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The Future of Energy

 Shale gas growth 

 Big picture!

 Renewables

 Distributed generation
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Shale gas growth

Hydraulic 

fracturing
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LightDuty:  61%

Freight:       28%

Aviation:     11%

US Energy View: 2017

https://flowcharts.llnl.gov/

The Big Picture!
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Renewable Energy

Solar

Tidal

Geothermal

WIND
HYDRO

Grand Coulee Dam, 

Columbia River
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LCOEs from Lazard’s (unsubsidized, 2018)
https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf

Levelized Cost of 

Energy ($/MWhr)

Annualized Total Cost (Invest+O&M) 

Average Annual Energy Production (MWhrs)
=

https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf
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https://www.cbsnews.com/news/its-now-cheaper-to-build-a-new-wind-farm-than-to-keep-a-coal-plant-running

www.greentechmedia.com/articles/read/an-

interview-with-xcels-avp-for-strategic-resource-

business-planning-the-re#gs.M9DtFWlZ

https://www.cbsnews.com/news/its-now-cheaper-to-build-a-new-wind-farm-than-to-keep-a-coal-plant-running
http://www.greentechmedia.com/articles/read/an-interview-with-xcels-avp-for-strategic-resource-business-planning-the-re#gs.M9DtFWlZ


9

Wind

http://americanhistory.si.edu/csr/powering/images/gallry47.htm
http://americanhistory.si.edu/csr/powering/images/gallry49.htm
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Source: US DOE, 2017 Wind technologies market report, 
https://www.energy.gov/eere/wind/downloads/2017-wind-technologies-market-report

• 14 of top 20 are in the 

interior of the nation. 

• Top 3 coastal states are 

West. 

• East coast is light on 

wind but heavy on load.

• Implication?

3 options for East coast 

use of wind:
• Build high cost inland wind, 

• go offshore, or 

• use transmission to move it 

from Midwest 

Where are US wind turbines today?

https://www.energy.gov/eere/wind/downloads/2017-wind-technologies-market-report
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The future: US wind potential by state

Source: Xi Lua, M. McElroya, and J. Kiviluomac, “Global potential for wind-generated electricity,” Proc. of 

the National Academy of Sciences, 2009, www.pnas.orgcgidoi10.1073pnas.0904101106. 

Annual wind energy 

potential (1012 w-hrs)
Annual wind energy potential 

R=     -----------------------------------------

2006 state annual  retail sales

States with high production and R-ratio have high export potential 

(Montana, Dakotas, Wyoming, Nebraska, Kansas)

Analysis assumes (a) only sites having capacity factor > 20% included; (a) loss of 20% and 10% of 

potential power for onshore and offshore, respectively, caused by interturbine interference, (c) 

offshore siting distance within 50 nm (92.6 km) of  nearest shoreline.

http://www.pnas.orgcgidoi10.1073pnas.0904101106/
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The future: US wind potential

Source: Xi Lua, M. McElroya, and J. Kiviluomac, “Global potential for wind-generated electricity,” Proc. of 

the National Academy of Sciences, 2009, www.pnas.orgcgidoi10.1073pnas.0904101106. 

Contiguous US annual wind 

energy potential , 1015 wh

Multiples of

Total US Energy 

Consumption*

Onshore 62 2.12

Offshore, 0-20 meter 1.2 .041

Offshore, 20-50 m 2.1 .072

Offshore, 50-200 m 2.2 .075

Total 68 2.321

Total US Energy consumption across all sectors is 100 Quads: 

whE
kwh

wh

BTU

kwh

Q

BTUE
Q 153.29

1000

3413

151
100 

http://www.pnas.orgcgidoi10.1073pnas.0904101106/
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Where do 

we live in 

the US?

Where in the 

US are the 

economically 

most attractive 

electric 

resources?
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100% Renewable?
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Distributed Generation

• PV: Solar photovoltaic.

• Microturbines: Gas-fueled small-sized generation, normally CTs.

• Rooftop PV: PV located on roofs of residential, commercial, industrial bldgs.

• Groundmounted PV: PV located on the ground.

• Utility-scale PV: A large-size PV plant, typically >> 1MW, usually ground-mounted

• Community solar: A small, utility-scale PV plant financed by a local customer group.

• DG: Generation connected at the distribution system (<34.5 kV). Can be any 

technology but normally PV or microturbines.

• Microgrids: Portions of the distribution system that can operate in isolation

Centralized 

Gen

Distributed 

Gen

Questions:  
1. Is all PV also DG?

2. Is most rooftop PV also DG?

3. Does all PV have the same LCOE?

4. Does all rooftop PV have same LCOE?

5. Are all dist systems having DG also microgrids?

6. Is all utility-scale PV owned 

by utilities? 

7. Is all DG renewable?

8. Is most wind also DG?
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The Electric Power + Energy Systems Group has excellent series of 
courses to prepare you for an exciting career….

EE 303, 
Energy systems &
power electronics

EE 452,
Electric

machines
& drives

EE 455,
Distribution

systems

EE 456,
Power 

Systems
Analysis I

EE 457,
Power 

Systems
Analysis II

EE 458,
Economic
systems

for electric
power 

planning

EE 201

EE 224 EE 230

EE 324

EE 459,
Wind 
Energy
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For whom might you work? (below - mainstream comp only)

• Investor-owned utilities: 239 (MEC, Alliant, Xcel, Exelon, …)

• Federally-owned: 10 (TVA, BPA, WAPA, SEPA, APA, SWPA…)

• Public-owned: 2009 (Ames, Cedar Falls, Dairyland, CIPCO…)

• Non-utility power producers: 1934 (Alcoa, DuPont,…)

• Power marketers: 400 (e.g., Cinergy, Mirant, Illinova, Shell Energy, PECO-
Power Team, Williams Energy,…)

• Coordination organizations: 10 (ISO-NE, NYISO, PJM, MISO, SPP, ERCOT,
CAISO, AESO, NBSO)

• Oversight organizations:
• Regulatory: 50 state, 1 Fed (FERC)
• Reliability: 1 National ((NERC), 8 regional entities

• Manufacturers: GE, ABB, Toshiba, Schweitzer, Westinghouse
• Consultants: Black&Veatch, Burns&McDonnell, HD Electric,…
• Vendors: Siemens, Areva, OSI,…
• Govt agencies: DOE, EPA, Labs,…
• Professional & advocacy organizations: IEEE, IWEA, …


