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Powerhouse: Transforming Energy 



Large 
Engines at 
the EECL 

Cooper-Bessemer GMV Waukesha VGF 

Manx 
Engine 

Clark TLA 

Cat 3508 Diesel Cummins QSK Superior Waukesha VHP 

Cat 3516C NG 
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Annual NOx Savings 
= 150,000,000 Autos 



Gen III Stove 



Factor(E) Ventures 
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2009 Solix Biofuels. 
All Ri ht R d  
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The ARPA-E Mission 
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Ensure America’s 

• National Security 

• Economic Security  

• Energy Security 

• Technological Competiveness 

Catalyze and support the development of 
transformational, high-impact energy technologies  

 

Reduce 
Imports 

Reduce 
Emissions 

Improve 
Efficiency 
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A Brief History of ARPA-E 

Funding Distribution (Lead Institution) 

Investing in America’s 
Best and Brightest 

Universities 
35% 

Small 
Businesses 

37% 

Large 
Businesses 

19% 

National  
Labs 6% 

Non-profits 
3% 

• 2007 
‣ America COMPETES Act signed, 

authorizing ARPA-E 
• 2009 
‣ American Recovery & 

Reinvestment Act signed, 
providing $400M to establish 
ARPA-E 

• 2014 
‣ Over $900M invested in 362 

projects funded 
‣ 22 projects have attracted 

>$625M in private-sector funding 
‣ 24 new companies formed 
‣ >16 projects partnered with other 

agencies for further development 

Presenter
Presentation Notes
EricHistory with data.  Need updating and probably some graphics.  Could use the “rising arrow” chart instead, but that also needs updating with FY 2014 budget number and does not have the other data on it.Updated stats coming – will be about XXX projects across XX states and over $1B in funding.  Distribution probably about the same.



Focused Programs 
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Transportation  
  Energy  
    Technologies 

           Stationary  
               Energy       
  Technologies 

Solar 
ADEPT 

REMOTE 

RANGE 

MOVE 

PETRO 

Electrofuels 

BEETIT 

GRIDS 

IMPACCT 

GENI 

ADEPT 

METALS SBIR/STTR REACT AMPED HEATS 

BEEST 

FOCUS 

SWITCHES 



Creating New Learning Curves 
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existing learning curve  

new learning curve 

tipping 
point 

transformational 

transformational & disruptive 

Steam-powered Cugnot (1769) 

Benz Motorwagen (1885) 

Ford Model T 
(1914) 

http://upload.wikimedia.org/wikipedia/commons/5/56/FardierdeCugnot20050111.jpg
http://upload.wikimedia.org/wikipedia/commons/7/71/1885Benz.jpg


Developing ARPA-E Programs 
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ARPA-E Program Directors 

2014 

http://arpa-e.energy.gov/?q=about/profiles/dr-ji-cheng-zhao


Products 
making an 
impact in the 
world 

ideas 
x 

x 
x 

inadequate team 

insufficient value 
poor implementation 

Improving the Yield 

Low yield 
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Products 
making an 
impact in the 
world 

ideas 
+ value 
+ team 
+ implementation 

Changing the Model 
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Changing the Model 

Create 
Programs 

Manage 
Development  

Identify White 
Space 

Select Projects 

Advanced 
Technology 

Markets and 
Techno-economics 

Stakeholder 
engagement 

Skills and 
Resources 

(value) (people) (implementation) 

Technology-to-Market 
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ARPA-E Program Framing Questions 
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What is the problem to 
be solved?  

What is the current 
state of R&D? How is 
the proposed program 
a transformative and 
disruptive approach? 

What are the program 
goals and how will 

progress towards those 
goals be measured? 

What research 
communities need to 
be brought together?  

How does the program 
complement R&D 

efforts in other DOE 
programs, federal 
agencies, and the 

private sector?   

Why is now the right 
time to solve this 

problem?  

What happens at the conclusion of the 
program? What are the barriers to 
commercialization and how might 

these problems be overcome?   

If successful, how will the proposed 
program impact one or more of 

ARPA-E’s mission areas?  

Adapted from the DARPA Heilmeier questions 

Presenter
Presentation Notes
EricDescribe the framing questions in the context of program development, but note that they will come back in the context of proposals as well.



ARPA-E Programs 

REMOTE 

RANGE 

MOVE PETRO 

BEEST Electrofuels 

Transportation Energy Technologies  

REACT AMPED HEATS 

METALS SWITCHES 

Transportation and Stationary 
Energy Technologies  

Solar 
ADEPT 

BEETIT 

GRIDS IMPACCT 

GENI ADEPT 

FOCUS 

REBELS 

Stationary Energy Technologies  

ARPA-E has invested in over 375 energy technologies across  
19 focused program areas and 2 OPEN solicitations  
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Accelerating Low-Cost Plasma 

Heating and Assembly 

FOA released 8/28/14 
Concept Papers Due 10/14/2014 

FY14 Focused Solicitations 
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Reliable Electricity Based on 

ELectrochemical Systems 

Selections announced 6/19/14 

 
Delivering Efficient Local  

Thermal Amenities 

 
Methane Observation Networks 
with Innovative Technology to 

Obtain Reductions 
   FOA released 4/29/14; 

Concept Papers submitted 6/13/14 
   FOA released 4/29/14; 

Concept Papers submitted 6/13/14 

Advanced Research in Dry-
Cooling 

Transportation Energy Resources 
from Renewable Agriculture 

FOA released 9/26/14 
Concept Papers Due 11/10/14 

FOA released 9/26/14 
Concept Papers Due 11/17/14 
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Always recruiting Program Directors 

‣ Opportunity to deploy $30M-$100M for high impact R&D 
‣ Close-knit PD community 
‣ Great support staff 
‣ Great performer community 
‣ Typical profile: PhD, strong scientific / R&D 

accomplishments, strong credentials in commercialization 
‣ Expectations: Conceive program, deep dive, workshop, 

program management, travel, travel, travel 
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Continuous detonation combustor 
‣ Benefits of continuous detonation 

– More efficient 
– Pressure rise during combustion 
– Short combustion time may limit 

NOx production 
‣ Project designed and built a 

combustor and tested it in a 
simulated gas turbine environment 

Continuous 
Detonation 

Engine 
Combustor 
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Continuous detonation combustor program 
status 
‣ Test hardware designed, 

built, and activated in test 
facility 

‣ Testing under conditions 
typical of combustors in 
power generation gas 
turbines 

‣ 13 Hot fire tests completed 
– Exploring for conditions 

conducive to detonation 
– Covered about 1/3 of 

tests in exploratory test 
plan after initial test point 
did not produce 
detonation 

‣ Facility in stand-down state 
– funds exhausted  

Export Controlled - ECCN: EAR99 

Rotating detonation 
combustor section 

Awarded follow-on funding in September 2014 by NETL 
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Turbo-POx For Ultra-Low Cost Gasoline 

‣ Efficiently 
facilitating natural 
gas conversion 
into a liquid fuel 

‣ Partially oxidizes 
natural gas in a 
high-temperature, 
high-pressure 
turbine combustor  

‣ Simultaneously 
improves the 
efficiency of gas 
conversion and 
generates high-
quality waste heat 

Gas-Gas 
Injector 
(Oxygen + 
NG)  with 
Recycle 
Stream 
Injection 

Water 
Cooled 
Liner 
(internal) 

Quench 
Lances 
(syngas 
cooling) 

Syngas 
Product 
Out 

Manhole 

Vessel Skin 
Temperature 
T/C 

POx Development  
Combustor at GTI 

26 



‣ Lower GTL Plant CAPEX by ~15% 
– Eliminate requirement for Water Gas Shift and PSA through H2:CO ratio 

optimization in POx unit 
– Reduce BOP CAPEX by recycling by-product/waste streams to POx 

unit 
• Wax, light hydrocarbons, contaminated water, etc. 

‣ Shortens Construction Schedule 
– Minimizes exposure of project economics to NG, oil price volatility 
– Construction less than 12 months 

‣ Operational Simplicity and Flexibility 
– Eliminates pre-heat and start-up/shut-down requirements for refractory 
– Active cooling/materials selection avoids metal dusting, achieve long life 

 
Aerojet Rocketdyne POx Technology Provides a High Degree of 

Plant Integration Flexibility to Increase Capital Efficiency 

Advantages of the Rocketdyne POx technology 
for distributed natural gas conversion 
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Rocket Engine Derived High Efficiency 
Turbomachinery for Electric Power Generation 

‣ Regeneratively cooled super critical CO2 turbine 
‣ Cooling allows for the turbine to operate at higher 

temperatures and pressures than standard terrestrial turbines 
‣ Potential to more than double power plant efficiency which 

would reduce cost and emissions 
 

Awarded follow-on funding in September 2014 by NETL 
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Laser Ignition System for Next Generation High Efficiency, 
Low Exhaust Emission Combustion Engines 

‣ Develop a laser ignition system 
capable of operating at “under hood” 
temperatures of 200°C 

‣ Target is 10 mJ, 20 Hz, M2<2 
‣ Cost target is $150/spark head 
‣ VCSEL pump laser with gain offset 

to compensate for temperature, up 
to 120°C, 10nm shift over 150°C 

‣ Increase pumping period of Yb:YAG 
rod to compensate for gain 
reduction from increased 
temperature 
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Previous  
Nd:YAG unit 

The Problem 

The Solution 

SOA Advancement 

Configuration Single pump, fiber 
coupled to laser 

Individual pump + laser 
on each cylinder 

Gain medium Nd:YAG Nd or Yb:YAG 

Pump laser 50°C 140°C 

Solid state laser 100°C 200°C 

Cost / cylinder $5,000 $150, 1M 
$60, 5M 

POTENTIAL IMPACT 
‣ 10% increase in engine 

efficiency on natural gas 
‣ 27% increase in gasoline 

engine efficiency with 
high EGR  

‣ Increased durability 



Electrothermal Energy Storage using Transcritical CO2  
GE Global Research 

‣ Hybrid energy storage system using electricity and 
heat storage to drive high efficiency and compact 
supercritical CO2 power cycle to generate 
dispatchable power.  

‣ Electric energy storage used to establish solid-liquid 
phase change heat sink and heat storage using 
molten salt – providing high energy density and low 
cost.  

‣ Compact, high efficiency, and low cost power cycle 
using supercritical CO2 high pressure ratio 
turbomachinery. 

‣ Novel thermal management technology: thermal 
barrier coatings, shaft heating, anisotropic stator, 
porous stator.  
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Technology Impact 
Transformational advancement in the 
economically sustainable deployment of hybrid 
energy storage at exergetic efficiency 70% and 
CAPEX of $100/kW-hr. 

SOA Advancement 

Round trip 
exergetic 
efficiency  

50% (CAES) 
65-70% (ACAES) 

 
70% 

 
CAPEX 

$165 /kW-hr 
(CAES) 

$180/kW-hr 
(ACAES) 

 
$100/kW-hr 

Shaft thermal 
gradient 

100°C/inch >150°C/inch 

Demonstrate sCO2 expander thermal management technologies to 
enable hybrid storage of heat and electricity at 70% exergetic efficiency 



Other “Somewhat Related” Programs 

‣ Stationary Vortices, “Dust Devils”, Georgia Tech 
‣ Rich engine reformer, MIT & RTI 
‣ Fabric covered wind turbine blade, GE 
‣ 3D printed induction motor, UTRC 
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Accelerating Low-Cost Plasma 

Heating and Assembly 

FOA released 8/28/14 
Concept Papers Due 10/14/2014 

FY15 Solicitations 
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Reliable Electricity Based on 

ELectrochemical Systems 

Selections announced 6/19/14 

 
Delivering Efficient Local  

Thermal Amenities 

 
Methane Observation Networks 
with Innovative Technology to 

Obtain Reductions 
   FOA released 4/29/14; 

Concept Papers submitted 6/13/14 
   FOA released 4/29/14; 

Concept Papers submitted 6/13/14 

Advanced Research in Dry-
Cooling 

Transportation Energy Resources 
from Renewable Agriculture 

FOA released 9/26/14 
Concept Papers Due 11/10/14 

FOA released 9/26/14 
Concept Papers Due 11/17/14 



Potential FY15 Solicitations 
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2015 Open FOA 
(certain) 

GenSets 
(maybe) 

Transportation 
(maybe) 

Grid structure 
(maybe) 

Windows 
(maybe) 

Micro Conc PV 
(maybe) 
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www.arpa-e.energy.gov 

Dr. Bryan Willson, Program Director 
Advanced Research Projects Agency - Energy 

Bryan.Willson@DOE.gov 
970-227-5164 

mailto:Bryan.Willson@DOE.gov
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