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Major NREL Technology Thrusts
Supply Side - f Demand Side
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TEP Project Awards: 2002 - 2007
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DOE'’s Tribal Energy Program

Features
Program Brochure

Upcoming Workshops

Financial Opportunities
Projects on Tribal Lands
- Project Overviews
- Status and Reports

Contacts
Information Resources

Contacts

Website

/ EERE: Tribal Energy Prngram Home Page Windows Internet Explorer provided by LL.5. DOE Golden Field Office

U.5. Department of Energy

Energy Efficiency and Renewable Energy

Tribal Energy Program

EERE Horne

About the Program | Information Resources | Financial Opportunities Deployment

www.eere. energy_govltnbalenergy
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Search Helpr More Search Options »

EERE Infc
B FEATURES

Tribal Energy
Program Brochure

(POF 2.3 MB)
Cownload Adobe Reader

Guide to Tribal Energ)f-
Development l

Upcoming Workshops ¢ ‘J,.f
and Meetings o ',




DOE's Tribal Energy Program

Guide to Tribal Energy Development

Development Processes

Strategic Planning
Options Analysis

Organizational Development

Management

Tribal
m [Engineerlng Deslgn] [ Power Agreement ]

Contract Out ]

i 3

[ Permitting and Licensing ]

§

P r OJ eCt D ev el o p m e n t {2 Tribal Energy Program: Guide to Tribal Energy Development - Windows Internet Explorer provided by U.S. DOE Glden Field Office - =X [ Praject F| I EII'ICi ng ]

y = | & bhitp:/fwnt eere

energy .qovtrbalenergy/guide]

¢ & | @ Tribal Energy Program: Guide to Tribal Energy Devel. . |

1Mal-

Resource Library [ mm—

Energy Resources e e

Technologies

About the Guide

Development Process

COStS ﬂssessmn Energy

sssss

R| S k Facto rs 1. Outlining a process of strategic energy planning for tribes interested in
Electricity Grid Basics improving their energy security, sovereignty and local economy

Costs

B3 Printable Version

Financing Options

About the Program | Information Resources | Financial Opportunities [0 (-8
Guide to Tribal Energy Developmem—'m—.‘-

Tribal energy development can serve many goals: economic development,
electrification, self-sufficiency, clean air, and more

! ! ' ' Tribal Energy
eeeeeeee The Guide to Tribal Energy Development is intended to give you the information rf?g'am ERECHES
e Is, by: > ader
"

you need to achieve your energy goals, by

2. Providing a gateway to fossil energy, renewable energy and energy

L eg aI IS S u es p oject Implementatio efficiency information for tribal decision makers and staff.
sssss

Learn how to use this guide.

r\ba\ Energv Prugram Home | EERE Home | LS. Department of Eneray
r | Web Site Policies | Security & Privacy | USA.gov

Contacts

Content Last Updated: 05/24/2007
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[ Hardware Development ]

ion | EERE Information Center

= FEATURES [ Construction & Training ]

Search Help»  More Search Options »

Upcoming Wnrkshops J

and Meetings

D ek [ Commissioning ]

Operations & Maintenance

& Internet
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Building Design

R

i -

11 - M- 77
Whole Buildings’ Strategy:
Existing R&D programs, building technologies, and components tied together
by Systems Integration and Computerized Design Tools.

Advanced Technologies

Energy-saving
appliances, advanced
energy controls and
kustag:-foof e thermostats, efficient

3 R heating and cooling
systems, photovoltaics,
and solar water
heating systems.

Passive Solar Strategies

Siting and orientation,
glazing size and
location, and shading
strategies contribute to
a passive solar, or
“climate-responsive,”
building.

== -
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natfeq -entry hole *

Cross Secthion of House Facing South

S
Energy-Efficient
Materials

Superior building
materials, including
high-efficiency
windows, insulation,
brick, concrete
masonry, and interior
finish products.
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Energy Efficiency Options

Energy Star Appliances

Refrigerators — Half as
much energy

Clothes Washers — Save up to
$110 per year

Oil & Gas Boilers — Save up
to 10%

Programmable Thermostats —
Save up to $100 per year

If every American changed out 5 lights, we'd
save $6 billion/year and the equivalent of 21
power plants.
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Weatherization Options

Insulation Infiltration Controls Maintenance




DOE'’s Tribal Energy Program

Solar Electric Potential on Tribal Lands ~4.5
times the Total U.S. Electric Generation in 2004
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Individual cells are connected In
series (Increases the voltage) and In
parallel (increases the current)
Into a module.
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World PV Cell/Module Production (MW)

Rest of world
[ Europe
[1Japan

EU.S.

Average annual growth
rate of 43% over last 5
years; 57% in 2004
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Source: Paul Maycock, PV News, February 2005
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Crystalline Silicon, Thin-Films, and Concentrators

PV Industry Cost/Capacity
(DOE/US Industry Partnership)
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Solar Options

Avrctic Village
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Simple Direct Drive PV System




Solar
Module

Pump
Contoller

Bore Hole Pump

Pump
Contoller

Solar
Module

Floating Pump

Water
Pumping
Designs
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Solar Water Pumping
Ute Mt. Ute Tribe , CO

Inadequate Wind & High
Maintenance Costs
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Simple DC PV System with
Battery Storage




Typical PV - Battery Systems

\
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DC PV System Example:
PJKK Federal Building, HI

e 2 solar panels per
lamp with peak
output of 96 watts

39 Watt fluorescent

lamps, 2500 lumens

90 amp-hour battery
powers 12 hours per
night

~$2500 per light




Department of
Interior

National Park
Service




AC PV System with Inverter

Batteries




5kW Inverter

48VDC-120VAC CONVERTER

3 ®

Eﬂlémgé' Power Conversion Center —\r—

NEERING

E .
Converts Direct Current (DC) to Alternating Current (AC)

ofe
ﬁ": MR=L National Renewable Energy Laboratory




o2y
ll": MR=L National Renewable Energy Laboratory




Utility-Connected (Line-Tie)
PV System
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Hybrid PV/Generator System
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Stock Watering

 Livestock watering at the Bledsoe Ranch Colorado, USA

e PV, Mechanical
wind and diesel
backup solves
problems with
seasonal
variations in
resource

NEOS Corporation
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NTUA Home-Scale Hybrid

e
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Geothermal Resource Potential




Geothermal Options
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History of Geothermal Electricity

e EXxperiments began in
Lardarello, Italy in 1904

o First U.S. plant at The Geysers in 1920s; first
commercial plant in 1960
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Geothermal Heat Pump Characteristics
“Using Mother Nature Effectively”

m“”“"*"""‘"" P
— o :;r-r'f =
‘ ') (1

Highly energy efficient s
High level of comfort BEEESS— | h
Typically ~70% renewable energy l i
Suitable for residential, commercial or industrial
Typically 15-25 year life

Environmentally beneficial with no combustion
Higher first costs, but lower life cycle costs

Multiple ways to install, with suitability for almost all
geographic locations

Proven technology

ol -
“"’N?='- National Renewable Energy Laborator




Geo-Thermal Pond




Geo-Thermal Pond
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Cultural & Heritage Center
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Small Hydro Power Options

— r B
“YNIL, doho Nafional Laborafory /8 zoarc I

Home

HHIoNOnEr Virtual Hydropower Prospector
it Bl Region Selector
Annotated
Bibliography Click on a region to access the VHP desktop

Environmental
Research

Hydropower Facts

Research and
Devalopment

Resource
Assessment

Technology Transfer

wirtual Hydropower
Prospector

tor
User Guide (PDF 4.3
MEB)

Pop Enabling
Data Sources
Disclaimers

Daocument Archive
Related Links
Contacts

A-Z Index
Contact Information
Staff Directory

Idaho Cleanup Project

The Idaho National Lshoratory is
operated for the U.5.

http://nydropower.inl.gov/prospector/
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Small HydrOpoWer
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B _i Potential Projects

Feature Active
Select Feature

) Small Hydro
4

Low Power

i Northern California

Low Power
Unconventional

4

. ol -
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'l Potential Projects
Feature Active
Select Feature
Small Hydro
&

Low Power
Conventional
—

Low Power
Unconventional

4

Microhydro Central California
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Conventional
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Unconventional
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Microhydro

Southern California
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¢ 7 /There are over'1200 miles of major” |
».  streams within the Hoopa Valley
b Reservation many of which support.
~  healthy salmon runs. '




DOE's Tribal Energy Program

Wind Potential on Tribal Lands about 14% of U.S.
Annual Electric Generation (~ 3,853 Billion kWh/year)

South Dakota - Wind Resouce Map
1m0t e

10a*

resource value shown, based on the type of axposed
teerain {rdge crest va. plain).

U.S. Department of Energy
National Renewable Energy Laboratory

Wind potential of about 535
Billion RKWh/yr on Indian
Lands in Lower 48 States

AL 2004 151
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Wind Turbine Sizes and Applications

Small (£10 kW) o e
= I R L h S

Homes — _ Kotzebue
T o Intermediate
Remote Applications (10-250 kW)

(€.g. water B8 Village Power

pumping, telecom | Hybrid Systems

sites, icemaking) .

Distributed Power

| Large (250 kW — 2+ MW)
Central Station Wind Farms
Distributed Power
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Biomass & Bioenergy Flows

€
(R

Biomass

pulp
: paper : a S
Fibertumber= = . Materials . -
plywood  :, L
cotton
Procdss Residues
blagk_liquor
sawlust Consumers
bafk - MSW clean fraction

\74 yard trimmings
e constr. & demolition

. - wood
©rops, Anma 9 Foo non-recyclable
organics

Process Residues,
dung
bagasse

heat
CHP
Energy electricity
stalks & straws Services
s e e
biogas

forest harvest for energy _
plantations Biofuels ethanol

<
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Excessair

Heat

Biomass Energy Pathways

Biological L‘

Physical

Partial air
Pretreatment

\

Fermentation

R

. Eth I
Fuel Liquids ane

Gases
(CO+H *

H,

|

Hydrolysis

(Heat & Pressure)

!

Liquids ====p Chemical

|

Transesterification

}

Biodiesel
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Gas Production X
Module i -

Automatic Drier/Feeder
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-
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Power Generation
Module

EVIOINSIS

Liquids

Dynamaotive's
Fast Pyrolysis Process
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Wood Stove Heating

Seasoned firewood (20% moisture) @ $300/cord (~$150/ton)

~20 MBTU/cord = high efficiency wood stove @ 77% efficiency

~ $20/MBTU delivered to home
~$2.50/gal heating oil

ofe
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Commerc:lal Scale Wood Heating

| i

Green wood chlps (50% moisture) @ $50/ton
~8.6 MBTU/ton in a ENERGY

RESOURCE

high efficiency wood boiler @ 85% efficiency CENTER

~ $7.00/MBTU delivered to bqulng
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Energy Price Comparison

75 ~ $5.50/gal

$/MBTU 65 ~ $8.00/gal
50
40
30

27 ~ $2/gal

20 20 ~ $2.50/gal

#2 OIl  Propane

National Renewable Energy Laboratory




Bioenergy Project Requirements

Long term High

Agreements Capacity Factor
Competitive igh Availability
4

S RSy Success ol
Investment Cost

Environment | Conversion
Economic

social ~ lechnology
)

Sustainable Resource Technically Prove

Feedstock Supply
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We Live in a Changing World

NATIONAL GEOGRAPHIC CHANNEL'S MOST AMAZING DISCOVERIES, SEPT, 6-10 AT 9 BM, ET./PT

NATIONALGEOGRAPHIC, COM/MAGAZINE SEPTEMBER 2004

SNATIONAL
EO GRAPHIC

AMERICAN

INDIANS
REKINDLING THE SPIRIT

$»Ili'
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Where Carbon Reduction is a

Requirement
2005 Warmest Year on Record

2001-2005 Mean Surface Temperature Anomaly (°C)

{a) Global-Mean Surface Temperature Anomaly (“C)
' ! | ' ! | Base Period = 1951-1980 Global Mean = 0.53
i

&1 -
- - - Annual Mean .

4k = S-year Mean

196l

1
200K

1 i
| S | 0

Warming of 0.2°C/decade over last 30 years
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Where U.S. Energy Consumption
Continues to Grow
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Where the global economy is very complex

PHYSICAL MAINTENANCE OF ENVIRONMENTAL
PROCESS PREREQUISITES AND AMENITIES CULTURAL TRRNSFORMATIONS

AND
Resource

RESOURCES

Raw Materials Exploitation

il
/

Geophysical

Nuclear \

Metal Ore.
Uranium Mining

ECONOMIC
TERMS NATURAL RESOURCES RAW MATERIALS




~$140/bDbl
Increasingly volatile, increasingly upward

Crude Oil Prices
2004 Dollars ~$77/bbl

Iran / Iraq OPEC 10 % Quota Increase
War N Asian Econ Crisis ~$60/bbl

kN
$60 Series of OPEC Cuts

Iranian 4.2 Million Barrels
Revolution

$50 - PDVSA Strike
| Avg World $22.86 | Iraq War

Asian Growth
§40 LAV U-S. $20.94] | yedian us. &
/| World $17.18

I
$30 Yom Kippur War
it Arab Qil Embargo \

-
L
14
14
<
1]
S
o
q
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o
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$20 A ﬂl
U.S. Price

Controls

$10

616
062
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1947 - 2004
WTRG Economics ©1998-2005
— |J.5. 1st Purchase Price { Wellhead )} =—— "World Price" * WWW. Wtrg.com

(479) 293-4081

47 49 51 53 55

57 59 61
48 50 52 54 56 58 60 6
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After a decade of low prices, natural gas prices
are now more volatile at a higher level.

/Monthly price (real 2003 dollars)

Price ($/MMBtu)

AN

Monthly price (nominal dollars)

Futures strip (from Nov. 5, 2003)

Ll -
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US Lower 48 QOil Discovery & Production

US Lower 48: annual

oil ""mean"’ discovery &
production with Hubbert discovery model

I
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—m—discovery smooth 5 yr
model Hubbert disc.
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— ——-Hubbert disc. shift 35 yr
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Jean Laherrere Jan. 2003
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Total U.S. U.S. Oil Production
Oil Production Big, New Discoveries &

New ‘Technology’ 10000 kb/d

...only shift the curve

D’(V 5000 kb/d

Lower 48

» 3 -
& I
L &

Lower 48

Alaska Deepwater
Source: Tom Petrie at Denver World Oil Conference L. National Renewabie Energy Laboratory




The Age of Oil
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7 Generations Span The Age of Oil

Our Grand Parents
]

Our Great Grand Parents
|

Our Parents
|

Our Generation
I 80
20 Our Children
|
Our Grand Children

Our Great Grand Children
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1980 2000 o 2020 2060 w40 2050

Peak Oil Graph from: ASPO.com - Colin Campbell 2004 =L National Renewable Energy Laboratory




U.S. Farm Energy Use, 2002

~75% Petroleum (assuming electric Irrigation)
Festicide Irrigation

Production / 7%
G5 Diesel fuel

(non-irrigation)

Fertlizer 25%

Froduction

a
29% asoling

9%

Electricity Matural Gas
(non-irrigation] Liquid (non-irrigation]
18% Petroleum Gas 1%

2%

Earth Policy Institute from USDA & DOE data 2 NREL Natonai Renewable Energy Laboratory
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Strategic Energy Planning

Defining where you are,
Where you want to go,

What are your energy options, and
Developing a plan to get there.




Develop atribal energy baseline

Tribal Strategic
En ergy Pl ann | N g Develop a common tribal energy vision

Identify and support a tribal energy champion

Identify culture and environmental constraints

Tribal Objectives Identify and evaluate resource options

e Energy Reliability &

Security Demand-Side Options Supply-Side Options

e Off-Grid Electrification

e Minimize Environmental

Impacts .

- Supply Diversification Integrate supply and demand alternatives

e Use of Local Resources

e Economic Development
e Jobs

« Build technical expertise

e Respect for Mother

Earth

e Others?? Strategic Energy Plan

Establish organizational and human resource needs

Programs & Projects

ofe
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Establish organizational and human resource needs

1 &
How do you want to make it happen?

Tribal Council

Sovereignty,

Codes & Standards,

Contracts

Environment

Earth, Air, Water,

Sacred Sites

Financing

Tribal Resources,
RUS Loans,
Federal Grants,
“Green Tag” Sales

Tribal Energy Use & Growth

Existing Residential,
Commercial & Industrial

_ Loads & Growth
Tribal

Champion
Or Team Technology

\ Energy Resources,
Technology Options

I Power Markets
Strategic Plan

On-Site Energy
Displacement,

_ Merchant Power Sales,
Projects “6reen Tag” Sales
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