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Why do we need
options analysis?




There are many different energy resources

Which ones are available in Alaska?
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...and many energy conversion technologies

wind turbines fuel cells
photovoltaics
batteries

diesels

microturbines
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...Wwhich have different operating requirements, advantages,
disadvantages, costs, etc.

Diesel ge nerators Disp::;r;?;)Iicse;:iegsn:i‘;a:;srtr;aintenance, fuel
Wind turbines O feauirements, variabilty of power
SOIa r PV Not g;sagztnc:lable, low maintenance, very
BiO mass ge nerators Dispatchable, varying maintenance

requirements, fuel supply issues

Different technology combinations require different
additional equipment to insure reliability including
different storage options, power converters,
synchronous condensers, etc.

NATIONAL RENEWABLE ENERGY LABORATORY 5



These components can be combined in a variety
of ways

From a techno-economic standpoint, the most
effective technology choice & system configuration
generally depends on:

o Available energy resources

o Energy demand characteristics (load size,
composition, reliability requirements, etc.)

o The ability to provide long term service to the
energy choices selected

NATIONAL RENEWABLE ENERGY LABORATORY 6



So the question is...

What technologies should be used, in what
quantities, and in what combinations?

This is what we call

“Rural Energy Options Analysis”




Options Analysis Helps Answer Questions &
Guide Decision-making

 Questions about markets, policies, and impacts
(“policy analysis”)

* Questions about system costs and performance
(“project analysis”)

Different applications often imply different options
analysis methods

NATIONAL RENEWABLE ENERGY LABORATORY 8



PVWatts

PVWatts® Calculator :: N REL

e Simple online tool for non-
experts needing basic solar WA PWats Catutator

.. Estimates the energy production and cost of energy of grid-connected
.. photovoltaic (PV) energy systems throughout the world. It allows homeowners,

° °
e rfo r m a n c e e st I m at I o n ' small building owners, installers and manufacturers to easily develop estimates
of the performance of potential PV installations.

 Used extensively by solar
installers to qualify for
subsidies

i SOIarCity’ Sunru n’ etc. use PVWatts" Calculator
Mylocaten | 220 » HELP | FEEDBACK
PVWatts

e One of NRELs most heavily < i 9,835 i per vear

Month Solar Radiation AC Energy Energy Value

trafficked websites | ——e ST

YETEM D RESULTS

e Currently under development o : .
for both improved interface - . -
and improved accuracy = -
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System Advisor Model

The System Advisor Model (SAM) is a free user-friendly computer program that
calculates a renewable energy system’s hourly energy output over a single year,
and calculates the cost of energy for a renewable energy project over the life of
the project.

These calculations are done (o -
using detailed performance narmtew.memmerm«mu Booe
. ""C?E'""a Resource = View and export data: Graphs Tables CashFlows BMAM TimeSeries - LossDiagram
models, a detailed cash flow lo e 2 ) == B~ O
e ‘ Add a new graph... H Edit... H Remove || Remave All H Copy Graph Data ||Show Graph Data ‘
. . HModule
finance model, and a library of [ o a1 Monthly Output After Tax Cashflow
Output: 305.2 We R iso00000f T
reasonable default values for e 4 350,000
Advanced Energy: Solsron 333-3155000-1XK 480V 10,000,000
each technology and target o 2200 i 3000000
System Design
ma rket Powes: 19586.4 kiide “’ 2,500,000 3000,000F II ]
o s A Mo 1]
Shading g £ 2,000,000f N 1
= w
. Losses \ -5,000,000(H
Technologies SAM can model:  Juesemssompnen I, oo
. = -10,000,000 H
- Photovoltaics (Flat plate, CPV) = 5. A Loun.ono
- Solar Water Heating 0,000} I |
. | 37,211,852 kih
- Concentrating Solar Power praprke sz ko . ]
. L COE Real .00 ¢/kih Jan FebMar AprMaylun Jul AugSep OctNovDec 012345678910123458282R223P5
(Trough, Tower, Linear Fresnel, [merdweteunes — 2uas
. . et present value - y Monthly Output After Tax Cashflow Annual Output _ Annual Energy Flow Cast per Watt 5 A
Dish Stirling) Ccimespos scmsion (8 1309 || s s (= R S S s TR 5 £ ¢4
Geothermal e | - 2 —F
- irst year KiWha c ,' o o H o
i . e et i (1] o e g .
- Wind (Small + Utility scale) i Lan e 501 2 . . :

- Biomass Power

Utility Rates
Cost Data + &
Incentives

Energy
Production +

Financing
Options
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General Modeling Workflow

4 )
= Weather + System m—— [|ectricity
:% Data Specs bl Production

——

+

7))
= : : Utility
E F(l)n atr.1cmg Rates & + Cost Data
u?j A Incentives

Results

Annual, Monthly, and Hourly Output, LCOE, NPV, Payback, Revenue, Capacity Factor
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Technologies in SAM

Photovoltaics Concentrating PV

Small Wind Utility-scale Wind Biomass Power Conventional
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Applications

Feasibility studies

o Project developers, Federal Energy Management
Program

e Use as benchmark for other models
o System integrators and utilities
 Research projects

o L Over 45,000
o Universities and engineering firms .
* Plant acceptance testing for parabolic trough downloads since
systems initial release
e Evaluate technology research opportunities

and grant proposals
o Department of Energy
* Provide integration of calculation engine into

3rd party tools via SDK (SunRun, SunEdison,
APS, Locus, PNNL, etc....)

e Use of our data and algorithms via web
services within other web tools

NATIONAL RENEWABLE ENERGY LABORATORY



Integrated Expertise and Capabilities enabled at NREL

Solar Prospector Resource Data
Service

Sandia/CEC PV Module and
Inverter Databases

Default Costs through latest published
Data and Experts (Al Goodrich)

DOE-funded Utility Rate Database

DOE-funded DSIRE Incentive web
service

Current best-in-class PV and CSP
models

Current best-in-class public finance
models

Impacted by new data and
algorithms from other PV/CSP
projects

NATIONAL RENEWABLE ENERGY LABORATORY

SAM
Engine

SAM Desktop Software Application
(Windows and Mac)

Web Services (generally PVWatts)

Engine available to Programmers
(SDK)

Underpinnings for updated
PVWatts Online Application

Conferences, Journal Articles, Tech.
Reports, Documentation




RETScreen Clean Energy Project Analysis Software

The Software can be used to evaluate various types of Power Projects. It
permits analysis with a wide range of renewable and conventional (fossil)
fuels (which can be used in parallel), including wind; hydro; solar; landfill
gas; biomass; bagasse; biodiesel; biogas; hydrogen; natural gas;
oil/diesel; coal; municipal waste, etc.

Central grid (continent)

Isolated grid (community)

Off-grid (single home)

Photo credit: RER Renewable Energy Research Photo credit: RER Renewable Energy Research
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http://www.retscreen.net/ang/power_project_figure.php

RETScreen Technologies

Renewable Technologies o
= Wind turbines %/~ . | RETScreen® International ‘,.l

Empowering Cleaner Energy Decisions

= Hydroelectric

= Geothermal power

= Solar photovoltaics

= Solar thermal power
= (QOcean current power
= Tidal power

= Wave power

Conventional Combustion
Technologies

= Steam turbine

= Gas turbine

= Gas turbine - Combined

cycle

= Reciprocating engine
Other technologies

= Fuel cells

=  Microturbines

Photo credit: RER Renewable Energy Research

NATIONAL RENEWABLE ENERGY LABORATORY



Fuels and System Types

Combustible Fuels
= Fossil fuels: coal, diesel,

natural gas, propane, oll, etc. DU
. . . [sola?er i ' to grid
= Biomass: bio-diesel, ethanol, p— | :

bagasse, wood, bark, coconut
flpre’ Strav_v’ hemp’ peat’ Central Grid & Internal Load A
willow, switch grass, etc. Islated Grid & InternalLoad i

= Waste: tires, landfill gas, food
waste, forest residue, coffee

Typical daily

refuse, Christmas trees, oG T | ety
. . or small power consumption,
poultry litter, packaging waste, system technologies
etc.
= Hydrogen

Renewable Energy “Fuels”

= Sunshine, wind, waves, tides,
geothermal, water, etc.

NATIONAL RENEWABLE ENERGY LABORATORY



Power Projects with RETScreen

Analysis steps:

» Base case load and power system
characteristics (for off-grid systems
and internal loads)

* Proposed case power system
characteristics (energy + costs)

o Operating strategy

e Summary (energy)

* Emission analysis

* Financial analysis (including sensitivity
and risk analysis)

Project Types:

* Choose technology (steam turbine,
geothermal, photovoltaic, wind, etc.)
* Power-Multiple Technologies
» Other project types:
0 Heating & Power
o Cooling & Power
o0 Heating, Cooling & Power
o0 Project types unrelated to power

NATIONAL RENEWABLE ENERGY LABORATORY



HOMER Simulation Tool

What is HOMER?

A tool for comparing and evaluating power technology
options for a wide range of applications

* |solated power systems

The Micropower
Optimization Model

e Stand-alone applications

e Grid-connected systems Equipment to corsider |
HOMER uses simulation, optimization, and sensitivity 7
. Telecomm Load
. A} PV
analysis to: Ervocey s || LM
* Find the combination of components that can serve a load at
. Residential Load
the lowest life-cycle cost 200 kih/d
32 K peak BWC Excel-R
e Show how this result can vary given different assumptions @]
Diesel Waterpumping
2ok ek |5
. Fuel Cell
Double click on a system below for simulation results, o EalEQUTIZBd (" Owverall  Export.. | Details... Converter
i lal PV [ 15d [Cofien| Gen2 [ Conv | Gid |  Intial | Operat Totsl | COE | Fen | Diesel |Cof
TP A oy | || gow | g | owd | capil | Coet (8 NP it Fae | (L | () Miotabine
4 Aisis 37500 2200 1000 $9000000 13068830 $1760635. 0278 OBS 19171 6760 D'Dm‘ Batlery
1 O 7500 2200 1000 $0 2079870 $ETEGE. 0420 000 29180, B7ED B
A LGBGE 0. 2 70 2200 1970 1000 $975E,. 28091176 $1326EES. 209 082 13200, 8760 AC s
1F 568 1. 7500 2200 4800 1000 $963792. 02063 $13B0I8E. 213 087 2095 6760 @
District Heating  Boder
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HOMER Simulation Tool — Results

HOMER Simulation Results

e Cost of a particular system configuration
e Performance of a system

e  Sensitivity analysis displayed as graphs
Questions that HOMER can answer

e  Purchase wind turbine, PV array, or both?
e  Will design meet growing demand?

How big should my battery bank be?

e  What if the fuel price changes?

e How should | operate my system?

e And many others...

2 ki Rectifier
Cycle Charging

Spstem Architecture: 1 Generic 3kw
8 kKW Diesel
4 Sunette BEC525P
2 kMW Ireverter

Cast ] Electricall Diezel ] Generic 3k ] Biatteny ] Emizzions ] Howrly Data]
O&k + Fuel: § 264040

Capital + Repl.: § 4,803/

Total NPC: $ 79,451

Levelized COE: § 0.583/Kwh

Total Annualized: § 7,443 0

“find Il
Diesel
Battery I
Converter Il
Other
Initial Annualized | Annualized Annual Annual Tatal
Component Capital Capital Replacement Ok Fuel Annualized
(%) [/ [$yr] [E4pr) [Fr] [$4pr)
Generic 3kw 11.000 1,030 175 200 a 1.405
Diezel E.500 EO9 1,462 e 1,304 4,291
B attery 4,800 450 256 200 o 905
Corwerter 2500 234 25 20 a 273
Other £,000 G62 i 0 1} 562
Totals 30,800 2.885 1.918 1.336 1.304 7.443

Optimal System Type System Types

- DsliBattery
B P st

[ winesiBstt
[ wincley Ds Bt

Fixed
Mz, Annual Capacity Shortagd

Diesel Price ($/L)
S

0.2

Hourly | Diaily | Monthly | DMap | Profii | POF | cOF | e |
G

[

4 I

= [ AL Prirary Load
v Generic 3k

[ S ——— e ——

ASAv| AR )

= v Digsel Power
[~ AC Prim. Served
== [ Excess Electricity
=" lnmat Load
" Irwerter Power
== [ Rectfier Power
[v Battery Power

== [ Battery Storage
[~ Battery Energy Cost

Jan 3 Jan 4

Right click to copy

4_|

ﬂ Drays: ’2_ m

5
Wind Speed (m/s)

3 4
Right click to copy, sawve, ar modify
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HOMER Simulation Tool - Data Inputs

Load Profile

e Simulates hour-by hour operation of the system and
load profile to evaluate its performance and lowest
cost of energy

e Uses hourly resource data for wind and solar
Renewable Energy Options

e Models existing generation (Grid, backup
generators, Cogeneration)

Lanai Load

— fuels include biogas, diesel, gasoline, propane ﬂmecembmzooe)
° PV_ Capacrtles (kW) and Operatlonal malntenance Peak Load of 5.4MW ]|~
e Wind Turbines — Capacities (kW)

 Hydro generation
e Batteries, pumped hydro
Simulation Results

e Results include all combinations of system
configuration

e  Monthly or hourly fuel use, output and runtime
* % of renewable energy used in the system

Power (MW)

configuration Hour
Double click on a systemn below far simulation results, &+ Categorized ¢ Owerall  Export. | Details.. |
:ZF ?I“L (1:3 (,:3 P | 1.5sl |CoGen| Gen2 | Cone. | Gnid |nitial Cperating Taotal COE | Ren. Diesel | CoGen
[khad] AT O L N A T Capital Cost [$50r] MPC [$/Mh)) Frac. [L] [kirz]
'_‘T: A‘l\ CB CB 3 7R00 2200 1000 $9.000000 13068230 $176.0635. 0278 0E5 197171... 8760
jf: [:'3 [L_EE" Fa00 2200 1000 $0 20,791,870 4§ 265.789.8.. 0420 000 25180.. 8760
;f‘_‘“![l\ (j} CB 120... 2 7R00 2200 1570 1000 $967.56E.... 2809176 $1.326655.. 209 092 15.200.. 8760
jf—“*r [:'} [23 120... 700 2200 42800 1000 $963,732.... AN226.336  $1.350185.. 2134 087 21.988.. 8760
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HOMER Simulation Tool (Overview)

Simulate a system design

HOMER optimizes the system design by
simulating the various configurations of
RE.

HOMER ranks the feasible system
configuration according to total net
present cost.

Sensitivity Analysis

* Explore the effects of uncertainty or
changes in one or more input variables.

e Compare various PV system with the
variable cost of natural gas. Indicates
when PV system is more cost effective

Backup Analysis

e Using the hourly solar resource data

and hourly load to analyze hybrid
system to determine how many days of
poor solar resource would require grid
or backup generation. Details of cost
required to meet the backup load if
grid goes down

Op_timal S_};Fst_gm Tg_pe : : Systemn Types
>$§3g¢ i offl  [EEZEES
o [pvainLs

Superimposed

8 py Array Capacity (KY)

Diesel Price ($/L) ($11)

1.2 1.4 16 1.8 20

1.0 . |
Right click to copy PV Capital Multiplier (times $6/)

25,000 I~ [ Global Solar
e[ [ Incident Solar
[ [ P¥5lope

- [ PY Azimuth
20,000 | = [ W AL Primary Load
Using actual solar and load data, ™V P Power
~ - v LL-7 [2.2 b Poveer
HOMER analyzes how many bad solar |—r 1 acFin Sewves
== [ [ Excess Electicity
somi days forces the need for a generator =T I Urmet Load
g e [T [ Inverter Input Power
T = [ [ Inverter Output Power
g [~ [ Rectifier Input Pawer
a \ == [~ [ Rectifier Dutput Power
10,000 T | ==[" [ Batteny Input Power
\ = [ [ Battery State of Charge

\ [~ [ Battery Energy Cost

NSNS N

5,000

1}
29 30

Riaht click to coow Januarv Februarv
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Hybrid2 Simulation Software

A simulation tool designed to accurately ) 2
predict long term performance of a | § hybrid ‘fy

wide variety of power
systems made

up of
conventional
fuel generators,
~ =1 wind generators,
e | | photovoltaics
o L e | | and battery

The Hyhrid Systern Sirmalation Code
Version 1.1c

the T1.5. Departrent of Enerzy
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Alaska Energy Financial Model

Wind Turbines

AC Primary Load Homes

e Simple financial model -
for Alaskan isolated _ Q&=
power systems

e Spreadsheet model with S .

open architecture (go S— 1L“| | |

AP

Schools

Inside the box)

e Wind, Diesel and other
energy options

e Electric and Thermal Comtrller

Electricity

<Q§=

AP

g
el
i
| e

Deferrable Load

Controlled AC Primary Load
Dump Load

il
!

AP

O pt i O n S Additional Systems Electrielty L |
e Use performance data Q&

from other tools ]
e Allows calculation of:
* Internal Rate of

Deferrable Load

-

o
Waste Heat Heat Bxchanger Heat & Hot Water

W

Step 1: Model Setup Uinits Value info _Check | [Step 8: Renewabln System (Wind or Solar) Linies
Ret u r n Moel Calcul athon Methesd: Sebect Frimary User mput -+ e Iritial Captal Codds s
Tepredation sdwdule
Targen Aftr-Tas Equity IRR E) ? FediTal Frertive
. | FIC Rate SWh
[ ] PO W e r P r I C e Batics of Energy Fiices | FIC Annial Escalitn Rite x
AL Prissary Load | AL Primary Liad atio Lg 2
Defenrabie Load | AC Primary Losd o L& ¢ Frodudtion, Fear 1 /T
. Thermsal Load | AC Prissary Load ratio I (OB st ear 1 o
e Payback Period S -
Beplacement Reserves, Year 1 Sht
Rk Cost Annual Eacalaton %
.
e Beta version —really
Shew 0: Diesel Generators (AN ity
Aeitial Canpstal Corkts {fiof i cassin efits asitions] £l
. Deprediation Schedule
IO O kl n fo r‘ fe e d ba C k Tuctal Electrical Production, Year 1 iy
Wil Project Earn Revenue from Diesel Generators| Waste Heat?
Wiaste Heat Captured from Dietel Generatons), Year 1 W
Fuel Consmgtion, Year 1 Sht
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Jobs & Economic Impacts from the JEDI Model

Economlc Impact of Energy Projects

JEDHModel Version WI1.0903e

\nd energy’s economic®rippje ffecs.

Local Revenue, Turbine,

H =Blades, towers, gear boxes
Project Development & i Sobssnd Barnings

Onsite Labor Impacts rneEment, gas and gas that result from the

*Construction workers station workers; spending supported
L\ «Management *Supporting businesse_s, by the project,
A wiinistrativs sunport such as bankers financing including benefits to

the construction, FOrniy Sbre cle ks
contractor, manufacturers g ; Y g
retail salespeople,

*Road crews and equipment suppliers;
*Maintenance workers -Utilities; and child care
*Legal and siting *Hardware store purchases providers

and workers, spare parts

and their suppliers

Cement truck drivers

Construction Phase =1-2 years
Operational Phase = 20+ years
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JEDI Model Availability

e Current JEDI models

o Utility-scale wind

Natural gas (combined cycle)
Coal (pulverized coal)
Marine and hydrokinetic
Concentrating solar power

Dry mill corn ethanol

O O O O o o

Lignocellulosic ethanol
o Photovoltaic.
e JEDI models under development

Photo from Sally Wright, Renewable Energy Research Lab - Umass, NREL/PIX15160

o Hydropower (conventional)
Natural gas (combined cycle)
Offshore wind & small wind
Transmission

Geothermal

Biopower

O O O O o o

Petroleum.
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Open Energy Information

OpenEl | openenERGYINFG
Linked Data "

Browse ¥ Page Actions~ View~ Contribute ~ Help

| Wiki | Datasets

=V Discussion B Edit Wy History
Clean Energy Economy
CLEAN

coordinated low emissions
assistance network

Incentives and Policies
International Clean Energy

Energy Information, Data, and other Resources
B ~9 i
i .

buildings geothermal smart grid solar utilities wind

s

Analysis
Latinoamérica
LEDS

low emission development
strategies

Renewable Energy News
U.S. Openlabs

[Z=1.L.W Discussion

Brow

rom Open Energy In

B Edit
se By Region e

g History

¥ Upload Data

Salect a country or click on a O\ to zoom to thar region.
Energy Datasets

http://openei.orq

Data Analysis and Visualization Group
Project Lead:

Debbie Brodt-Giles, NREL
Debbie.brodt.giles@nrel.gov

Project Description

OpentEl is an open source web platform—similar to the one used by Wikipedia—
developed by DOE/NREL to make the large amounts of energy-related data and
information more easily searched, accessed, and used both by people and
automated machine processes. Built utilizing the standards and practices of the
Linked Open Data community, the OpenEl platform is much more robust and
powerful than typical web sites and databases. All users can search, edit, add, and
access data in OpenEl — for free. The user community contributes the content and
ensures its accuracy and relevance; as the community expands, so does the
content's comprehensiveness and quality. The data are structured and tagged
with descriptors to enable cross-linking among related data sets, advanced

_ d search functionality, and consistent, usable formatting. Although DOE/NREL is

developing OpenEl and seeding it with initial data, it is designed to be a true
community model with millions of users, a large core of active contributors, and
many sponsors.

| Project Impact

e 280,000+ web visits from 190 countries * Over 220,000 unique visitors

e Creation of over 300 datasets e More than 2,200 registered users
* Creation of over 42,000 content pages * Over 7,000 Twitter followers
 Upload of over 3,400 images and files * More than 400 Facebook fans

» More than 350,000 contributor actions  Over 2 million RDF triples

Project History and Timeline
OpenEl supports the U.S. Department of Energy’s fulfillment of open government
and linked data standards: transparency, public participation, and collaboration.
September 2009 Launched OpenEl: Wiki
October 2010 Launched OpenEl: Datasets
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NREL Tools Links

Map Apps at NREL
MapSearch
REAtlas

IMBY

HyDRA

BioFuels Atlas
BioPower Atlas
Solar Prospector
Wind Prospector
PVDAQ

LCOE Calculator
GeoREServ API
REEDS

PV JEDI

Open Energy Info
Smartgrid.gov

NATIONAL RENEWABLE ENERGY LABORATORY

http://maps.nrel.gov

http://www.nrel.gov/gis/mapsearch/

http://maps.nrel.gov/reatlas

http://mercator.nrel.qov/imby

http://maps.nrel.gov/hydra

http://maps.nrel.gov/biomass

http://http://rpm.nrel.gov/biopower/biopower/launch

http://maps.nrel.gov/prospector

http://maps.nrel.gov/wind prospector

http://maps.nrel.gov/pvdaqg

http://www.nrel.gov/analysis/tech Icoe.html

http://rpm.nrel.qov/docs/georeserv/

http://www.nrel.gov/analysis/reeds/

http://www.nrel.gov/analysis/jedi/

http://openei.org

http://smartgrid.gov



http://maps.nrel.gov
http://www.nrel.gov/gis/mapsearch/
http://maps.nrel.gov/reatlas
http://maps.nrel.gov/reatlas
http://mercator.nrel.gov/imby
http://mercator.nrel.gov/imby
http://maps.nrel.gov/hydra
http://maps.nrel.gov/biomass
http://http/rpm.nrel.gov/biopower/biopower
http://maps.nrel.gov/prospector
http://maps.nrel.gov/prospector
http://maps.nrel.gov/wind_prospector
http://maps.nrel.gov/pvdaq
http://www.nrel.gov/analysis/tech_lcoe.html
http://www.nrel.gov/analysis/tech_lcoe.html
http://rpm.nrel.gov/docs/georeserv/
http://rpm.nrel.gov/docs/georeserv/
http://www.nrel.gov/analysis/reeds/
http://www.nrel.gov/analysis/reeds/
http://www.nrel.gov/analysis/jedi/
http://openei.org/
http://openei.org/
http://smartgrid.gov/

iiNREL

MATIONAL RENEWABLE EMERGY LABORATORY

E. lan Baring-Gould

Technology Deployment Manager

National Wind Technology Center &
Deployment and Industrial Partnerships

303-384-7021

lan.baring-gould@nrel.gov

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.



Siting and Geospatial Resource Analysis
..from resource potential to economic potential

Measure the resource in the right
Scale matters: Coarse scale data

place

i e T underestimates high wind class
Cumulative Wind Potential by Class
2,500,000
~——NREL 50m w/excl = At appropriate height
— and resolution, high
2,000,000 | NREL80m ~ class resources and
——MNREL 80m w/excl = cumulative potential
_ ) increase
~ =—Reanalysis 80m
% 1,500,000 -
X
=
=]
=
g 1,000,000 - ' Reanalysis at
coarse scale
lowers average,
s Wind Potential {8-12% Losses) ms;";‘"&“:;"':}::;*‘i?_ﬁ;g s 500,000 - -— mISS-Qd hlgh
o Lt e e e qualiy resources
30 Total: 102 -42 GW 42-46% Capocity Factor: 1-0GW
l ° ‘ Total: 223 - 198 GW ‘
Y o '
! Class 7 Class6 ~ ~ 55 Clastd Class 3
At 50 m height, When assessed at modern onshore hub ===
Indiana’ s wind heights*, the resource is significant.
resource is small. ~250,000 km? of potential is missing (classes 5, 6 and 7).
Up to 750GW of highest quality, least cost resource®.
* At5 MW/km?2

Land Exclusions and

| f Jj 1% slope

NREL works with the global
research community to
improve the representation of
RE technologies in integrated
assessment models

Unfiltered with —
Transmission >6kWh/m2/day
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Technology Cost Database

Share this page on K33 -

Transparent Cost . . . . . . .
Database Overnight capital cost Fixed operating cost Vanable operating cost Capacity factor LCOE

l @ Box & whisker & & < DOE Program Estimate
= L

l * Generation . € Other Estimate (insufficient data
() Scatter ,¢ to show box & whisker)
Showing:
¢ Historical EZ o $12
1
&
Report year: '[ _
2008 to 2012
%10 1 .
e o
38 ] F ]
. —_ I
. ] &
Submit a report 2 35 ¢ - -
Download = & < T
Sources f,_ " &
= <&
Methods S 34
More information 3 © T
b} L
| P T
5 %2 T < m m !
g F w T T
E w L
s _
§ O T T L oS S = & & & & & A es Em s oo e s =
= ) in o ac Mo = me = ol ~ = ) o 2 50 wWo WL 5= @
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Renewable Energy Data Book

2011 U.S. Nameplate Electricity Capacity and Generation

U.S. Electric Nameplate Capacity (2011): 1,146 GW

U.S. RE Capacity as % of Total Generating Capacity
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