

• Major US and World hydro-electric dam projects,

• Strategic issues of hydro-electric energy production, 

– ecological impact, emissions,

–  non-renewable aspects.

______________________________________

• Next topic: Power from Biomass
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Reading Assignments 
A&J Ch. 4, 5.1-5.7
LN 3.2 



2023 World Operational Hydropower Plants
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World Hydro Electricity Production/Outlook
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Long history of hydropower 
use (mechanical). Now only 
hydro-electric applications

→ % of total electricity.

Recent increases (x 3) 
production mainly in China, 
South America. 
Low growth potential in 
OECD countries, used most 
resources, issues. 

World Commission on Dams (WCD) (2000): Most large hydro-electric power plants emit 
GHG during construction & operation, amounts are “comparable to fossil fuel plants of 
same capacity.” 

Submerged organic matter decays anaerobically, producing CH4 (instead of CO2)→ not actually “green & 
renewable”/sustainable.

Direct environmental impact: human & animal habitat, wetlands, river deltas, farm 
irrigation, fisheries. Catastrophic accidents (Ŧ Ŧ)

T
W

h
/a



Three-Gorges Dam (Yang-Tse)
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18 GW Power generation: 26 
turbines on left and right sides of 
dam. 2010: +6 underground turbines

Type: Concrete Gravity Dam
Cost: Official cost US$ 25 B  
(actual cost believed to be higher)
Construction: 1993 - 2009
Reservoir: 660km long, 632 km2. 
Head: 175 m.

Environmental Impact:
Positive flood control.
Submerged ~100 villages, displaced 
> 1 M persons.

Navigation: Two-way lock system 
became operational in 2004. One-step 
ship elevator.



Energy-Related Accidents in Perspective

2023: 10–11 Sept. 2023, Derna Libya: agricultural hydro accident, many fatalities, not included.
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China

China

China



Employment in Energy Technology Sector
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Political vs economic considerations: 
High labor intensity is of interest to local politics, but also constitutes 
disadvantage in economic competition. 

Quality of the labor: higher qualification of the work-force → longer duration 
of the employment → higher long-term positive externalities.

Many energy sector 
jobs are not co-local 
(engineering, design, 
financing, transient 
maintenance). 

Non-specific, i.e., 
management, 
marketing,  personnel 
can be interchanged.

Most local employment 
is during installation
200MW ➔ 500 workers



External Global Warming Effect of Hydro Dams
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Example: 1.3 GW Glen Canyon Dam, Reservoir 653 km2, 300-km long “Lake Powell.”
Continuous emission of CH4 from decay of submerged biomass contributes 70-80% of 
GWE emitted, TH=20a is not included in GWP below.

Cost of only construction materials. Includes no labor, installation or maintenance costs.
S. Pacca & A. Horvath, Environ. Sci. Technol 36, 3194 (2002)  

1.3 GW installed, CF=0.51



Hydropower Strategic Issues

1. Requires specific geographic topology (mountains, deep valleys),

2. Requires flooding of large surface area, arable soil destruction,

3. Displacement of human settlements, culture, loss of animal 
habitat,

4. Requires large amounts of water in reservoir & operation (rivers, 
precipitation),

5. Large physical plant, requires large amounts of cement, GHG 
emissions,

6. Seasonal dependence of efficiency (melting snow and ice vs. 
annual dry periods),

7. Continuous evaporation of water, GHG from reservoir,

8. Competes with agricultural, commercial, and residential demand  
of water,

9. Impedes shipping and travel on rivers,

10.Poor fatal accident record.
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Pro/Con: Avoided GHG Emissions @ Cost
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Hydro-electric power has one of the lowest estimated GHG emissions/kWh of all contemporary energy 
technologies. But continuous CH4 emission from reservoir is not included.

Estimated CO2 equivalent needed for construction of infrastructure for a 1.3 GW wind farm is 0.5∙106 t 
CO2. GHG emission is (50g/kWh) 3x higher than for wind farms.

(S. Pacca& A. Horvath, 
Environ. Sci. Technol. 36, 3194 (2002))Power Production Cost (¢/kwh) 
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Fin Hydro
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