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The Future of Energy

¢ Shale gas growth
¢ Big picture!
¢ Renewables

¢ Distributed generation



Alb. OIL & GAS: HISTORICAL FACT BASE ~ NATURAL GAS
Historically, gas flowed from the Gulf, Midcontinent and Rockies supply

regions to the eastern markets through Ohio
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Alb. OIL& GAS: HISTORICAL FACT BASE ~ NATURAL GAS
Source: American Petroeu Irsitule @7 Recent changes in North American natural gas flows have occurred as
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Renewable Energy Get:thermal
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Solar PV —Rooftop Residential

Solar PV —Rooftop C&I

Solar PV — Community

Solar PV —Crystaline Utility Scale ™ $40 I $46
Alternative Energy Solar PY—Thin Film Utility Scale ™ 536 l $44

Solar Thermal Tower with Storage £08 _ $181
Fuel Cell $103 _ $152
Seothermal §T1 - $111
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Gas Combined Cyde 244 - $74
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https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf

©CBS SHOWS +
NEWS

It's now cheaper to build a new wind
farm than to keep a coal plant
running

BY IRINA IVANOVA
UPDATED ON: NOVEMBER 16, 2018 / 8:31 AM / MONEYWATCH
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Solar Grid Edge Storage Wind More

7_wtmr_briefi...pptx

‘ Xcel Resource Planning Executive: We Can Buy New
E O Type here tosearcr < Renewables Cheaper Than Existing Fossil Fuels

Jonathan Adelman discusses how the utility is setting an example in decarbonization ahead of his
participation at the Power & Renewables Summit 2018.

SEPTEMBER 11, 2018

www.greentechmedia.com/articles/read/an-
interview-with-xcels-avp-for-strategic-resource- | .
business-planning-the-re#gs.M9DtFWIZ T
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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
http://www.greentechmedia.com/articles/read/an-interview-with-xcels-avp-for-strategic-resource-business-planning-the-re#gs.M9DtFWlZ



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

The future: US wind potential by state
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Annual wind energy

- Annual wind ener otential
potential (1012 w-hrs) gyp

R= o
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.

Source: Xi Lua, M. McElroya, and J. Kiviluomac, “Global potential for wind-generated electricity,” Proc. of
the National Academy of Sciences, 2009, 1


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

Contiguous US annual wind Multiples of
energy potential , 10> wh Total US Energy
Consumption*

Offshore, 0-20 meter 041
Offshore, 20-50 m 072

Offshore, 50-200 m 075



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

This Is Where We Live

Take a look at America by the numbers. 80% of the U.S. population lives in a
metropolitan area. Top five
Roll over the map to learn morex» population centers are numbered
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Estimated Average Annual Wind Speeds

Typical average wind speeds on well exposed sites at 50 m above ground

lowa Energy Center, 2521 Bwood Orive, Sute 124, Ames, WA S0010-8263
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Thiz map was generated from data
collected by the lowes Wind Energy
Inztitute under lowa Energy Center
Grant Mo, 93404-02. The map was
created using a model developed
by Brower & Company, Sndover,
Rl 2,

Copyight @ 19397, lowa Energy
Center. &l rightz reserved. This
map may nad be republished
without the wwitten consent of the
lowa Energy Center,




W News Article: Wind Xl project pc X G Distributed generation vs central X ‘ +

&« > C & https://www.midamericanenergy.com/news-article.aspx?story=858

MlDAM!RICA" 888-427-5632 AboutUs Newsroom Careers ContactUs Customer Login
ENERGY COMPANY n What can we help you find?

Otsessively Felentesdy At Your Service~

My Account Customer Service Rebates | Energy Savings Qutages | Storms Safety Renewables
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sewareofscams  IMiIdAmerican Energy News

Fact Sheets Wind XII project positions MidAmerican Energy to hit 100 percent renewable
Media Contacts

goal
Multimedia Gallery

Get News Updates DES MOINES, lowa - (May 30, 2018) - MidAmerican Energy Company will be the first investor-owned electric
utility in the country to generate renewable energy equal to 100 percent of its customers’ usage on an annual
basis, upon completing its newest proposed wind energy project.

MidAmerican Energy proposed an additional investment of $922 million with the announcement of its Wind
Xl project that will be formally filed with the lowa UtilitieE Board later today. The project, if approved, is
expected to be completed in late 2020. Over the past three years, MidAmerican Energy has moved forward
with its previously announced Wind XlI and repowering projects, that when combined with Wind XII, will
provide customers with 100 percent renewable energy on an annual basis. And, like MidAmerican’s previous
wind projects, Wind XlI will be accomplished without the need to ask for an increase in customers’ rates.

UniAberdeen_Frac...pdf ™ Show all

O Type here to search
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 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

: 1. Isall PValso DG? 6. Isall utility-scale PV owned
Questions: 2. Is most rooftop PV also DG? by utilities).;
3. Does all PV have the same LCOE? 7 Is all DG renewable?
4.  Does all rooftop PV have same LCOE? 8. Ismostwindalso DG?
5.  Are all dist systems having DG also microgrids?



The Electric Power + Energy Systems Group has excellent series of
courses to prepare you for an exciting career....

EE 201
EE 224 EE 303, EE 230
Energy systems &
EE 324 power electronics

EE452, EE 455, EE 456, EE 457, EE458, [EE 459,

Electric  Distribution Power Power Economic  Wind
machines  systems Systems  Systems systermns  Energy
& drives Analysis| Analysis Il for electric

power

planning v



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 (aicoa, DuPont,...)

Power marketers: 400 (e.g., Cinergy, Mirant, lllinova, 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, ...
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