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[O7] Development of chlamydomonas as a microalgal platform for production of biofuels and other

renewable bioproducts
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University, USA
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[K9] Algae bio-fuels: A novel photosynthesis-fermentation approach

Q.Y. Wu; Tsinghua University, China
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Y. Zheng, Z. Chi, B. Lucker, S.L. Chen*; Washington State University, USA

[O21] Prospects for biodiesel production - algae from boreal humic lakes

PM. Tikka*, E. Peltomaa, A. Ojala, A. Nykénen, K. Valkonen, M. Romantschuk; University of
Helsinki, Finland

[022] Algal autotrophic and heterotrophic lipid synthesis for biodiesel production

X. Bai*, E. Knurek, M. Workman, S. Hamilton, C. Hertz, B. Bernhardt, M. Rangelova, J. Obbard et al;

Cellana LLC, USA
Plenary 3] Challenges and Opportunities in the Bioplastics Market
N. Danielson; DuPont, USA
[K10] Algae harvesting: A research perspective on current challenges and future directions
B.L. Marrone; Los Alamos National Laboratory, USA
[K11] Next generation algae extraction and fractionation technology
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[023] Harvesting and processing of microalgae biomass
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[024] A membrane contactor extraction system for recovery of oil from aqueous algal cultures

J.R. Kwiatkowski'; lPhycal, Inc., USA, Donald Danforth Plant Science Center, USA
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C.C. Lin*, C.J. Cheng, PK. Hong; University of Utah Salt Lake City, USA
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J.W. Richardson*, B. Fisher, J.L. Outlaw et al; Texas A&M University, USA
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P. Blowers*!, C. Canter!, D. Shonnard?, R. Handler?, C. Young2
'University of Arizona, USA, *Michigan Technological University, USA

48. [032] Integrated modeling framework for algae logistics systems
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Top 15 Biofuels Producers by Country, World Markets: 2010

(Thousand Barrels per Day)
Biofuels Market Share by Region, World Markets: 2010 Rank Country Production Primary Fuel
. j . . 1 United States 658.0 Ethanal
M'asi:'ﬁ & fg:’:'ﬂ:‘:&e 2 Brezi 486.3 Ethancl
a China 725 Ethanal
4 Germany 4.8 Biodiesel
5 France 48.8 Biodiesel
8 Canada 17.2 Biodiesel
United States, 7 Argenting 15.5 Biodiesel
44T7% ] ialy 12.0 Biodiesel
g Thailand 13.2 Bigdiesel
10 Spain 121 Biodiesel
11 Sweden 10.1 Biodiesel
12 United Kingdom 104 Biodiesel
13 Austria 8.5 Biodiesel
14 Poland 8.4 Biodiesel
15 Malaysia 8.2 Biodissel

(Source: EI4)

(Source: Fike Resesrch)

qﬁ\' 42010 % ’E’T%‘Ciﬁ[mﬁi

Ex:Z [544.7% > FI&J%‘;36.9% s YN 14.7% » Eh?’\'\'S.l%
2000 5[5} 1 VIR F ¥ R ) 8k 7 #r0 qﬂ%[pu@m

I S ISBI2010] ) B AR O IR BRI TR (8
BET ST < WS ] Ak  FURI OS5 % PSR

Biofuels Policy Mandate:

EISA RFS2 Rer le Biofuels Producti Targets EISA (2007). "Energy Independence
In Billions of Gallons per Year (BGY) and Security Act of 2007", H.R.6
110" Congress
4000 Public Law No: 110-140
December 19, 2007.
3500 m Conventional Biofuels
3000

2500 ® Other Advanced Biofuele

2000

Advanced Biofuels-
1500 Biomass-based Diesel
1000

mAdvanced Biofuels-

500 - Celulosic

000 ~
2010 2011 2012 2013 2014 2015 2016 2017 2016 2019 2020 2021 2022

5 BT BTSSR
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Exhibit 1.1 Sznewabis

Celluiosic biofuels and |:“

2 F)

Fuel Standand volume

mass-based o

||.'J-\. alt

requirements (b
TN A TN O [
included in the advanced biofuel reguirement

A

e R

HERSS SkEdts

ErER o SRH L

ilfion galions)

HBL‘:]UF}J“: : Bm“;ii‘;_nsm ADVANCED BIOFUEL TOTAL RENEWABLE
REQUIREMENT REOUIREMENT REQUIREMENT FUEL REDUIREMENT
2009 M/A 1] 06 1.1
2010 01 065 0.95 12.85
an 025 080 1.35 13.95
mz2 05 10 20 15.2
013 1. 2 275 16.55
2014 1.75 & 375 18.15
2015 3 a 55 205
2016 47 3 119 2225
017 5.5 8 3.0 24
2018 7.0 a 1o 26.0
W18 85 3 130 28.0
2020 10.5 2 150 30.0
i | o | 135 a 18.0 330
2022 16.0 a 210 36.0
2023 b b b b
= Te be determined by EPA through & future rulemalking, but no less than 1.0 Billion gaiions.
# T be determined by EPA through & future rulemaking.
Cellulosic Biomass- sl Conventional Total
. ) Advanced . Renewable
Biofuels based Diesel Biofuel
Biofuels Fuel
GHG Emission 2 60% 2 50% 2 50% 2 20% 2 20%
Reduction
MsSWwW,
Sugarcane,

Feedstock Cellulosic . Cellulosic, Corn starch Any

Biomass Algae

Qilseeds,
Algae
Vol b
° ;‘[')‘;; y 16.0 BGY 1.0 BGY 4.0 BGY 15.0 BGY 36.0 BGY
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Exhibit 3.1 Comparative fes

ADVANTAGES CHALLENGES

tures of mic tivation approaches

Clozed
Photobioreactors

Photoautotrophic

# |ess loss of water than open ponds

= Superior long-term culture
maintenance

= Higher surface to volume ratio can
suppart higher volumetric cel
densities

= Scalability problems

= Require temperature maintenance as they
dao not have evaporative cooling

= May require periodic cleaning due to
biofilm formation

= Nesd maximum light exposure

Cultivation
= Subject to daily and seasonal changes in
= Evaporative cocling maintains temperature and humidity
Open Fonds temperature » Inherently difficult to maintain
= |ower capital costs monocultures
= Need maximum light exposure
= Easier to maintain optimal conditions
for production and contamination . .
prevention = (ost and availability of suitable
-i‘terc_'tro!zh g + (Opportunity to utilize inexpensive feedstacks such a2 lignoce ulosic sugars
Cultivation » Competes for feedstocks with other

ignocellulosic sugars for growth
= Achieves high biomass
concentrations

biofuel technologies

EXTRACTION
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o
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Algal Lipid: Precursor to Biofuels
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OBP 2010 Investment* $938M
1%

m Lignocellulosic R&D

m Algae R&D

Algae Deployment

10%

Lignocellulosic
Deployment 65% |

Sustainability

*Includes regular FY2010 appropriations and 2009 ARRA funds

B 10 SUBFETRRS 2010 SL Wb RS il i 3 P 1 515 e

Exhibit 6.1 Schematic of the potential conversion
routes for whole algae into biofuels

The 2010 investment
in algae totals more
than $180M and
includes:

= $35M for algae R&D, as
directed by Congress

* $49M for the NAABB
consortium

= $50M for Sapphire to
deploy an open pond
algal biofuel system

* $25M for Algencl fo pilot
a photobicreactor algal
biofuel system

« B22M for Solazymes o
pilot a heterotrophic
algal biofuel system

(st ) (1 ) (it )

1L A [ R
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Exhibit 6.2 Schematic of the various conversion
strategies of aigal extracts into biofusls

[p 12 B 2V ST [ 2 I

Exhibit 7.1 An svendew of
the biorefinery concept

B 13 B PR
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Exhibit 7.4 Sverview of the five

Nirgen Gass
Algal Biomass & potentisl optianz for the recovery

and use of co-progucts

Diption 1

Energy
Bum Residee
Ash/ Soil Amendments
]
Soil Fertilizar/ Conditioners
Dry Rlesidue Processing
Proteins L -
- " Food/ Feed Supplemant
e
Qpfion 3 i
Non-Fusl )
by *Eurh:hmfﬂiupiﬂ’hcs
Opon 4 ¥
Carbohydrates ‘Eﬂmﬂﬂuﬂmﬂﬂwm
Chemical’ Bislogiesl Conversion

[ 14 PESBRI R P S A R

4 PIER AR BERRTR

Exhibit 9.1 Key resowre issues for different algae systems

ALGAE PRODUCTION APPROACH KEY RESOURCE REQUIREMENTS

Climate, water, C0,, other nutrients, required

Photoautotrophic microalgee production energy inpurts, and land

Sourcing of suitable organic carbon feedstock, water, energy,
- ) and other inputs required for siting and operating industrial
Heteratrophic microaigae production bioreactor-based algae production and post-processing to fuels

and other co-products

Avzilability of suitable coastal and off-shore marine site loca

Photoeutotrophic macroalgae production fions
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Exhibit 9.3 High-levsl
illustration of heterotrophic
and photoautotrophic
apgroaches fo microalgal
biomasz and biofusis

roguction

= Production costs: 400 €/1,000 kg
= Value algae biomass: 1,650 €/1,000 kg

Biofuels Chemicals
150 € 200€ uxygen
256 €

Food proteins N removal

500 € ‘ 140 €
Sugars

Feed proteins

100 €
300 €

"Norsker et al. (201 1) Microalgal production- a close look at economics,
AGROTECHNDOLOGY & Biotechnology Advances 29: 24-27
FOOD SCIENGCES GROWP
E WAREMNING E N [EE Wijffeds et al. (2010) Microalgae for the production of bulk chemicals and
hinfusls Rinfisels Rinarnducts & Riarefining 4- 7R7-708

il 16 Rl o ok 5 7
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» F R ASWAZEIF CRIFf =)
2. MEE IRy AR AV E TR
+ 500071y R”’Fﬁiipaf%rﬁﬂmﬁﬁ
FCECWAN ST R
S b

+ LEA(lipids extracted algal)Hfii i 8 ff (i %.250- 10005 7 /i
AR AR
R MUSSE Y e 5225 i

s RIERTAT 0.750 Kl JDPJ}%?H
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Diesel Fuel Properties [12] [17]

Properties Petrodiese | Biodiesel Renewable Diesel
Cetane# 40-55 50-65 75-90
Energy Density, MJ/kg 43 38 44
Density, g/ml 0.83-0.85 0.88 0.78
Energy Content, BTU/gal 129 K 118 K 123 K
Sulfur <10 ppm <5 ppm <10 ppm
NOx Emission Baseline +10 -10to 0
Cloud Point, C -5 20 -10
Oxidative Stability Baseline Poor Excellent
Cold Flow Properties Baseline Poor Excellent
Lubricity Baseline Excellent Similar

2-1-5$’F§;@Wﬁ
B EPESRIFOSBLE o AT R ST RO RCRA SRR £ o 2 R
PES
LS EVISRISE R 2 PR A 3T AR EfFH'EI?ET&I'H'VTEIE'J °
PP ROV - KR @"'@)‘F'iﬁﬁ““‘ﬂﬁﬁfﬁ A
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P r"ﬁ@iﬁjﬁ,ﬁﬁviﬂlm ST IABURI R R - B O PR L=l
PRESSCBIAE S [ Iik[fl'll'srl'ﬁ T o EOF R AR T % T
ARl o B B AT AR ] RSV RPN TR H
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Water
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Water

Organics
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The Babcock & Wilcox Company

FEEDWATER GUIDE

LINES FOR UP BOILERS

TABLE 2. FEEDWATER GUIDELINES FOR B&W UNIVERSAL PRESSURE ONCE-
THROUGH BOILERS USING OXYGENATED WATER TREATMENT (OWT)

Normal Operation

pH, all ferrous cycle

8.0 — 8.5 measured at 77F (25C)

Cation conductivity

0.15 uS/cm, maximum

Specific conductivity

0.3 -0.9 uS/em

TOC (Organic)

100 ppb, maximum

Sodium

3 ppb, maximum

Dissolved oxygen

30 — 150 ppb, by addition of gaseous o

xXygen

Total silica (as Si02)

10 ppb, maximum

Total iron (as Fe)

5 ppb, maximum

Total copper (as Cu)

2 ppb, maximum

Limits on Abnormal Operation

Cation conductivity 0.15-0.20 uS/cm 672 hrs/yr

Cation conductivity ° 0.20 — 0.30 uS/cm 336 hrs/yr

Cation conductivity 0.30 — 0.65 uS/cm 48 hrs/yr

Cation conductivity > (0.65 uS/cm 8 hrs/yr

Recommended Alarms

Cation conductivity >0.15 uS/cm Reduce conductivity
> 0.20 uS/cm
> (0.30 uS/cm

Recommended Trips

Cation conductivity

> 2.0 uS/cm for 5 minutes

Cation conductivity

> 5.0 uS/cm for 2 minutes

Preconditions for Firing Boiler

Cation conductivity <0.65 uS/em
pH 9.0-9.5
Dissolved oxygen < 10 ppb
Iron <30 ppb

Preconditions for Convection Pass Fluid > 550F (288C)

Cation conductivity <0.65 puS/em
pH 9.0-9.5
Dissolved oxygen < 10 ppb
Iron < 30 ppb

Preconditions for Commencing Oxygen Feed

Cation conductivity

0.15 uS/em _ (discontinue feed if >0

.|30 uS/cm)

TA-2A221-1K32/June 2006

Page 7
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