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/TP’ Arizona Center for Algae
s Technology and Innovation

\ | The Arizona Center for Algae Technology and Innovation (AzCATI):
| ‘ A formed in 2010 through stimulus funds designated by the Science
Foundation of Arizona to serve as a hub for research, testing, and
-, commercialization of algae-based products.
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AzCATI Portfolio

AzCATI — $4M. CO, mitigation from flue gas into algae
based fuels; Reactor development; Strain selection and
development; Processes for products; Wastewater;
Downstream processing and nutrient/media recycling; Test
bed expansion

USDA — $1M. Development of best management practices
for algal crop protection

ARPA-e — $7M. Cyano-bacterial based photosynthetic
factories - secrete fatty acids for fuel production

SABC - $ 6M. Biochemical conversion of algae to fuels;
QA/QC protocols & characterization; Enzymatic
pretreatment for fuels

ATP3 — $15M. National algae test bed network

DOE - $0.5m. Managing microbial ecology in cultivation
systems
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/\TP* Steady and encouraging
i, progress for the Algae Industry

\ ; Challenge Space: 1. High cost of production

% 2. Demonstrating scalability and
> 3. Availability of nutrient/CO.,/water resources
> Opportunity Space:

Technical Policy Business
» |ncrease productivity = Support from USDA for » Take advantage of high
. - algae as precision value markets to facilitate
Increase lipid content agriculture learning
= Increase robustness and . . .
resiliency to resist EF:,IASnd tl'JSDA't' | Corll[’glnluet tohfoclus on
redators collaboration critical on multiple technology
P CO, and GMO policies, pathways and strategies
» Improve early detection of crop designation,

' i i - ' innovation
contaminants agricultural practices and - | OSter business

. - policies and tax
E:r\{g ||§ %ig?]vgasltirnai![r;s to incentives/rebates.
= Carbon reuse and EPA
rule-making: recycle
waste rather than bury
waste ;

= Improve energy efficiency
of downstream
processing



/\TP® Collaboration, convening
g Ll Tined and leverage

\ | Collaboration, convening and leveraging

l represents the largest set of opportunities the
algae industry can seize in order to confront its
challenges

Collaborate
Convene

Leverage
- Share knowledge, accelerate learning

- Reduce risk

- Accelerate R&D (commercial) outcomes
- Maximize return on investments

- Increase probability of success

- Reduce business failures




/TP .
s, ATPS: National open test bed

The formation of the Algae Testbed Public-Private Partnership leveraged
Seuidl the existing resources at AzCATI and partner sites. The network
; represents a collaboration of industry, laboratory, and educational
facilities across nation. ATP? aims to convene all algae stakeholders to
facilitate opportunities and progress more rapidly to commercialization..
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/N\TP” . o
i ol ATP3 primary objectives

} b Collaborative Open Testbeds

‘ * Establish network of facilities for the algal research community and

b increase stakeholder access to real-world conditions for algal biomass
production.

‘“o= . + Accelerate applied algae research, development, investment, and
commercial applications for biofuel and bioproduct feedstock production.

High Impact Data from Long Term Algal Cultivation Trials

* Design and implement a unified experimental program across different
regional, seasonal, environmental and operational conditions comparing
promising production strains at meaningful scales.

* Data made widely available to the TEA/LCA and overall research
community allowing for a robust analysis of the state of technology.
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Collaborative Open Testbeds

ATPS3 offers access to a wide array of services, capabilities and facilities:

Strain Identification Education A |
] Isolation nalytica rainin
[y o=, Anaiytica & Tabing Cultivation Capaciy ' """
) >0 N ATP? Partner Site Total (Liters) o "ci't:"
T ) uscaemgs G
/\Q-/\ iomass Production =
R 8 &Stllapp:jv : Equipment Stakeholder Access OpenPond | Closed PBR
Testing to Facilities
Asu (azcaTny| 2K 2K 15 20MT
(200- 125K) | (150 15K]
100,000 12K
Cal Poly (CP ' 10-15MT
YOI ko0 | 2001k
750,000 300K
Cellana (KDF ' 12-15 MT
ST AR ellana(kDF) | 500 1206 | (200 24Ky
) 30,000 200
Florida Algae (FA ' <05 MT
92eFA) | s00.1k) | (indooroniy
525,000 3000
Touehstone(TRL) | 500 125K | rs-7s0) | *=*MT
6000 200
GeorgiaTech. (GT
corgiaTech.(GT)| 1 15k) | (indooronyy | <O'MT
R T Total | 1,600,000L | 330,000L | 17-25MT

£

l .
N . cellana™

Y Testbed locations

Regional testbed facilities for the partnership are physically located
in Arizona, Hawaii, California, Ohio, Georgia, and Florida.



A:.['?bd ATP3: Open for business

Public-Private Partnership

\ .« Providing biomass, equipment
| l . testing, analytical, culture

i maintenance and consultation
| services to academia, industry
.~ and national labs

* [ncludes fee-for service
activities, sponsored research,
and subsidized projects
through ATP? Support
Program

« The ATP3 model is positioned
to drive technology research
and development- a place to
de-risk and validate
technology innovations
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il it ATP3 Offers Support Program

| The Goal — encourage and enable small businesses, entrepreneurs and underfunded
academic researchers to pursue new approaches to solving technical issues associated
x ‘ with commercialization of algae biofuels, processes, and co-products.

I What is it ? — For a limited number of applicants that need access to laboratory and
| outdoor facilities as well as resource support for novel projects, ATP3 will provide
/\3’/ subsidized access to testbed facilities, technical expertise, materials, and supplies.
.~ = Preference for support will be given for short-term projects ranging from 1-3 months and the

o
» | willingness to share data and results widely through publication.

Easy to start the process: Visit ATP3.org and fill out an expression of interest form

Initial cohort of support projects  Support may include:

includes: e Biomass (whole, extracted, oil)

e Novel cultivars for flue gas capture e Access to cultivation & downstream
(University of Delaware) equipment (eq. transport, install/removal)

e Carbon management and delivery (LBNL) e Access to R&D, production & analytical

e AD with LEA (Cal Poly) expertise

Initial cohort of support projects e Access to laboratory and office space

includes: e Travel stipends to testbed (currently limited to

e Accepting applications for next cohort academic clients)

selection

13
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Public-Private Partnership

|

Education
& Training

Education & training

* Quarterly educational workshops hosted at
ATPS3 sites

Well attended by broad mix of academic and
industrial participants

TESTIMONIALS

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

"ATP*s workshop really helped me learn how
algae Is produced from beginning to end.”




/N\TP° High Impact Data:

Algae Testbed

Long Term Algal Cultivation Trials

\ | ATP3 sets standards and conducts harmonized, rigorous, and objective
long term cultivation trials to provide a realistic assessment of the state
of technology for algal based biofuels and bioproducts.

L« Our Unified Field Studies (UFS) at the 6
I 2 testbed sites along with our Advanced Field

= Studies (AFS) enable comparison of
promising production strains at meaningful
scale across variable conditions

* Our Scientific Data Management System
and validated, harmonized SOP’s for
analytical and production processes ensures
data integrity across all sites

* Our data from the UFS and AFS will be
made publicly available and provide a critical g =
resource to TEA and LCA analysis yielding ™
high impact, validated data

T e



A:.';!:T:stbed Field Studies for High Impact Data

Public-Private Partnership

¢ Unified = All six testbed sites

—a performing the same experiment
in the same systems with the
same protocols and strains
simultaneously

N
-

Cellana UFS ponds

Advanced = Sites with various
capabilities will test additional
production methods and
variables to provide data to
further enrich the model inputs

Cellana Large Scale Ponds .




/AN\TP? Standardization of processes and systems Is
* Algae Testbed key to executing meaningful multi-site
cultivation trials

Public-Private Partnership




/N\TP’ Standard Experimental

Algae Testbed

~ Public-Private Partnership Conditions and Sampling

OD@ 750nm Dawn +60 min, M - F
LI pawn +60 min M, W, F, T0, TF
T dawn +60 min M, W, F, TO, TF

Set Point TO (inoculation or directly post-

dilution), TF (prior to a harvest or
Mass balance dilution occurring) — samples MUST
2200 (TGS IS ET N 1) B be taken within 1 hour of
C GO L), ek ] Parameter must have an AFDW AFDW/OD or a new AFDW sample
m 7.9 associated with all samples is required
Dawn +60 min M, W, F, TF
7.9 Weather data Real time (hourly)
m Real time (15 minute intervals)
Z Microscopic exam dawn +60 min M, W, F
20 Weekly, upon pond health
Genetic Analysis, qPCR decrease,
0.05 Manual checks (pH, temp, salinity,

depth) Daily; AM and PM
% Shading Monthly; AM, Mid, PM
Water chemistry Monthly ICPMS testing

18



A:.l;!zstbed Strains/Cultivar: Primary

pppppppppppppppppppppppp

UFS Strains

g Nannochloropsis oceanica, supplied by Cellana
D — Distributed to all sites fall, 2013

i * Chlorella vulgaris, LRB-AZ-1201 supplied by
ASU

— Distributed to sites June, 2014

* Representative cultivars for fuel and high
value (feed, omega-3’s) production

* Additional strains may be used for AFS

19



/NP’ 2014 UFS cultivation trials:

» Algae Testbed
" Public-Private Partnership P r O g r eS S t O d at e
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Public-Private Partnership

OpenEI International Sponsors and Partners

E Wiki  Apps Datasets = Communi [ "
@ en I pp. ty Welcome Ejwnrel | Log out P—
Browse~ Page Actions~ View~ Get Involved User~ OpenEl partners with a variety of international organizations to enhance its content, services and data offerings. Additionally, some,
Help directionally with OpenEl. Below is a list of OpenEl sponsor or p ips and notable data
Page 1 View source [ History Bl - Sponsors

t- ¢ Your Gateway to the World's Energy Information and Data E'ﬁ”EmﬁEF ;:E N RE L @ D

Since 2009, 6,580 users and bots have

A7 >IN ﬁ_ % @ a_.: ’;@ % _&_ Ao contributed 750,021 edits on 180,744
5 5 3 E == == A pages. See the impact we're having. Partners

build hermal hyd d I it d e
uifdings geotherma ydrogen smart gri solar utilities water Wi Follow UPEHEI i “7 » :‘.::;:bk ILLINO!S SFATE \l/lLAE g
—— ) UNIVERSITY W EN
| Y, Search partnenship HWinois’ first public university UNEP
¢ ¥ CLEANENERGY (@ |RENA < (CFR
Find Energy Resources Recent Community Activity Featured on OpenEl P MINISTERIAL st e < te Enengy AGency e \
b ; Blog Energy Department
y region : @ e transparent B aERE n OAK  “&*
, roups ompetition to Spur £ =
Creation of innovative W— P soLUTIONS CENTER Argonne “RIDGE  ISGAIN
Discussions Energy Apps Built GREEN BUTTON APPS Wanonat LasorsTory T ey

with Open Data
Notable data consumers

Twitter .

W 1iew Presidential BE t ;L :

Faliuinsand op =3l
establishing Sutaing Energy Opamizeton ==

by type Quadrennial Energy = I||I|||||II
=

B e s =

Suburbs offset Low
datasets, updates

developer Carban Footprint of
docs, framthe - s major LS. Cities
maps community
Popular Content (Visits/Week) Get Involved More Topics

I — vt geen - Using the existing infrastructure

other Resources (928) zgnt::rsean;;i:‘ x CLEAN: Coordinated Low Emissions

) e Assistance Network d H f O E | 1 | |
S st vk Incentives and Policies a n eX pe rt I Se O pe n * o rg Wl

community
Transparent Cost Database |
Transparent Cost Database {590) _SEC“”” or find more ways you can gst International Clean Energy Analysis . .
S ' d d bust dl
e ————————— Lstnoamérica proviae a rapid, robust, and IOw-
other Resources (538) We welcome your feedback on LEDS: Low Emission Development
OpenEl. Contact us=1 Strategies

Map of Wind Farms (496)

. cost solution for making the ATP3
datasets public. Target for first
data release: September, 2014.

Solar and Wind Energy Resource
Assessment (SWERA) (385)




- _______________________________________________________________________
/NTP” Example business opportunity: Near term

Algae Testbed

markets facilitate long term learning

|
‘ 4 Small markets, A higher-value, multi-product focus is

| . Pharmaceutical essential for cash flow for start-ups,
High value products & specialty and part of a diversified, targeted
chemical progducts; marketing strategy to generate
$25k to $800k per MT revenues.
Mid-sized Pharmaceutical, chemical &
mg;k\?;sll;;md . nutraceutical products: $2,000 I\/Iany of the stakeholders
oroducts to $25,000 per MT seeking access to the test
Baby food formula | Cosmetics beds and ATP3 services are
Plastics | Food additives| Healthy in the higher-value market
oils | or are developing and
commercializing innovations
Large Bigger Markets, lower values: $500 to $2,500 that are market agnostic.
market, per MT
Low-value Vegetable oils for consumption and biofuels
products Carbon capture, bioremediation

Algal crude and bio-crude

Source: “Algae 2020 Study” Emerging Markets Online report (2009)



/TP
Lt Summary

\ | = The algae industry has the potential to
‘ displace sizeable quantities of petroleum
A consumption as a co-product.

, = Through open access programs like ATP3
L stakeholders can convene, collaborate and
', ».> leverage in accelerating the pace of
“~o=. innovations.

» To succeed, algae R&D needs sustained
support through grant funding and policy
enablers

v' CO, re-use is critical to algae production;
policy should be geared to making it low cost
and deriving valuable when possible.

v Crop protection needs research to improve
capacity, utilization, and volumes.

v GMO policies, crop designation, agricultural
practices and policies, and tax
incentives/rebates are needed.
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