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Today’s Articles...

Will President Obama’s
Clean Power Plan Fly?

By Ken Silversiein
President Obama and his EPA are now taking public
comments on the Clean Power Plan — the proposal to
reduce carbon dioxide emissions on existing coal-fired
power plants by motivating investments in new
technologies or entering into regional cap-and-trade programs. It's a rule-making that
has raised the ire of Republicans, who feel the Democratic administration has gone too
far. But it's one that raises the hopes of others, who say that it will spur utilities to
build or invest i cleaner alternatives. Just what fuels benefit from this? Natural gas 1s
obvious winner, although nuclear and renewables are also fighting for a greater slice
of the electric generation pie. READ MORE

U.S. solar capacity grows sharply, nears the 16 GW mark

New capacity is a mix of residential and utility-scale solar

September 5, 2014
by Barry Cassell

According to GTM Research and the Solar Energy Industries Association’s
(SEIA) Q2 2014 U.S. Solar Market Insight Report, the U.S. installed 1,133 MW
of solar photovoltaics (PV) in the second quarter of this year.

The residential and commercial segments accounted for nearly half of all solar
PV installations in the quarter, the association noted in a Sept. 4 statement.
The residential market has seen the most consistent growth of any segment for
years, and its momentum shows no signs of slowing down.

Across the U.S, cumulative PV and concentrating solar power (CSP) operating

capacity has eclipsed 15.9 GW.



US Energy: Political, social, technical tensions
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Infrastructure view: Multi-sector (fuel, electric,
transportation), continental, long-term planning
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Observations: efficiency

1. Overall efficiency:
 Electric gen: 12.4/38.2=32.5%
 Transportation: 5.66/27=21%
2. Technology efficiencies:
« Electric gen:
» Thermal: 35%
»  Wind: 80%
« Transport:
» |ICE: 17% (tank to wheel)
» EV:. 80% (plug to wheel)
3. Total US energy need:
« Today: 97.4 Quads
« 100% wind electric/100% EV for LDV: 61.5 Quads



Observations: least-cost technologies are
inland wind & NGCC

Levelized Annual Revenue Requirements
Average Annual Energy Production

LCOE =

Solar PN—Crystalline Rooftop = 5149 3204
Solar PV—Crystalline Utility Scale ™ 368 $o1 $104
Solar PV—Thin-film Utility Scale (4 364 $89 $00
Solar Thermal (= $125 3164
Fuel Cell * 3109 $206
Microturbine # $102 $135
Geothermal 389 $142
Biomass Direct 527 $11o

—
I Wind $45 $95 21550 |
Loy CLENICY - u;:'.ﬂ

_____________ Battery Stocage ® | $216 $329

Diesel Generator $297 3332
Gas Peaking 179 $230
e’ $95 s141™ $154
MNuclear ” $s6  $115= $122
Coal ™ S5 $145
I Gas Combined Cycle 361 587 F127= I
30 £50 S100 £150 £200 $250 £300 £350

Levelized Cost (3/MWh)
Sowrce:  Lazand estimarer.

MNote: Assumes §0% debt at 3%% interest rate and 40%% equity at 12% cost for conventional and Alternative Energy generaton technologies. A
As many have argued, ourrent solar pricing trends may be masking marterial differences between the inherent economics of cerain ype
Denctes distributed generation technology.

Analysiz excludes integration ecosts for intarmirtent technologies. A vadety of smdies supgest integration costs manging from $2.00 to $10.00 per MWh.

Low end represents single-axis tracking. High end represents fxed-tilt installation Assumes 10 MW system in high insclation jurisdiction (g, Sonthwest 17.5.). Not directly comparable for baseload.
Diamonds represent estimated implied levelized cost of energy in 2015, assuming $1.50 per watt for a crystalline single-axis tracking system and $1.50 per watt for a thin-flm single-axis tracking system.

sumes Powder River Basin coal price of $1.99 per MAMBm and natural pas price of $4.50 per MMBra.
of thin-film technologies and crystalline silicon.

() Low end represents single-axis tracking. Fiioh end represents Gxed-tilt installation Assumes 10 MW Sxed-tir insrallation in high inscladon jurisdiction (e.g., Southwest T7.5).

(=) Low end represents solar tower withour storage. High end reprassnts solar tower with storage capabilicy

&) Represents estimated midpoint of levelized cost of ensrgy for offshore wind, assuming a range of $3.10 — $5.00 per wart.

o Estimates per National Action Plan for Energy Efficiency; actaal cost for varions inftiatives vades widsly. Estimates involving demand response may £ail to account for opportunity cost of forsgone consumption.

) Indicative range based on current and future stationary storage technologies; assumes capital costs of §400 — $750/KWh for 6 hours of storage capaciry, $60/AMWE cost to charge, one full cycle per day (full charge and dischargs), efficiency
of 66% — 75% and fixed O8I costs of 35 o 520 per KWh installed per year.

Low end represents continnous operation. High end represents intermittent operation Assumes diesel price of $4.00 per gallon

High end incorporates 90% carbon caprure and compression. Does not include cost of transportation and storage.

Represents estimate of current 17.5. new IGCC construction with carbon captire and compression. Does not include cost of transportation and storage.

Does not reflect decommissioning costs or potential economic impact of federal loan guarantees of other subsidies.

Represents estimate of current 17.5. new nuclear construction.

) Based on advanced supercritical pulverized coal High end incorporates 90%% carbon capture and compression. Dioes not include cost of transportation and storage
=) Incorporates 9034 carbon captore and compression. Does not inchnde cost of transportation and storags.

[N

Lazard’s levelized cost of energy analysis- Version 7.0, August 2013, available
0 http://gallery.mailchimp.com/cel7780900c3d223633ecfab59/files/Lazard Levelized Cost of Energy v7.0.1.pdf
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Observations: inland wind vs natural gas?

Yellow Is winner

Overall cost (see last slide) Low Low
Fuel production - land None Some
Fuel production - water None Much
Fuel production— GHG emissions None Some (methane)
Fuel transport - land None Some
Fuel transport— public resistance None Some
Power plant - land Some Some
Power plant - water None Much
Power plant — CO, emissions None Some
Power plant - other Batsand birds None
Electric transmission - land Much Some
Electric transmission— public resistance Much Some

Futurerisk (see next slide) Little Much

1
1



Observations: inland wind vs natural gas?

Risks of heavy gas portfolio:
1. Gas price goes up due to
« gas demand increase:
pwr plnts, trnsprtn,
exports
 gas supply decrease:
gas depletion will occur
but may happen sooner
due to fracking impact:
=>water/earthquake
2. GHG-Iinduced climate
change occurs rapidly re-
quiring gas use reduction

Risks of heavy wind

portfolio:

1.

Climate change
reduces wind speeds

2. Major bat/bird impact
3.
4. NO new transmission

LCOE Increases

[N



Observations: do renewables need gas?

* Wind/solar need flexibility, provided by:
« Demand side control
« Wind and solar control
e Storage
 Hydro
« Transmission:

» Geo-diversity of wind & solar
» Regulation/contingency reserve sharing

« Combustion turbines

« Natural gas combined cycle units:
 motivated by GHG constraints to provide energy
* not arenewable need
* to what extent should NGCC grow?

13



Observations: Electric sector gas growth

Electric energy generation by fuel, 1990-2040 (trillion kW-hrs)

& History 2012 Projections
5
- . o

a This is energy:; Natural gas KSIsyE

- therefore mostly NGCC
3 : - - =G = 16%
> Nuclear RgESNE
1 (ol =1l 32%

Oil and other liquids

O = By 1%
1990 2000 2010 2020 2030 2040

US Energy Information Administration, “Annual Energy Outlook 2014: Early Release Overview,” available
http://www.eia.gov/forecasts/aeo/er/pdf/0383er(2014).pdf.

14
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US Energy Future: Principles & Approach

Three principles:

1. Minimize cost

2. Minimize GHG

3. Increase resilience and adaptability:
diversify and interconnect

Approach:

1. Electric generation portfolio:

a. Maintain NGCC fleet (but do not grow it)

b. Grow wind, solar, deep geothermal, nuclear

c. Grow US hydro (65GW potential™®)

d. Grow Canadian hydro (163GW potential total, 68GW in south®)
2. Passenger transportation:

a. Diversify energy sources:
 increase use of CNG (LDVs) & LNG (freight)
b. Diversify modes: build high-speed rail

3. Build transmission
) nen | |

15
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Light-duty vehicles and generation costs

Passenger Vehicles

Electric generation ($/kW)

Yearl Year 20
Gasoline $24,000 $24,000
Conventional Hybrid $28,000 $26,000
Plugin Hybrid,20m $35,000 $31,000
Plugin Hybrid,40m $41,000 $34,000
Plugin Hybrid,60m $50,000 $36,000
Battery Elctrc,100m $45,000| $35,000
Compressed Nat Gas $27,000| $27,000
Gasoline $3.80/Gallon
Natural gas S3/MMBTU

Both increase 1.25%/year

16

Coal 2844
IGCC 3221
NGCC 1003
Gas Turbine 665
Nuclear 5339
Onshore Wind 2438
Offshore Wind 5975
oil 1655
IPCC 3311
Solar PV 4755
Solar Thermal 4692
Geothermal 4141
Tidal Power 18286
Oceanic Thermal 6163




Design: natural gas (NG) & light-duty vehicles (LDV)

2501 Gen portfolio

20007

G W 1500
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500 |

0

30 LDV portfolio, No
CNG Case o
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Million Vehicles
Million Vehicles

0 5 10 15 20 25 30 35 40
Year

o
o

5 10 15 20 25 30 35 40
Year

=» Total 40 year cost is 8% less for the 50% CNG case.
=>» Total 40 year CO, emissions is 2% less for the 50% CNG case.

17 =>\We obtain desirable diversification while improving cost & emissions.



Design: High-speed rail (HSR)

« Long-distance travel only: 95 state-state + 140 additional heavily-traveled routes
* Possible travel modes are highway, air, HSR
* Travel time penalized 24%/hr for all modes in optimization but reported separately

-
- ~\

-

’ ~
Attribute No HSR With HSR .
HSR penetration (%) 0 J 30.5 N\
Total Cost (T$) 11.61 ! 11.15 ‘\‘l
_Emissions (e10shorttons) | . 259 [ 25L(81%) \
Gasoline (E+3 MGallon) 29.84 \ 19.92 (-33.2%) !
Jet Fuel (E+3 MGallon) 320.55 Vo 211.25(-34.1%) )
Electric Energy (E+6 TWh) 194.23 \ 10824 (+2.06%) /'
Cost Savings (BS) Reference No 460

Pass-miles/year
® - 60 Million

@ 20 60 Million
@10 - 20 Million
@ 3- 10 Million
o 3 Million

18 Our Results DOT Designations




An interregional transmission design

This Is Where We Live
Take a look at America by the numbers,

High-capacityinterregional
transmission is motivated by high - o T L
renewable penetration because... MAH W e
* Locationdependence. P T

* Renewable energy can be moved e

only by electric transmission.

 Transmission costs comprisea ' =
relatively small percent of long- | =
term electricinfrastructure cost.

= Wind
Solar }
Geothermal

Off-share Wind

19



Design result

800kV DC lines supply Major Investments
SW, where Ilimited around Great Lakes,
renewable resources consistent with MISO-

are available. MTEP2010 results

| Investments in PIM &
_~«SERC moves renewable
', gen to load centers.

ol = = 765VAC i 3
500KV AC N Vs ¥ SR
+/-600KV DC \ R o
+/-800kV DC T \
T i | L f A - L — 5
Interconnected near SPP.
EXISTING LINES ‘
1 kit- 3 it i 345-499 kV
Year Tech From To Lir?;fa 15:15&5 C?g%ﬁr 4’30‘:1_%?13) " 500-699 kv
1T 765 CI  PIMI 16 1712 6873 64914 sl e
11 800 MISO2 CI 12 1344 72 27.362.9 i Texas (ERCOT)
26 765 PIM1  PIMS 21 3885 6230 140533
26 765 MISO2 PIM1 19 3344 3854 12.824.9 20




Design: interregional transmission

m Trans Inv Cost
6 m Gen Inv Cost
B Gen Prod Cost

High Inland High Offshore High Solar High Geothermal
Wind Wind

w

NN

w

Cost (Tillion§)

N

[y

Transmission lowers total cost and provides 2 more benefits:
* resilienceof energy prices to large-scale events;
« planning adaptability.

21




Microgrids and Distributed Generation?

 99% of Wind is not DG

» Utility-scale solar is not DG

« Solar thermal is rarely DG

« Whatis DG? Generation connected “close” to load.
* Rooftop solar
« Gas-fired micro-turbines
» Other forms (small hydro, small biomass)

]

Motivation: Enhance reliability, give autonomy, avoid ‘big

A very high DG future will reduce need for transmission
and likely favor solar over wind.

Do people decide entirely based on economics?
* Orare people’s choices motivated by other influences?

22



Computational Models

There is need to centrally design, at the continental

level, interdependent infrastructure systems:

1. Economies of scale (still) motivate centralized designs to avoid
Inefficient infrastructure investment;

2. Interdependencies are numerous; building without capturing
them leads to inefficient infrastructure investment.

3. Infrastructure lives for 50 years or more, and climate impacts
take decades to turn;
=>»free markets are too short-term to adequately respond, and
the consequences of getting it wrong are potentially severe.

Computational models are our means of developing,
testing, assessing our designs.

23



Public Education and Policy

*2006 survey. #2009 survey (women): +2011 survey:
What is the impact of 67% identify coal power plantsasa 59% did not know hydro
nuclear power plants on big cause or somewhat of a cause of is our leading renewable
CO, emissions? global warming, 54% think the resource for electricity

80% got it wrong same about nuclear energy;
43% don’tknow that coal is the ++2013 survey:

largest source of US electricity. 60% (in Texas!) did not

know what hydraulic
fracturingis.

**2008 survey:

Which costs more today: ##2003. 2007 survey:

electricity from wind turbines ~
For both survey years, “People see

or electricity from coal-fired )
plants? alternative fuels (hydro, solar,
8294 said coal wind) as cheap and conventional

fuels as expensive.”

*T. Curry, etal., “A survey of public attitudes towards climate change and climate change mitigation technologies in the United States:
Analyses of 2006 Results,” Publication LFEE 2007-01-WP, MIT Laboratory for Energy and the Environment.

#M. D;Estries, “Survey: Women fail on energy knowledge,” July 3, 2009, report on a survey commissioned by Women Impacting Public
Policy and Women’s Council on Energy and the Environment.

**H. Klick and E. Smith, “Public understanding of and support for wind power in the United States,”Renewable Energy, Vol. 35, July 2010,
pp. 1585-1591.

## S. Ansolabehere, “Public attitudes toward America’s energy options,” MIT-NES-TR-008, June 2007.

+B. Southwell, J. Murphy, J. DeWater, and P. LeBaron, ”Americans’ perceived & actual understanding of energy,” Aug., 2012. RTI Press
++S. Kirshenbaum, “University of Texas at Austin Energy Poll,” April 30, 2014.



Public Education and Policy
Federal State

Federal State
government government

*

=» Getting good policy
requires an informed
electorate.

Electorate

=» Public understanding
affects how much
governr(;er;]tal mfluenc]:ce Knowledge &
oceurs the nature 0 understanding
that influence.

=» \We can help electorate (& policy-makers) see the impact on

their lives of various infrastructure designs.



Conclusions: policy/awareness

o ALL THE PAIN
Major infrastructure development FoR Z2€e&O GaAHIN
requires: PM“FML FACTS ABOUT WIND ENER4Y
- Computational models to inform; @ S05) (N |
« Good policy, which depends on

public awareness; wn v ERew EERE
 Decision-making entities having % @r—— Sf‘*’g’?'é%
political will to pursue change & (e | | i;gg?l”‘”t‘”( |
authority to make it happen. 0y )
“When a reporter approaches, | generally find J— BAEK bF

myself wishing for a martini.”
-- Jonas Salk, Nobel Prize winner

THEY LEAD TO 1 EXPENQWE C—,REEN TAXES

‘It seems as if the whole scientific establishment ZE55Re (2aoe 105 ?8'&L‘E‘EUJSVERT
has absent-mindedly misplaced English Foe- R??KOX\MP«TELY

somewhere between high school graduation
and the awarding of the Ph.D.”

‘ / OF WORLD
-- Katie Coe, TV science beat reporter, 2003 e 4 ENERKGY

26 : " 1o THE NERREST WHOLE NUMBER.




