iiNREL

Realizing a Clean Energy
Future

‘—s—.

‘
"wL-.-i-&._

World Renewable Energy
Forum 2012

Dr. Dan E. Arvizu

Laboratory Director

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.




LINREL

MATIONAL RENEWAELE ENERGY LABORATORY

Energy Context




National Energy Imperatives
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U.S. Energy Production and Consumption (2010)

U.S. Energy Production (2010): 74.9 Quadrillion Btu

28.9% Coal 11.3% Nuclear U.S. Non-Hydro Renewable Energy Production:
5.2 Quadrillion Btu
2.2% Hydropower
Renewables < —.I-
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331% i
15.6% Crude Oil ’:'f“"& @? f:.'ﬁp {fr'

Matural Gas

.S, Energy Consumption (2010): 98.0 Quadrillion Btu
211% Coal

L.S. Non-Hydro Renewable Energy Consumption:
8.6% Nuclear 5.7 Quadirillion Btu

2.6% Hydropower
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Renewables < '
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26.7% Petroleum 4;&.:& o o7

252%
Matural Gas
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Source: EIA; full references are provided starting on p. 123
MWote: Becausa hydropower is considerad a corventional source of enargy,
it is accounted for separate from other new renewakble sources of energy.
Energy consurmption is higher than energy production due to oil imports. 7 LS. Energy Background Inforrnation | September 201
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Shares of renewable energy sources in total global
primary energy supply is still small

l'llrect Solar Energy 0.1%
/ Ocean Energy 0.002%

22 1'&. Biomass
10.2%

Nuclear
Energy 2.0% ——

Wind Energy 0.2%
Hydropower 2.3%

.

Geothermal Energy 0.1%

Source: |IPCC Special Report Renewable Energy Sources (SRREN)
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Renewable energy costs are still higher than existing
energy prices, but in various settings renewable
energy is getting competitive

Biomass Electricity
Solar Electricity
Geothermal Electricity
Hydropower

Ocean Electricity

Wind Electricity
Biomass Heat
Solar Thermal Heat

Geothermal Heat

Biofuels
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Ranges of global technical potentials of renewable
energy sources is enormous

Electricity Heat Primary Energy
T 100,000
[t
w B range of Extimases
o Summarized in Chagters 3-7
E-" IID-{"I] = M acmum
o
E INEnimum
=
=
2 100
o Global Heat
| Demand, 2008: 164 EJ 1.
o
E } Glotal Primary Energy
o Supply, 2008; 492 €
& 100 oty
S 1
) Global Electridty
Demand, 2008: 61 EJ
10
Geothermal Hydropower Ocean Wind Geothermal Biomass Direct 5olar
Energy Energy Energy Energy Energy

Range of Estimates of Global Technical Potentials
Max (in Eliyr) 1109 52 EE) 580 . nz 500 43837
Min [in Exyr) 114 50 7 85 10 50 1575

Source: |IPCC Special Report Renewable Energy Sources (SRREN)
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Global renewable energy primary energy supply from 164 long-
term scenarios versus fossil and industrial CO, emissions.
Modeling suggests many outcomes.
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Many expect electricity demand to grow
faster than renewable energy generation

Power generation by fuel

Quadrillion BTUs
North America Europe Asia Pacific

120 120 2y Coal continues to

rise sharply in the

. Asia Pacific -l Renswables
In North America and Europe, fuel demand grows slowly region; by 2030,

100 because of modest growth in electricity demand, and also B the amount of

~f . . . . coal used for !
efficiency gains. Gas and nuclear gain share, while coal declines. power generation -l Nuclear

will be more than
four times
the amount used
in North America
and Europe
combined.

80

Use of natural gas as a

power-generation fuel

will nearly double in [E

North America from 60
2005 to 2030. !

-l Coal

40

20
0 W Qil
1980 2005 2030 1980 2005 2030 1980 2005 2030
Source: ExxonMobile
http://www.exxonmobil.com/corporate/files/news_pub_eo_2010.pdf The Outlook for Energy: A View to 2030 31
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MIT’s Future of Natural Gas Study
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A Profound Transformation is Required

Sustainable Energy

System
TRANSFORMATION

 Carbon neutral

* Efficient

* Diverse supply options

* Sustainable use of natural resources
* Creates economic development

» Accessible, affordable and secure
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Energy Sector Challenges

Percent Sales Invested in R&D
20% 19%

15%

12%

10%
4
5%
. -
0% _—
Pharmaceuticals A€rospace& Computers &
Defense Electronics A

Cars/
utometive  EMergy

R&D Investment
Drives Innovation

National Strategies Driving

Capital Intensive with Long C Market
nergy Marke

Life Cycles
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RE Sector Capacities Vary by Region

Figure 4. Renewable Power Capacities*, Developing World, EU, and Top Five Countries, 2010

Gigawatis
350
312 e Others
200 I S Geothermal power
Solar PV
250 S Biomass power
s Wind power
it
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1My
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World Developing EU-27 United China Germany Spain India
total Countries States

Source: REN21 (2011)
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RE has achieved varying degrees of penetration

Country % Renewable Generation (2010)

Australia 8%

China 19% Highest
Denmark 34% Soralbasis
Germany 18%

India 15%

Ireland 13%

Mexico 18%

Spain 34%

Thailand 8%

United Kingdom 7%

United States 11%

Source: U.S. EIA, International Energy Statistics
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As a result, different settings for RE integration

Percentage of Electricity Generation by Type, 2010

Germany

®m Nuclear

® Hydroelectric

m Geothermal

® Wind

Ireland

m Solar, Tide and
Wave

® Biomass and
Waste

= Total Conventional
Thermal

Source: U.S. EIA, International Energy Statistics
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Renewable Portfolio Standards

ME: 30% x 2000
NewRE: 10% x 2017

' NH: 23.8% x 2025 |

MA: 22.1% x 2020
NewRE: 15%0 x 2020
(+1% annually thereafter)

VT: (1) RE meets any icrease in

MN: 25% x 2025 retail sales x 2012;
Xcel 30% x 2020 (2) 20% RE & CHP x 2017

MI 10% & 1,100 MW
X 2015*

| NY: 29% x 2015 |§

[ = : - =

OH: 25% x 2025t | RI: 16% x 2020 |
N | CT: 27% x 2020 |

% [PA: ~18% x 20211

NJ: 20.38% RE x 2021
+ 5,316 GWh solar x 2026

' MD: 20% x 2022 |
' DE: 25% x 2026* |
'DC: 20% x 2020 |

‘( '~\ - ®: [ PR:20%x2035
| 29 states +

. Renewable portfolio standard DC and PR have

. Renewable portfolio goal an RPS
(8 states have goals)

WA: 15°/o x 2020*

( MT: 15% x 2015

OR: 25% x 2025 (large utilities)*
5% - 10% x 2025 (smaller utilities)

7K
WI: Varies by utility;
~10% x 2015 statewide
v

NV: 25% x 2025*

CO: 30% by 2020 (10Us)

IL: 25% x 2025
KS: 20% x 2020

MO: 15% x 2021

CA: 33% x 2020
AZ: 15% x 2025

NM: 20% x 2020 (IOUs)
10%0 x 2020 (co ops)

NC: 12.5% x 2021 (10us)
10%0 x 2018 (co-ops & munis)

| HI: 40% X 2030 |

April 2012
Source: DSIRE http://www.dsireusa.org/summarymaps/index.cfm?ee=1&RE=1
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http://www.dsireusa.org/summarymaps/index.cfm?ee=1&RE=1�

Renewable Share of Total Generation by State
Up Across the United States

Non-Hydroelectric renewable share of total net generation by state
2011

rf,:---f-n_-v ; Less than 1% “: P *
> 1% - 4% 2
— 5% - 0% Mo
10% - 14% ==
15% and above cla’

Source: U.S. Energy Information Administration, Form EIA-923, Power Plant Operations Report.
Notes: Non-hydroelectric renewables include generation from wind, solar, geothermal, and other renewable sources
such as wood and wood wastes, municipal solid wastes, landfill gas, etc. Data for 2011 are preliminary.
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http://www.eia.gov/cneaf/electricity/page/eia906_920.html�

Specific Implementation Challenges

* Legal, market, and institutional barriers—Increasing power system
flexibility needed to integrate variable RE (e.g., through larger balancing
areas, new market rules) may require significant ecosystem-wide
changes

* Coordination—Due to the involvement of multiple agencies and
jurisdictions, developing and implementing a shared vision could be
challenging

* Public support—The public may not understand or support actions
necessary to integrate renewables

e Customizing solutions—There is no one-size-fits-all solution to
integrating variable renewables; countries need to determine the most
appropriate combination of approaches
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High-Penetration Renewables

JOINT PROGRAM ON THE
SCIENCE AND POLICY

/
LINREL €5 pHeres

SLIENCE AND POLICY
of GLOBAL CHANGE

/ Renewa ble Energy
<

Pacific Northwest ] consuring service, i

Maureen Hand, NREL
Ed DeMeo, RECS Inc.

Donna Hostick, PNNL
Trieu Mai, NREL

C. Adam Schlosser, MIT

World Renewable Energy Forum
Denver, Colorado
May 17, 2012

MREL is a national laboratory of the U.S. Department of Energy, Office of Energy Effidency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC

NATIONAL RENEWABLE ENERGY LABORATORY

New study to be
presented and

discussed in WREF
Thursday panel session
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Great Plains ————
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All regions of the country could contribute substantial
renewable electricity supply in 2050
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Innovation, Integration, & Adoption

Reducing Investment Risk

e Enable basic and applied clean
energy technology innovation

* Accelerate technology market
introduction and adoption

* |Integrate technology at scale
* Encourage collaboration in unique

research and testing “partnering”
facilities

* Provide analysis and expertise to
inform decisions
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Status of the Technologies




Multiple Promising PV Technologies

CPV Thin Films Crystalline Silicon

MARKET MATERIAL STRUCTURE

20x-100x o
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Wind Technology Innovation

* Modular large components — blades,
drivetrains, and tall towers

* Advanced drivetrain power conversion
systems — superconducting direct drive
generators

* Flexible, ultra-large rotors and systems

* Active controls for structural load
reduction, improved wind plant
performance, and grid-friendly operation

* Floating offshore wind turbines
Airborne wind power systems

NATIONAL RENEWABLE ENERGY LABORATORY



Biofuels Innovation

New conversion technologies are being developed, offering the
possibility of revolutionary, high volume methods for producing biofuel
hydrocarbon fuels for our trucks, trains, ships, and aircraft . ..

Biological Chemical Catalytic Pyrolysis/Bio-Oil
Conversion Pathways

YYYYYYYYY

DDDDD
BIOMASS

.
» = jent
/r’ ru@m.&yi:-ﬁlu&-'-’ —

il bk ke

Heterotrophic Algae Conversion Hybrid Conversion Technologies

onlighissG@2

e |galltermeniaray]

(e nttionkesssell
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http://blog.envergenttech.com/�
http://www.martek.com/�
http://www.coskata.com/�
http://enerkem.com/en/home.html�
http://www.rentechinc.com/index.php�
http://www.enerkem.com/assets/files/technologie/enerkems_technology_eng_lr.pdf�

Transportation Innovation
Portfolio of technologies leading to 54.5 mpg

Degree of electrification Start/stop Regenerative braking
(power electronics &
energy storage )

b »r ¥ Va'f'able Irpreses . Diesel powered & or
i 4.&?"-‘ (s E ; cylinder mgmt aerodynamics Alternative Fuels, H2

Turbocharging, direct fuel injection, advanced combustion
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Buildings Innovation
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Efficiency/Integration Innovation

Buildings
* Whole building systems integration

* Computerized building energy optimization tools

* Advanced HVAC (Heating Ventilating and air
conditioning)

Polymer Solar Water Heaters Computerized optimization &
simulation Tools

* Cost effective ultra energy efficient retrofits

Grid Integration

Interconnection Standards

* |EEE Standards Development

* Standards Testing and Validation
Smart-Grid Data Hub

RE Grid Integration

* Power Electronics for Interconnection monitoring and
control

e @Grid-to-vehicle interface

Advanced Vehicles

e Fuels utilization
e Component technologies
e Electric vehicle-to-grid interface
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To achieve a clean energy vision, we must...

e Invest in innovation | T
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