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Global Renewable Energy Capacity

* Total global electricity gen capacity - ~5,900 GW

GW (Cumulative) * Non-hydro renewables ~12% of total 2015 — 1.849 MW
1,600 B Hydropower ’
PV’
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Source: Renewable Energy Policy Network for the 215t Century (REN21)
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Where’s the Action?
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U.S. Renewable Electricity Generation Status — GW

Natural Gas 500.71
Coal 305.05
Nuclear 107.03
Water 100.06
Wind 73.99
Qil 44.84
Biomass 16.73 Total system capacity - ~1,180 GW
Other Solar (est.) 14.37

All renewables — 223 GW, 19%
Utility-Scale Solar 14.22

Geothermal 3.91 Non-hydro renewables — 123 GW, 11%
Waste Heat 1.15
Other 0.77

EIA
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Wind Energy
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Wind Energy - Offshore

Westermeerwind Wind Farm
* Noordoostpolder, Netherlands
144 MW

Horn Rev Wind Farm
 West coast of Denmark
e 160 MW
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Wind Energy - Onshore

Peetz Table Wind Energy Center
* Peetz, Colorado
430 MW

Cedar Creek Wind Farm
* Grover, Colorado
550 MW
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Wind Machines - Scale

GE-1.5 MW
Alstom — 3 MW
Siemens — 2.3 MW
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Wind Machines - Scale

Monster blades

Wind turbines keep growing larger, which has some people worried about negative
eflects on the environment and scenic views.

747 passenger fet

2015

Vestas V164 7.0 MW
Offshore Turbine
(Blade detailed below)

80m
V164 - 7.0MW blade length R e

-~

2000
75-125 ft. blade
150-250 ft.

rotor diameter®

8,38m

1980

London Routemaster length 25 f, blade
| 50 ft. rotor Tower heights vary
= AT diameter®
| <
el A é-'/ =\
Onshore Offshore

Just how big is the new blade?

Vestas V164 7.0 MW blade

262 t. long Wide enough for a double-

by manutacturer § i
2 : decker bus to fit inside

"Measures

Sources: American Wind Energy Assn,, Vestas

MAXWELL HENDERSON Los Angeles Time:
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Wind Machines — Scale and Transport
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Global Wind Energy Markets
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US Wind Resources

United States - Land-Based and Offshore Annual Average Wind Speed at 80 m

Wind Speed
m/s
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Source: Wind resource estimates developed by AWS Truepower,
LLC. Web: http:/iwww.awstruepower.com. Map developed by
NREL. Spatial resolution of wind resource data: 2.0 km.
Projection: Albers Equal Area WGS84.

‘ " AWS Truepower E} NREL

Where science delivers performance. NATIONAL RENEWABLE ENERGY LABORATORY
o013 33 1
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States Leading Wind Power Deployment

185 [14] NH
— N9l VT-

=Rl 9 [0]
CT 5[5]

M1 2 [0]

E 2(0]
MD 150 [30]

5 Wind Projects = TMW
e Ny~ @ Newin2015
' @ Prior to 2015

5 Wind Power Capacity
~ Megawatts (MW)

Y > 10,000
R 5,000 - 10,000
Total Capacity b p 1,000 - 5,000
[New Capacity 2015] 3 ~ 1:0'130;}1 ,000
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US Offshore Wind Projects

Project Status

& @ Under Construction
@ @ Approved

.‘. @ Permitting

Planning—Site Control

g )

Y ing—
@ @ Planning—Early Stage

5

o® Project Size

0-50 MW
51-250 MW

251-500 MW

&

@

©

@ :oi-1000Mw
o

>1,001 MW

Block Island — 30 MW
5, 6MW GE turbines
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BLOCK ISLAND\\'NDFARM

America’s First Offshore Wind Farmi
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US Wind Generation Trends
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« $14.5 billion invested in wind power project additions in 2015
« More than $150 billion invested since beginning of the 1980s
« Cumulative wind capacity up 12%, bringing total to 74 GW

Source: EIA and LBNL
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US Wind Price Trends
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PV Markets — Residential
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PV Markets — Commercial
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PV Markets — Commercial

Credit: IKEA
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PV Markets — Utility
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PV Markets — Utility

o

Desert Sunlight Solar Farm

* NextEra Energy

» 8.8 million First Solar CdTe panels
* 550 MWac

 Power for 160,000 homes

e 300,000 tons CO2 displaced

* 6.2 square miles
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PV Markets — Utility

o By o m %—a—“ Wm.;i“

Solar Star

 BHE Renewables

* 1.7 million SunPower c-Si panels
* 579 MWac

* Power for 255,000 homes

e 300,000 tons CO2 displaced

e 5square miles
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Global Solar Energy Markets

United Kingdom: 5.2 GW

France: 5.7 GW L ] China: 282 GW
- Germany; 38.2 W - i

>
Spain: 7.7 GW " ,.;
e [taly: 185 GW Eo
| Unlted States: 20,0 GW Japan: 232 GW
Indla: 3.4 GW
A0 — 8.2
30— 282
2| 939 - Australla: 41 GW
= 20 18.5 20.0
15
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Sources: REN21, Larry Sherwood,/|REC
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U.S. Solar Energy Resource
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Photovoltaic Solar Resource of the United States
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Annual average solar resource
data are shown for atilt=
latitude collector. The data for
Hawaii and the 48 contiguous
states are a 10km satellite
modeled dataset (SUNY/NREL,
2007) representing data from
1998-2009.

The data for Alaska are a 40 km
dataset produced by the

Climatological Solar Radiation
Medel (NREL, 2003).
25 25
' e
65 a 150 300 450 600 Miles Y
% This map was produced by
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20 ™ 20 Energy Laboratory for the U5,
ol Department of Energy.
Billy ). Roberts
55 19 September 2012
; Q& 0 50 100 150Miles -
P 0 200 400 600Mies 18 =3 NI !EI
B | s s —s - — ) ) — — — i Byt e
-115 -110 -105 -100 -G5 -50 -85 -80

NATIONAL RENEWABLE ENERGY LABORATORY




U.S. Solar Deployment

Sources: GTM/SEIA and IREC

California a8,720.7 Califomia 3,549.0
Arizona 1,786.0 Morth Carolina | 396.6
Maw Jersay 1,4511 Mevada 330.3
Morth Carolina 9532 Massachusatts | 308.2
Massachusetts 7512 Arizona 246.6
Mavada 7250 Mew Jersay 239.8
Hawaii 440.5 Mew York 147.4
Colorado 3084 Texas 128.9
Mew York 396.9 Hawai 106.9
Texas 330.0 Hew Meaxico 88.2

CSP Cumulative
Capacity (MW)

@ Califomia 1,256.0
& Arizona 283.0
€ Florida 75.0
@ Mevada 64.0
B Hawail T.o
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U.S. Solar Deployment and Costs Trends
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Annual U.S. Installations by Market

Yearly U.S. Solar Installations

25,000
US PV Cumulative Installations
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Utility Scale Systems Costs

6 T
. ® 85.25 @ Individual PV systems = Median
G $4.96 y
Q
S¢4 +—————— -
E } $3.34 @
e )
863 e §t g
5 o f $253 O e
3 J . S LB ®%209 O
» > 8 $1.57
= o
w 51 A o o e
$0 1 1 1 1 1 1 1 1
2008 2009 2010 2011 2012 2013 2014 2015 2016

Note: data sample consists of 33 projects with 566 MW of capacity
Sources: FERC Form 1 Filings from the following utilities: Arizona Public Service; El Paso Electric; Florida Power & Light;
Georgia Power; PG&E; PSCNM; SCE.
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Geothermal Electricity Generation

Nesjavellir Geothermal Power Station
e Thingvellir, Iceland
e 120 MW

Featherstone Geothermal Plant
* Salton Sea field, California
e 50 MW
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Geothermal Capacity — Top 10 Countries

lceland: 0.7 GW
5y Unitedftates: 3.8 GW Turkey: 0.4 GW
: ; -
Italy: 0.9 GW
e M Japan: 0.5 GW
Mexico: 1.0 GW
Philippines: 1.9 GW
o
o
Kenya: 0.6 GW i Indonesia: 1.4 GW t
38 o
19
1.4 New Zealand: 0.9 GW
5 09 09 10
04 05 06 =

Source: US Energy Information Administration (EIA)
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US Geothermal Capacity

Total Installed Capacity
(MW)

© California 2,975.6
® Nevada 626.3
© Utah 77.1
O Hawaii 51.0
©® Oregon 36.7
® I|daho 18.0
@ New Mexico 4.0

Source: EIA
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US Geothermal Generation Trends

US Geothermal Power Technical Potential

MW <+ Hydrothermal — 38 GW GWh
4}000 e EGS - 4,000 GW 1 - ]8,000
3500 Generation | 16.000
3000 - —14,000

— 12,000
2,500
— 10,000
2,000
— 8,000
1,500 — Capacity oo
1,000 - — 4,000
500 - - 2,000
0 ST 0
> A ® 0 Q& & & &
F S S LSS

Source: EIA and the Geothermal Energy Association
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Electric Grid: A Matter of Balance

Supply

Generation

Supply
Components

Storage

Renewable
Generators

Conventional
Generators

Demand
Components

Storage

Electric
Vehicles

Stationary
End Use

The electric grid balances supply and demand at all times
and operates at timescales from seconds to days.
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Grid Application Depends on Storage Characteristics

ADGys

® provide replacement g g ® L
reserves; provide black Optimize
start servcies; firm Defer time of use ke _ Pumped Storage
capacity.renewable; up- retail rate; AIRERERDY Hydropower
perform load leveling/- grades demand Supercapacitors &
price arbitrage; avoid reduction
curtailment
@ Q [ ] Hours
® Provide [ ] Provide
spinning Inprove unlntebT E @
reserves; ruptable =D
provideJ ;y;!?m power E §
reliabili
ramping/ ? Y supply-- B
load provide S
following Provide back-up
frequency [ ] @ power Minutes .- :
regulation @ @ \{ High Power |}
Services flywheels
® Defer <oott Maintain
system e power
Inertia P quality
] ® [ ] Seconds
Generation Transmission & End Use _
Distribution 0.1 1 10 100 1000  Capacity
(MW)

Different technologies can address different grid needs, but no
single storage technology, in the near term,

is likely to meet all grid applications.
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Storage Costs Trends

2,000 ——
1900 4 95% conf interval whole industry
1800 95% conf interval market leaders
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1,300 1 Market leader, Nissan Motors, Leaf @
g 1200 Market leader, Tesla Motors, Model 5 ©
~ 1100 Other battery electric vehicles ¢
E 1,000 Log fit of market leaders only: 8 £ 8% decling == ==
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% 800 - Future costs estimated in publications
™~ 700 - <US$150 per kWh goal for commercialization
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400 A
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100 -
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PPA Rate Over Time, by Technology

200
180
<= 160
3 140 —Biomass
2
v 120 —Coal
.§ 100 Geothermal
a.
< 80 —Natural gas
2’5 60 ——Nuclear
S
< 40 eSolar
20 Wind
O T T T T T T | 1
2007 2008 2009 2010 2011 2012 2013 H1'14
Signing Date

PPA’s are starting to be signed at levels competitive with other technologies
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US Solar Workforce

Historic |Projection

250 T iia——-
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015P
e Asof January 2015 the U.S. solar industry employed 174,000 workers
— Second straight year of 20%+ workforce growth

e 2015 solar workforce growth projected to be 8 times greater than oil, gas and coal industries, & 20
times greater than the overall economy

e PV manufacturing sector added 2,600 jobs in 2014—- showing significant growth for first time since
2011 —in 2015 mfg. expected to reach peak levels achieved in 2011

e % of minority workers up 4% from 2013 to over 60%
e 62% of employers expect to lay off staff when ITC changes in 2017

*Changes in the number of jobs in the “Other” category between years are not necessarily a reflection of actual
increases or decreases in employment, but may instead be due to changes in the types of jobs included in this category.
Source: The Solar Foundation, “The National Solar Jobs Census 2014.” January 2015.
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Forecast Costs — Ground-mounted PV

Hamalzn FaWaTel
= oG

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
® Module wlinverter wBalance of plant mEPC mOther

Mote: Based on experience curves for each component, with estimates for historical years from developer
dncuments Methodology here hitp.//bnef com/insight/ 1254 though charts updated January 2014 Source: Bloomberg New Energy Fmanr.e

Bloombergf [ | [ LCOE OF Pv, FEBRUARY 2014

HNEW EMERGY FINANCE
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PV Applications — Utility

AGUA CALIENTE SOLAR PROJECT — 397 MW
Yuma County, Arizona, USA

P :.‘.z_'n"" e

A T T

e

" Credit: First Solar
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US PV Market - Historic

GTM RESEARCH

A Greentech Media Company
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Installations
0 e
Resudenhal 1

Non-Residential 2 3 9 27 32 51 67 93 200 213 339 831 1,072 1,112

Utility 0 1,803 2,847
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Sources: GTM Research/SEIA and Lawrence Berkeley National Laboratory
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Module Technologies
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Data: Navigant Consulting; for 2012: estimate from different sources (Navigant and IHS).. Graph: PSE AG 2013
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