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Benefits of Algal Biofuels

v High productivityrelative to terrestrial
feedstocks.

v Adds value to unproductive or marginal lands.
v’ Able to use waste and salt water.
v’ Able to recycle carbon dioxide.

v" Able to provide valuable co-products, such as
protein to meet animal feed needs.

v Produces a range of biofuels including gasoline,
diesel, jet fuel, and ethanol.
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Algae Program Goals and Objectives

* Develop and demonstrate technologies to make sustainable
algal biofuel intermediate feedstocks that perform reliably in
conversion processes to yield renewable diesel, jet, and
gasoline in support of the BETO’s $3/gge biofuel goal in 2022.

* Meet aggressive productivity targets (2,500 gallons of biofuel
intermediate per acre annual average by 2018; and 5,000
gallons by 2022).
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i Getting lab scale work outdoors at increasing scales




Algae Focus Areas

There are two overarching focus areas:

v |
) Reducing costs of production
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Algae Focus Areas

There are two overarching focus areas:

— |

\g ) Reducing costs of production

* Strategies focus on: water and nutrient recycle, improving
energy efficiencies, improving CO, utilization, and
conducting resource assessment analyses
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Approach: Work Breakdown Structure

Algal Feedstocks

R&D
I .
I I I I I
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Peer Reviewed Project Funding by WBS

Algae Program FY13-15 Funding
for the 29 Projects to be Reviewed this Week

35.1M(6%) M Analysis & Sustainability
$9.4M (11%) Feedstock Production

B Feedstock Logistics
$2.6M (3%) B Conversion Interface
B Integration & Scale-up

$8.4M (10%)

$59.6M (70%)

Algae and Advanced Feedstocks

$35,000,000
$30,000,000

$25,000,000

$20,000,000

$15,000,000

$10,000,000

$5,000,000
s . . ;

FY13 FY14 FY15 FY16 Request




BETO Funding History
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EE— — NREL Lab Facilities

m Cookstoves

Strategic Analysis and Cross-
cutting Sustainability

Demonstration and Market
Transformation

M Conversion Technologies

Algae and Advanced
Feedstocks

Feedstock Supply Logistics

FY13

FY14

FY15 FY16 Request

*$45 million was transferred in FY14 to DPA



Algae Program FOA History

2009 2012 2013 2014 2015 2016 2018
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NEW: FY14/15 Targeted Algal Biofuels and Bioproducts

* GOAL: Reduce the cost of algal biofuels from

$7 per gallon (current projectionfor 2019) down to

¥

$5 per gallon algal biofuel by 2019.

* TOPICS:

1. Multi-disciplinary consortia to produce valuable
bioproduct precursors, alongside fuel components

2. Single investigator/smallteams focused on developing
crop protection and CO, utilization technologies

* STATUS:

— Closed December 19 @@2 =

— Selections anticipated April 2015, and awards in June
Photo credits FSU and NREL

U.S. DEPARTMENT OF Energy Efficiency &
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Key Accomplishments — Tech to Market

Technology-to-Market (Tech-to-Market or T2M) Mission

To identify and develop strategiesto overcome key barriers to the development
and success of commercial enterprises built around the Office of Energy Efficiency
and Renewable Energy's (EERE's) technologies and initiatives.

e BETO-funded Algae projects successful in
Tech-To-Market Transformation.

* Tools available through Life Technologies

— Research through the Consortium for Algal
Biofuel Commercialization (CAB-COMM)
developed a number of genetic tools for
green algae, cyanobacteria, and diatoms
that are now available for purchase online.

U.S. DEPARTMENT OF
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Key Accomplishments — Academic impact

NAABB started a new peer reviewed journal, Algal
Research (by Elsevier) and initiated a new conference
series: International Conference on Algal Biomass, Biofuels,
and Bioproducts

— Filed 37 Intellectual Property disclosures and released >100
peer-reviewed publications.

ATP3 holds formal and informal education and training in the use of
algae as a feedstock for biofuels and bioproducts through hands-on
learning opportunities, workshops, and seminars.

"ATP® workshops provide access to large-scale
algae facilities and a great forum to chat with
experts in an informal setting.”

Energy Efficiency &
Renewable Energy




Key Accomplishments — Workforce Impact

The ALGAE SECTOR,
provides San Diego with:
505 direct jobs
$103 million in direct economic activity
$175 million in total economic activity annually

CAB-COMM directly provided

opportunities for:
30 Postdoctoral Fellows NAABB directly provided

29 PhD students >80 job opportunities for a

6 Masters students wide range of expertise.
71 Undergraduate students

4 High School students

U.S. DEPARTMENT OF Energy Eﬁiciency &

EN ERGY Renewable Energy




Key Accomplishments - Technical

Cornell Consortia demonstrated economic
feasibility of delivering a fuel price of $2.76 to
$8.96 per gallon gasoline equivalent (gge)

Cornell Consortia achieved DOE MYPP target
of 1,500 gal intermediate/acre/yr (2014)

Sustainable Algal Biofuel Consortium (SABC) Project and several NREL AOP

projects

 Results* demonstrated that there is significant potential for overall
cultivation productivity improvement and associated cost savings by
shifting the focus of biomass production away from solely high-lipid
production conditions towards capturing value from all biomass
components (carbohydrates, proteins, and lipid)

*Results publishedin Laurens et al. “Acid-catalyzed algal biomass pretreatment forintegnated “p'dlfﬂgrcé{/blgmgigﬁ%y &

based biofuels production.” Green Chemistry August 2014. EN ERGY Renewable Energy
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Coordinating with Key Partners

* The Algae Program held public stakeholder workshops to
discuss what research and developmentis needed to achieve
affordable, scalable, and sustainable algae-based biofuels.

 These discussionsand further focus group meetings will help

inform an upcoming technical update to the National Algal
Biofuels Roadmap.

U.S. DEPARTMENT OF

Energy Efficiency &
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Coordinating with Key Partners
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Upcoming Activities

Upcoming design case will

focus on refining the -

projected cost of algal QJNREL
feedstock production (NREL)

Algae will be incorporated U.S. BILLISYN TON UPDATE
into the 2016 Billion Ton

Update

The program is beginning the e
process of a technical update A
to the 2010 National Algal
Biofuels Technology Roadmap

June 23 & 24, Bioenergy 2015 BIO
Breakout Session on Algae 6ENERGY

Scale-up & Integration 2015




Introductions — Peer Reviewers

 Emilie Slaby (Lead Reviewer), Independent Consultant
* David Babson, Union of Concerned Scientists

* F. Glenn Gallagher, DuPont

* Joanne Morello, Northrop Grumman

* Roger C. Prince, ExxonMobil

* Jennifer Stewart, University of Delaware

THANK YOU!

.S. DEPARTMENT OF Energy Efﬁciency &

u.s
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Algae Program R&D Partners
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Algae Funding Table
| FY2012 | FY2013 | FY2014 | FY2015

Advancementsin Sustainable Algae

Production (ASAP) 6.3

ASAP Testbeds 15.0 8.0

Advancementsin Algal Biomass Yields 16.5 3.5

Targeted Biofuels and Bioproducts 11.0 6.7
Other FOAs (CHASE & Incubator) 3.5 4.0
Core R&D (National Labs) 5.0 5.0 7.5 11.0
Algae Total Directed Funding 23.3 29 5 25.5 21.7

(Excluding Taxes and Programmatic Funding)

U.S. DEPARTMENT OF Energy Efficiency &
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Approach: Integrated R&D

LOGISTICS

PRODUCTION

Conversion lnterface

Lpooaoooo.'

......I...\

* To achieve program goals, the Algae Program funds research and
development across technology readiness levels (TRL 2-6) within a broad
portfolio of disciplines across the production and logistics chain.



Approach: Priority Pathways

The Office selected two initial priority technology
pathways as the most promising approaches to
achieving the Algal Feedstocks R&D 2022 targets:

1. Algallipid extraction and upgrading
2. Whole algae hydrothermal liquefaction and upgrading.




Algal Lipid Upgrading

Water + Nutrients l T Evaporation lFfoccufant lSofvent lHydrogen
Cell |
Flue _ ' : Hydrocarbon Biofuels
Concentration Oil Extraction 5 . ;
Gas Algae IDewatering & Purification Triglyceride (ie., Gasoline, Diesel, Jet)
Growth (Settling, dissolved (Cell disruption, solvent Refining
air flotation, extraction, solvent (Hydrotreating)
centrifuge) . . distillation) |
CO, + Nutrient Recycle Process Heat and Residual Biomass Process Heat and
2 Power Integration Power Integration

Power & ey
Utility Delivery |

Heat Integration & Power Generation
(Anaerobic Digestion + Biogas Combustion)

| AD Digestate
. (Co-Product)



Algal Hydrothermal Liquefaction

Water + Nutrients l T Evaporation

( Cell I . .\ Hydrocarbon Biofuels
g:: Al Concentration Hydrothermal Catalytic £ G oline. Dissel, Jet)
9ae  ____, [Dewatering _, [jquefaction Hydrotreating
Growth (Settling, dissolved (HTL) and Product
air flotation, Fractionation
| L centrifuge) ) \ | |
7N Y 7y | 2 - Off-Gas . 4 Process
| A 4 T Hz Heat and
. Process Heat and |Aqueous  Off- | Hydrogen Power
CO, + Nutrient Recycle Power Integration Phase Gas Plant Integration
l (if located at
| | | H ! \ HTL Plant)

Heat Integration & Power Generation
[Catalytic Hydrogasification (CHG) + Biogas Combustion]
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