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We don’t want to be a car that outruns its headlights.
Not that we move that fast,
just that the range of our “headlights” is not that far.
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Quantitative base and rationale for program
management

Answer three key questions:

1. What are the best R&D opportunities for ITP to meet
Its mission?

2. Which R&D opportunities can be significantly
Impacted by ITP resources?

3. Are the current R&D investments meeting our
mission goals?



.?: W US Dapartment of Energy
I. 5 §

' Energy Efficiency and Renewahla Energy

L
Ca

Early Studies and Analyses answer ed.:

« What are industries’ priorities (Roadmaps)?

« How much energy is being used (E&E Profiles)?
*  Where is this energy being used? (Footprints)?
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More Recent Studies and Analyses are answering:
« How much can energy consumption be reduced with R&D (Bandwidths)?

What are the energy savings from crosscutting technologies (Opportunity Analyses)?
« How do we gauge our success (Critical Metrics)?
* Do we have the resources to pursue the Opportunity (Investment Sizing)?

How do the opportunity and current investments compare (Marginal Opportunity)?

Bandwidths
Opportunity Analyses

GPRA

2004 Review 2006 Review
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Current and Future Studies and Analyses will answer :

Do the pursued R&D opportunities meet our 2020 goals (Recon

What are the engineering/technical issues with apply

Where is industry and energy consumption 20 years out (Scenar

ing the R&

iliation)?
(Scoping)?
10 Analysis)?

How to move transformational technologies into industrial practice (White Papers)?
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ITP's GPRA Analyses

and demonstration projects funded by ITP

reductions, and other project benefits

Sets basis for other analyses

Estimates the benefits resulting from research, development,

Determines potential energy savings, cost savings, emission

. . Energy Efficient Melting and Direct Delivery of High Quality Molten Aluminum (Energy Efficient

GPRADB Project Name: Isothermal Melting of Al - CPS Agr #13128

OITIS Mumber {if an active DOE contract exists) Market Inputs

Fun File Marme Isothermal 08 i Energy Efficient Melting and Direct Delivery of High Quality Molten Aluminum (Energy Efficient Isoth | Melting of - CPS Ag #1312

Freparer. BCS

QIT Program Manager: | il i

oI p,a,fmng Unit S Erur;‘nnugmmangm Total Market YImE Psor::::al Hanct Market Penetration

SIc:

Mational Lab ParicipantContact: [ 10+ years) | (48 Years) (2-3 Years)

Industrial PartnerCGantact: APOGEE Technology, Inc./C. Edward Eckert #of installed units in US market Ultimate Potential Accessible Markel (%) Initial R&D | Inflial System | Refined | Commercial | Commercial | Years |Technology | Years to

Data Source Aluminum Industry of the Future Quarterly Status Reports, December 2005 64 100% Completed | Prototype | Prototype | Prototype | Introduction |Accelerated| Class | Saturation
Proposal for Energy Efficient Melting and Direct Delivery of High Quality Mo year for data above Likely Technology Market Share (%) With OIT 2008 10
Aluminum Portfolio Reviews Project Surmmary for Energy Efficient Izothermal 2003 5% Wvithout QIT 2020 10
U.5. Energy Requirements for Alurminum Production; Historical Perspective annual market gmMDhﬂ/r’aIB (%) Savings A'"‘hU(Eﬂ'ﬂD;mWam (%)

h h

Technology Description Comments

Comments

Comments

Please provide a concise description (more than one-half page is unncessary) of the new technology you are proposing, addressing:
- Its function, and benefits to the industrial user of the technalogy

- The stats-of-the art technology it replaces

- The target of the technology and patentisl limitations to ts applications and bartiers

- Plant modifications necessary to incorporste the new technology

- Competing technologies

- The definition of one technology unt-year

Using a melt pool of 16.76 % 10°9 lhs in
2003 (see Apogee Baseline Metrics data
table on the bottom of the Background
tab), and a unit size of 131 500
tons/year; 16,760,000000 / (131,500 x
2,000) = B4 units.

Mote: Last year's melt pool was 32.7
Isothermal Melting (ITM) is a high thermal efficiency (net heat source-37 %)/low melt loss (~1%)/very high spatial efficiency (>3 yijion bs, which was based on the

submersion aluminum melting technology that uses electric resistance as the melting heat source and conduction/convection dewsloper's input. This year's represents
replaces the aluminum industry dominated natural gas fired reverberatory batch processing furnaces that typically operate at @a49% reduction in the melt pool size
melt loss of 2-7%, and a spatial efficiency of B0 [b/hr-ft42 in & radiant heat transfer mode. The original project resulted in a com

rate of 5,000 Ib/hr, which was installed at Commonwealth (Aleris) Aluminum. This project was extended as Energy Efficient hgAnnual market growth rate of 0.8%
Quality Molten Aluminurm. The overall abjective for the extension is to supply fully processed high guality molten aluminurm dirs©0mes from the 2008 Annual Energy
off-site Isothermal Melting furnace. Molten aluminum produced fram the furnace is transported by electrically selfheated trailer Utiook, February 2008, py. &3

Ibs capacity. The |adles discharge molten aluminum over a 5-hour period into an in-plant docking station that replaces a 75 000
facility. This project will eliminate the need for a maolten inventory and any further processing of molten aluminum at the casting

Annual growth 3.2% for North America
comes from Alcoa's 2005 Annual Report,
po, 2 (data developed by McKinsey)
One unit-year operation is defined as a single, continuous 75,000 |bfhr melt rate ITM furnace operating at a 40% nominal uptir
aluminum throughput is 263 million |bs x 1 ton/2,000 Ibs = 131 500 tonsfyear. We are using an average of 2% growth
rate

Potentially, all of the melting/holding
furnaces could be switched over to
incarporate immersion heaters. A
conservative estimate of 65% is
assumed.

Mote: This techalogy can be retrofit onto
existing furmaces to lower their energy
use and/or to increase their capacity

without ITP funding. There are no known competitive technologies being develuped

Technology clags b'was chosen as the market penetration for this technalogy.

Full scale elements were developed and tested in Commanwealth (Aleris) Aluminum in 2005 at the 5 000 Ibhr level

Immersion heaters are not a new technology. However Apogee has developed a unique element producing high watt/cm2 and
resistant to malten aluminum. Apogee is a very small operation and is unlikely that they would have developed this technalogy
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* Prioritizes the energy opportunities
various R&D categories

requirements of major processes
 |dentifies current State of the Art (SOA)

Industry Total:

Categorizes the opportunities as to best practices or

Determines theoretical and practical minimum energy

1700 TBtulyr Practice &
SOA

State of the Art Plant: =300
1400 TBtu/yr
R&D
Opportunity
=900

Practical Minimum:
500 TBtu/yr

2004 Energy Intensity

State-of-the-Art (SOA)
Capital Investments

Industrial Reaction and Separation

Energy Conversion Systems

8
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Mapping R&D and State of the Art Investment Opportunities
Identified in the Bandwidth Analysis

Industry Total: Practice & g
1700 TBtu/yr SOA
=300
State of the Art Plant: State-of-the-Art (SOA)
1400 TBtulyr Capital Investments
R&D
Opportunity
=900
Practical Minimum:
500 TBtulyr
Theoretical Minimum: Energy Conversion Systems
200 TBtulyr

2004 Energy Intensity
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* ITP has limited resources; potentially limiting ITP’s
Impact
* ITP must focus its resources on R&D with the best
Impact
e Vehicles to help identify the best impact are:
- Marginal Opportunity Analyses
= Critical Metrics

= Metrics Reconciliation

10
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110 - Direct Smelting of Iron Ore
-
- -
100 - . " -
- -
- "X
: : : -
90 - Thin Strip Casting/ . - Benefit-to-cost curve for new
Near Net Shape Casting L - - 4 R&D opportunities
A -
= 80 - %
o P .
‘;‘ = Increased Direct
5 §‘ 70 - + Carbon Injection
g b P Marginal opportunity for energy savings in
S < A Heat Capture from 2030 as a function of federal R&D spending®
c O
= 60 - ¢+ EAF Waste Gas
5 E ’
5 A Integration of
5 50 . o Refining Functions
Vs
& BF Slag Heat Recovery Energy savings in 2030 from
40 - successful projects in current R&D
! EAF Melting Advances /portfolio (34.6 TBtu)
L o o o e e e m m e e e e e e e o | 2
30 Note: Projected energy savings
are based on savings attributable
to Federal investment
20 I I I I !
0 10 20 30 40 50

Additional Federal R&D Spending® 11
($Million)
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« Establish key technical metrics and associated pathways
for each technology against which progress can be
measured

* Quantify baseline value of the metric and establish goal

13
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Forest Products: Advanced Water Removal

Advanced Water Removal Critical Metric:
Solids Content (%)

100
920 % Solids in Wet
DOE Support Ends = Web

80 Non-Evaporative Paper Drying aper ve
< K
s 70 Issue Initiate Initiate Field = 0%

Solicitation for Prototype Testing
e 60 Non-Evaporative Development
9 Paper Drying
g 50 \ 1 DOE Support Ends .
@) e 4590
Initiate Commercial- Initiate Concept Initiate Field

(%)) 40 Scale Steam Cycle DOE Support Ends Definition of Non- Teislting ! 0
E Washer Assembly — Evaporative Weak Black = = [ 35
) 30 Installatlon Liguor Concentration 1 I
n i Non-Evaporative Weak 20%

20 Black Liquor *

. Concentration
10 Complete Field |n|t|ate 12%
Testing Prototype .
Steam Cycle Washer Development % Solids in
O T T T T ! ! ! ! Weak Black
'04 '05  '06 ‘07 '08  '09  '10 ‘11 r12 Havor

Fiscal Year

14
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Industry Focus Area Critical Metric Goal Value
Aluminum Alternative Reduction Systems Footprint 35,000 tonnelyr
Advanced Hall-Heroult Cells Anode-Cathode-Distance 20cm
Melting/Thermal Technologies Thermal Efficiency 50%
Melt Loss <1%
Forming Technologies Product Yield 90%
Chemicals Reactions Product yield 95-100%
Conversion per pass 40-90+%
Separations: distillation Column efficiency 50%
Reduction of baseline reboiler load 25%

Separations: membrane

Reduced membrane and module cost)

$30-750/m2 depending on application

Membrane lifetime 10 years
Enabling technologies Onstream time 95%
Ratio of process energy to theoretical minimum Less than 2
process energy
Forest Products | Advanced Water Removal Solids Content: weak black liquor % TBD
Solids Content: wet end paper web 70%
High Efficiency Pulping Energy Intensity % TBD
Improved Fiber Recycling Recycled Fiber Yield % TBD
Innovative Wood Drying & Curing | TBD TBD
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Industry Focus Area Critical Metric Goal Value
Glass Next Generation Melting Systems | Melting System Energy Efficiency Container 3.4
(MMBtu/ton glass) Flat 5.0
Fiber 3.0
Energy Efficiency Performance Glassmaking Energy Efficiency (MMBtu/ton | Container 5.5
Improvements glass) Flat 7.7
Fiber 12.0
Advanced Processing and Process Yield Flat 80%
Environmental R&D Container 96%
Textile Fiber 94%
Insulation Fiber 90%
Glass Melting 98%
Metal Casting Advanced Melting True Yield 56%
Innovative Casting True Yield 71%
Mining Extraction Average Product Recovery Ratio 74%
Beneficiation & Processing Average Product Recovery Ratio 74%
Materials Handling Diesel Consumption Ratio 5.2 bbl/1,000 tons mined
Steel Cokeless Ironmaking Nugget Purity >05% Metallic Iron Content

Next Generation Steelmaking

Energy Efficiency (MMBtu/ton of steel)

Integrated (BF/BOF) Route 14.3
Scrap-based (EAF) Route 6.0

Yield Improvement

Process Yield

Ironmaking 98%

BOF Steelmaking 95%

EAF Steelmaking 95%

Finishing Operations >99%

Applications 90% 16
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Reconciling several programmatic metrics will provide important benefits

Reducing IOF energy
intensity by 20% from
2002 to 2020

2002 energy consumption
from the AEO Industry
Footprint

Current and theoretical min
energy consumption
from bandwidth

2006 - 2025 energy savings

in the GPRAOG estimates

\

set of
ons

*Validate current R&D strategy
— Can the current portfolio meet
goals?
— On what basis should we
allocate R&D funding to
opportunities?

sldentify opportunities for
additional savings

e Estimate saving per dollar of
Federal investment

17



Compare Roll-up of Bandwidth to
Projected 20% Industry Savings

— Evaluate the difference Industry Energy

BAU

7

w/ I TP Impact

GPRA savings

of the Potential
Bandwidth / Footprint
Savings

20% Reduction

Unfunded Potential
Savings Based on
Bandwidths and

Opportunity Analyses - I 1
Y ear 18
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Preliminary Results

 Based on 6 IOFs

e Does not include:
= Best Practices / Save Energy Now
= Crosscutting
= Other industries

25,000 -

&

g ot 7 Bt Current Technology (-1%)

> Baseline without I TP (-9%)

(7) 20,000 -

c

g With ITP Savings (-12%)

= Reduction Goal (-20%) =

®

0 Practical Minimum (-31%)
15,000 .

2002 2020

19
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Studiesand Analyses
give | TP the Focus and Measure
0 Meet itsMission
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Often, bureaucracies get awfully caught up in intangible
policies and strategies. At the end of the day, it is clear,
understandable metrics that will tell you if your strategies are
working or not...

21



	Industrial Technologies ProgramCorporate Peer Review
	Studies and Analyses
	Maximizing Impact of ITP Budget
	Steel Marginal Opportunity
	Marginal Opportunity Curve
	Critical Metrics
	Metrics Reconciliation
	OpportunityReconciliation Studies and Analyses
	Conclusion


