@
g N?-- National Renewable Energy Laboratory

Innovation for Our Energy Future

Energy In a Changing World: 2011
Update

' Roger Taylor
- Principal Engineer

Tribal Energy Program

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.



Major DOE National Laboratories

Pacific Northwest
o INEL

Brooknaven
Argonne
Lz%wrence Berkeley

@ak Ridge  ©

€@ Defense Program Labs
- Office of Science Labs
¥* Energy Efficiency and Renewable
Energy Lab
Environmental Management Lab

¥ Fossil Energy Lab

National Renewable Energy Laboratory

Innovation for Our Energy Future



Major NREL Technology Thrusts
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Presenter
Presentation Notes
There are several technologies in the renewable portfolio, but to address the factors that are leading to increased opportunities for renewables, I will focus on what I call the big three non-hydro renewable sources:  
 
·          Wind Energy – using turbines to capture and convert the kinetic energy in wind to electrical energy
·           Photovoltaics – direct conversion of the photonic energy in sunlight to electricity using semiconductor materials
and Bioenergy – conversion of energy in plant-derived organic material that is renewable. 


TEP Project Awards: 2002 - 2010

DOE has Funded 129 Tribal Energy Projects
Totaling $30.4 Million

@ First Steps -42
@® Feasibility - 68
O Development - 11
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We Live in a Changing World

NATIONAL GEOGRAFHIC CHANNEL'S MOST AMAZING DISCOVERIES, SEPT. 6-10 AT # pM, ELAPT
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7 Generations Span The Age of Oil
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http://www.youtube.com/watch?v=RaNz3qS5WAo

ABC Catalyst Peak Oil Report 28-04-2011

aspoaustralia 1video [=¥] | Subscribe



http://www.youtube.com/watch?v=RaNz3qS5WAo�

http://www.youtube.com/watch?v=Ulxelie-vEY

Peak Qil - How Will You Ride the Slide?

Qilyboyd 4 videos || Subscribe

1:57
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http://www.youtube.com/watch?v= pje5I7KZ

Dw&feature=player embedded



http://www.youtube.com/watch?v=_pje5l7KZDw&feature=player_embedded�
http://www.youtube.com/watch?v=_pje5l7KZDw&feature=player_embedded�
http://www.youtube.com/watch?v=_pje5l7KZDw&feature=player_embedded�

US Lower 48 Oil Discovery & Production

US Lower 48: annual oil "mean" discovery &
production with Hubbert discovery model
5 —m—discovery smooth 5 yr
------ model Hubbert disc.

—&—production
— ——-Hubbert disc. shift 35 yr

N |
pioratiop

5 <

depressio . ~.
o
O - 1 1 1 1 ===
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Jean Laherrére Jan. 2003

-
3

N
‘

N deepwater

discovery & production

year

National Renewable Energy Laboratory Innovation for Our Energy Future



Discoveries peaked decades ago
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The Age of Oil
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NYMEX Prices for February 7, 2011
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Figure 2: Change in U.S. Zillow Home Value Index

March 2011
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Oil production becomes less crude

Released November 9, 2010
World oil production by type in the New Policies Scenario
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Global oil production reaches g6 mb/d in 2035 on the back of rising output of
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Figure 4. World crude oil prices, 1980-2035
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Renewable Resource Options

United States - Wind Resource Map
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Renewable Technology Options

Small Modular Power Small Wind

Diesel Hybrids

Big Wind

Usar Applieation

| HE cecthermal Water
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Buildings
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Building Design

Fudl B R Y
‘“Whole Buildings” Strategy:

Existing R&D programs, building technologies, and components tied together
by Systems Integration and Computerized Design Tools.

Passive Solar Strategies

9L ow

Siting and orientation,
glazing size and

. location, and shading § .,
strategies contribute to §  "*.,
a passive solar, or
“climate-responsive,”
building. S
Energy-Efficient

Advanced Technologies

Materials

Energy-saving

- Superior building
appliances, advanced materials, including
energy controls and high-ef'ficiency
thermostats, efficient windows, insulation
heating and COOiing R N R R NN ] brick .Coanete :
systems, photovoltaics, masonr}:, and interior
and solar water finish products.
heating systems.
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Buildings use 70% of electricity generated in the U.S.
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Energy Efficiency

Energy Star Appliances

Refrigerators — Half as \*
much energy

Clothes Washers — Save up to
$110 per year

Qil & Gas Boilers — Save up
to 10%

Programmable Thermostats —
Save up to $100 per year

¢

Lo

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
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Solar Radiation
Wind
Biomass/Biofuels
Geothermal
Hydro
Others….



Solar Electric Potential on Tribal Lands
Could Provide ~4.5 times the Total U.S. Electric Generation

‘ Polenbiol Solar Goeneratior from Tribal Lands
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Geothermal Technology Options

Rainwater

Hot Rock GEOTHERMAL HEAT PUMPS (GHP)
ak.a Ground Source Heat Pumps (GSHP)

Ground Coupled Heat Pumps (G CHP)
ak.a clased loop heat pumps

Groundwater Heat Pumps(GWHP)
ak.a. openloop heat pungs

Disposa to | ke,
i, v,

twowdl

single well

Surface Water Heat Pumps (SWHP)
1k lake orpond loop heat prmps

indirect
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Sizes and Applications

Small (<10 kW)
Homes
Farms

Remote Applications (e.g.

water pumping, telecom
sites, icemaking)

Intermediate
(10-250 kW)

Village Power
Hybrid Systems

Small Distributed
Power

e T o e
[/ v‘“‘i"v‘fzv‘vﬂa ¥

Large (250 kW — 2+ MW)
Central Station Wind Farms
Community Distributed Power
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Small & Micro Hydro
Power Options
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Biomass & Bioenergy Flows
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Presentation Notes
What we’re doing at NREL is to try to get people to look at the bimass flows, the energy flows, the food flows, the fiber flows, and get a handle on their economy.  This is where all of the residues come from.  And basically the first step in going into any country, whether it’s a European country or a developing country, is to try to get some quantification around this figure.  Until you do that you really don’t know where you stand in the biomass business and the real problem of the biomass business is that an enormous number of the consumers do not actually pay for it in dollars.  It’s not like buying oil or electricity, where there is a unit that is paid for, there’s a good accounting system.  In biomass, most of the trade,  maybe more than half of it, is either informal - people do collection (picking up) or occasional purchase  - or within industries they have residues they generate themselves.  So if you’re making sugar in a sugar cane mill, you make the bagasse on the side.  And the bagasse is used to provide process heat and also some electricity.  No money changes hand in processing those residues in energy, so generally speaking the statistics in most countries are weak.  And in a lot of developing countries, they’re not only weak, they’re ignored because they’re an evidence of lack of development.  

Unlike solar or wind, biomass has a very negative perception, and justifiably so ....  because it’s abusing the environment and it’s polluting the ....  It has to be fixed.  So some countries are in a state of denial you cannot get their statistics.  



Biomass Energy Pathways

No Air

Partial air

Excess air

Pretreatment

Fermentation

L Ethanol
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Gases
(CO+H,)
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Hydrolysis

(Heat & Pressure)

CH 4

Liquids

Transesterification

Biodiesel
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Residential

Community
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Significance of the “Billion Ton” Scenario

Billion Barrel of Oil Equivalents
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Presentation Notes
Oak Ridge National Laboratory (ORNL) and the United States Department of Agriculture (USDA) issued a report that describes a scenario for producing 1.3 billion tons of biomass every year in the United States. This slide puts the ORNL-USDA Billion Ton Vision Study in context of petroleum displacement.  

Currently, the United States uses more than 6 billion barrels of oil each year. (Note: There are accounting differences that depend on whether imported refined products, crude oil to strategic reserve, etc., are included.)

The United States (including Alaska) currently produces about 2 billion barrels of oil per year—67% of the biomass potential. 

U.S. oil production peaked in 1970–1971 at approximately 3.5 billion barrels per year. The U.S. has never produced more than 3.5 billion barrels/year of oil.

It is difficult to see how the United States can ever meet its demand for transportation fuels with domestic resources. Reducing consumption by one-third to one-half may be necessary for the United States to achieve a balance between supply and demand of liquid fuels. We are not doing so with petroleum, and it is difficult to see how we can do so with biofuels without some reduction in demand. This underscores the importance of R&D on hybrid and fuel cell vehicle technology.

For the near-term EtOH from grains, the estimate (yellow barrel) was based on a very aggressive 20 billion gallons of ethanol per year per the estimate of NCGA. Many experts believe this level can be achieved without significantly increasing food prices. 2005 capacity for grain EtOH in the United States is approximately 4 billion gallons. The benefit of grain EtOH is that the technology is cost-competitive today; the disadvantage is that the total effect on petroleum displacement is limited. 

For the mid-term, conversion technologies of lignocellulosic biomass are assumed:
90 gal EtOH per ton (per 2002 Design Report’s Market Target) 
72 gal EtOH per ton via thermochemical conversion (per Bain’s Feb. 9, 2005, tech memo).�
This includes all forest residues. Lignocellulosic biomass yields are based on “today’s technology” and assume alcohol production. Further improvements in conversion efficiency or alternative end products can dramatically change the effect biomass can have on displacing petroleum. Moreover, there is no competition with food. The main  barrier keeping the United States from exploiting this sustainable resource is the availability of cost-effective technology for converting the biomass into clean liquid fuels. This is the primary objective of DOE’s Biomass Program.

The energy content of biomass was determined from the split of biomass type in the billion ton vision report. Energy contents are based on higher (Gross) heating values, dry weight. �[No municipal solid waste (MSW) was included in the report. The United States produces about 200-300 million ton/yr of MSW. ORNL did include some cellulosic MSW in the report. However, it is somewhat buried because the authors tried to separate resources attributable to forestlands and croplands. For example, urban wood waste was considered part of the MSW waste stream from forestlands. In the report, the authors say 28 million dry tons of this material is available in a sustainable manner. Their estimate included all that caveats dealing with current uses, contamination, recycling, etc. They also included about 23 million dry tons of non-wood MSW from cropland.] 

Further improvements in conversion efficiency can dramatically change the effect biomass can have on displacing petroleum. Note the gap between the 3.5 billion BOE of resource potential and the 1.9 billion BOE of deliverable liquid fuels with today’s technology. Reducing this gap, or improving the conversion efficiency of converting biomass into liquid fuels, represents one of the largest scientific challenges for biofuels. Reducing this gap not only increases the amount of petroleum biofuels can replace but also improves the economics of biofuels. As for any commodity product, high yields or high conversion efficiency leads to lower commodity prices.




U.S. Farm Energy Use, 2002

~75% Petroleum (assuming electric Irrigation)
Festicide Irrigation

Production / 7%

6%

Diesel fuel
(non-irrigatian)

22%

Fertilizer
Froduction
a
29% asoline
4%

Electricity Matural Gas

(roninigatior Liquid (o inigation)
16% Petroleumn Gas 1%
5%

Earth Policy Institute from USDA & DOE data

National Renewable Energy Laboratory Innovation for Our Energy Future



United States Food System Energy Use
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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.
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