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It was the desire to transform wastelands for biofuel, and
to avoid the dilemma of “food vs. fuel”, that led to our
Involvement in Jatropha

o
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“Oasis in the desert: Jatropha cultivation can halt soil erosion, increase water storage in the soil and
transform barren expanses into lush, productive land.”

Pushpito Ghosh tops up a vehicle that has
covered 48,000 kilometres powered only by
1 on v m\m%mdm L 4 jatropha biodiesel.
Nea\ Jutrupm 1o \-_ Lyt
TSI From: NATURE, 449, pp. 652-655, 2007

The vehi " A = i o 130 OO U.S. patent No. 7,666,234,
e venicle nas now completea over , 23 FEb, 2010 (tO CS|R)

km without any modification (May 2010). CSMCRI



The Mercedes trial run across India in April 2004 using B100 Jatropha
biodiesel with the goal of sustainable mobility sparked global interest

| n J atro p ha.
~‘ “g = ,..;& Emission Data courtesy DaimlerChrysler
Actual Measurements
. . Changes against
Units EU3 E?esssell D?(l,g-el limits, %
Limits Fossil BioDiesel
CO g/km 0.64 0,08 0,11 -88 -83
ey e HC g/km 0.56 0,04 0,02 -92.9 -96,4
NOx g/km 0.5 0,37 0,39 -26 -22
Particulates g/km 0.05 0,03 0,01 -40 -80
—
Fuel
Consumption L/200 km 6,47 6,58 * 1,70%

CSMCRI

liter for liter!!

Further tests at the Austrian Biofuels Institute (ABI),
which pitted the CSMCRI’s jatropha biodiesel against
fuels from other feedstocks, showed that it “clearly
outperformed biodiesel from rapeseed, sunflower and
soya bean oil in [its lack of a propensity to oxidize],”
says the ABIl’'s Werner Kérbitz, adding that the fuel
“showed a fully satisfying performance concerning
power, efficiency and emissions”.

“The Little Shrub that Could — May be”, D. Fairless,

Nature, 449, 2007, pp. 652-655.

* The heating value of BioDiesel is 8-9% lower than of fossil Diesel
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Figure 10: Trend of engine power of the long term run with test fuels




Briquettes (3900 kcal/kg) bei used t
the boiler. The steam is used for oll
Husk frpm _ Briguetting operation expelling and o'Fher appl?cations. Th_e ashis
deshelling machine ploughed back into the field. The briquettes
also burn nicely in a chuhla with low smoke.

Generator fueled by B100 JME
being used to drive the oil
expeller (at left)
2 tons of briquettes and 3 tons of oil
cake are obtained per ton of biodiesel!




Energy and CO, balance based on CSMCRI's primary data of mature
Jatropha plantation on semi-arid wasteland and downstream operation to
briquette and B100 biodiesel

Energy Requirements of|(CO,
SeeE e e S production (.MJ/t of dry|released/
Jatropha fruit) sequestered
(kg)
Inputs
Manpower 84
(Human labour (average): 1.61 MJ/manday @ 52
mandays/ton of fruit
Irrigation 127
( cm/tonne of fruit assuming 3 tons of fruit per hectare
is realised)
Fertilizers usage other than oil cake and seaweed 1341 . .
(Fertilizer average : N-60.1 MJ/kg; P-10.35 MJ/kg; K- OII Cake IS ]
11.10 MJ/kg and applied at the rate of 20: 2.9: N:P:K ploughed back in
r_eq_mrement/ton of fruits assuming 3 ton_s frun/he_ctare) the f|e|d C&'OfiﬁC
(it is also assumed that ash from burning of briquette
will be ploughed back into the plantation to conserve value and C02
inorganic minerals and micronutrients) Sequestered in
Pesticides 40
120 MJ/kg (contingency) other CO-pI’OdUCtS
Manure/Dry fruit transportation 78 in Crude form are
Briquette and biodiesel production not considered in
Manpower 14 .
Power consumption 300 the CompUtat|On-
Total energy consumed/CO, release 1984 396
Output
Briquette (0.33 tons) 5420
Biodiesel (0.142 tons) 5638 456
Total energy gain/ CO, sequestered 11058 940
CSMCRI Net balance (Output/input) 5.57 2.02




Performance of plants raised from cuttings of IC-565735 identified as the
best erfrmin_ rovenance at Mohuda, Berhampur, Orissa

Mean seed yield in kg/plant (N=10)

Year | 2005-06 | 2006-07 2007-08 2008-09 2009-10

Seed | 0.30 | 0.7020.2 | 1.40:0.8 | 2.0020.8 | 2.04%0.6
yield

Date of planting- Jan 2003;

Planting material- cuttings of IC-565735

Spacing- 4X3m (833 plants/ha); Irrigation- once a month
with 30 L/plant during non-rainy months

Fertilizer dose- During 2005 and 2006- N- 45 kg/ha (by
urea); P,Os- 30 kg/ha (by Single Super Phosphate); K,O- 20
kg/ha (by MOP) ; FYM- 2.7 kg/plant; Jatropha cake- 1.2
kg/plant.

During 2007 -DAP @ 200g/plant and oil cake 1kg/plant
During 2008 and 2009- 40g/plant of NPK fertilizer of grade
46:48:24, DAP@ 100g/plant and oil cake 1 kg/plant

Time of fertilizer application- % N and full P and K at just
before onset of monsoon and % N just before flower
initiation




Crude

Glycerine

Jatropha seeds Jatropha biodiesel wastes

Biodegradability of PHA in
the moist garden soil

Bacterial : _
Inoculum Marine bacteria

MTCC-5345 isolated
from Indian waters
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Jatropha biodiesel production
plant

India Develops Plastics

from the Jatropha Plant
April'9, 2010

A new, potentially important, source of
bioplastic has been discovered in India-
the Jatropha plant, which is already being
processed to produce diesel fuel. The
Salt and Marine Chemical Research
Institute (CSMCRI) of Bhavnagar, India is

PHA powder using a local microbe to produce plastic
icrobial heterotrophic production frorg the glycerol byproduct of biodiesel
. . . production.....
PHA film of bioplastic utilizing Jatropha Doug Smock
biodiesel residues as sole Materials Editor, Design News

www.designnews.com

nutrients n Needham, MA

1838/DEL/2009 dated 7 Sept 2009


http://images.google.com/imgres?imgurl=http://www.blogcdn.com/green.autoblog.com/media/2009/06/toyota-bio-diesel-jatropha.jpg&imgrefurl=http://green.autoblog.com/2009/06/19/toyota-to-invest-in-philipines-jatropha-bio-diesel-plant&usg=__rs5To-w6vhGpbwDxhwRokvtIkhk=&h=233&w=274&sz=20&hl=en&start=14&um=1&tbnid=4mJlKXdDHU_sRM:&tbnh=96&tbnw=113&prev=/images?q=jatropha+csmcri&ndsp=20&hl=en&sa=N&um=1
http://www.designnews.com/common/jumplink.php?target=http://www.csmcri.org/
http://www.designnews.com/

“The CSMCRI project has benefited from a realistic approach from the start” —
Katharine Sanderson, Nature Correspondent, Climate Feedback blog, nature.com
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This week in Nature you can read the first
(subscription) of four articles unpicking the business
of biofuels. First up is jatropha - the shrub that
promised to give drought-ridden countries boundless
oil supplies. The reality has turned out to be
somewhat different. After a period of hype and over
enthusiasm, investments have dried up, somewhat like;
the promise of oil from arid land.

Jatropha definitely still has a future, but the plant
genetics really need to be better developed and a
number of companies are now doing this, including
London-based D1oils - a company which hit trouble
earlier this year when a deal with oil giant BP fell
through.

We also catch up with Pushpito Ghosh, director of

was still promising the Earth. His project seems to have benefited from a realistic approach from the start. Here we

see a2 photo taken just last week at a CSMCRI plantation in Mahuda, Orissa. Each plant in this kind of harvest gives 1.75-
2.25 kg of seeds, which have the oil extracted and the waste turned into briquettes.

The series continues next week with a look at bioalgae as a potential fuel source. After that comes cellulosic
bioethanol, followed by the potential for a ‘green gasoline’ to be used as a simple drop-in-fuel replacement.

Katharine Sanderson

Image: CSMCRI

Posted by Anna Barnett on September 17, 2009
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ed Atmospheric CO, for
photosynthesis

+ CO, release during
fertilizer manufacture,
pumping of water and

Other inputs for other activities towards
CSMCRI US Dept. of cultivation cultivation and harvesting

Energy on marginal lands

CO, release by
respiration and other
microbial and insect

Jatropha activity
plantation in

CO, assimilation by plant
biomass excluding seed
capsule (Organic C is 46-
51% of dry mass GRS CO, release by

decomposition of
leaves and debris

C sequestration in products ¥ Direct & indirect CO, "N

derived from seed capsule
(capsule shell briquette; oil Integrated
cake; soap; biodiesel; glycerol/ jatropha
bio-degradable plastic) biodiesel
process

emission during biodiesel/by-
products manufacture from
seed capsule and during their,
utilisation

Carbon Capture Carbon release

Enhancing seed productivity and reducing the carbon footprint for Jatropha biodiesel from
marginal land is the focus of the collaborative project supported by GM and US Dept. of
Energy



Ushering in Commercial Cultivation of Seaweed iIn
India: A relevant technology for all countries with a
long coast line

Kappaphycus
alvarezii:. From a
single twig in 1996 to
thousands of tons
after a decade!

ECOLOGY

Seaweed Invader Elicits Angst in India

NEW DELHI—An elfore = southers India o
mtse cogstd e rsout of poverty by paying

therm o cultivine sed algse S0 o food addine
has

0o awry. Last month, botanists
rted that the slga, Kuppaphyous
alvwread, has imvadad corsl reefs 1n o mamne
rooerve w the Bay of Bengsd. Expersean try
g % esablish wha det the seaweed escape
intey the wibd! o povernment lab, & mu i
tanonal compary, of carebess farme

The sagn began in 1996, when the Cen
tral Salt and Murine Chemacals Rescarch
Bntte (CSMORIY on Bhassagar lsunched
& proyect W grow the slgse ia pesforated
brags in the epen sea and extract car-
rageenan, a gelitmous compommd sed 1o
stabilize or add textuce 1o produovts as
diverse as oothpasies and mocha lates. In
2000, CSMCRI tansiterald the techoobogy
o PegesiCo Btadia Holdings Proate Lissaal
i1 Crungaosy, whone execuie vee peesident,
Amat K. Fone, $0dd Scvemce that sece X0\
the compary ks been “ssppanting and sb-
whang® local farmers 1o cultivite the algs
offshore. The seawend is goows on tethered
rafts i shaliow water: algae (s harvested
soud g md exportad o comsiries such as
Bolalogy sin send the Fhileppines, whichi extact
the catrageonas

The commereal cultvvamon s near the
edpe of the Gulf of Marmer Manne Natoral
Pack, 2 500 sqmare-kilometer resorve that's
home to mone shan 100 species of corls and
Tnarimals s0ch as sea oo ad dolphune. O
Kursmadui Inlaul in the reserve, “so part of
the conl reehi wis visbie i most wvaded
, where (the algae] docosed the entire
icw and oceipied shnoe Al idges wmd

valleys of %0 contl hndscape.™ o team S by
botanest S, Chandrasekarm of Thisgar e
Cullege w Madural reponsed in the 10 May
issoe of Cwrent S, BYS ot olesr (f the
aha hus bpeesad 1o other parts of Sae rovenve
This in't the first Sme the slga, mative o
the Plalippenes, das smoaded new tarf: In
WOU, ot colonized coral reels in Hawau,
wding (o the Umiversity of Hawan,
Muanca. For that reasos, w prominent
researchers, including M. S Swarminathan,
s agriculteal scentist of M. S. Saumi-
nathan Rescech Fountation i Chanmai who
now serves im Parliamen, kad opposed
hnngeng $ie alga w0 lndia in the et place
No one has taken responsibility for
K. advarezils esoape. Whoever Is deemed
respons e could be rosecutal for damap
g hertitm iender S Badian Wik! Lite Prosec

Mardng in. Keppsefiyss o) gowied oo Lol
% B Gad! ! Mrvrr Miarwws Natianal P
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Bon Act of 1972, says ¥ K. Manohar, &
law yer with Logal Action foc Wikdhfe md

at PepaeCo pro
1he algae 1o serve
1 comsmumity by helping impoverished
Exrmens. The compenty guammtoes that i will
buy all the farmens” anmsl production of
AL adgwesl, moossnting o TG b 200 metre
tons of dry seaweed; all the dry seaweed Ix
exporied Bose says. He denbes that PepuCo
Mayed 8 role (i the alpas escape tnlo the
maring reserve. lnvead, he sugpests that
CSMOIU % cultsvation trials are “the oot
comne forits buoimeasion at [Kurosda]

CSMORYs dirertor, Pushpsio K Cilsoed,
sas b bs “gquene pozzbed s 0 what may have
luppescd ™ He md da collengpies ague that
srong carrests could have swept akeal twigs
from pmerceal faems near Kurusads: or
from his institute 1ral cultivation site
“Ancther posablity, which st not be muled
owl, s clandesting expersmentation by
unscrupabous elements” Ghosh sovs, withe
o eaborstng. Chamndasekanin ¢alls that an
“athandsh explaration™ sad notes thae no
o i albirwed 3 veslt Konusadai Sdand with-
OO WYINES PRl hon Homs seserve author)
Ben. No matter hirw the seaweod colormeed
Kunusadas, Cihosh srvs, “Yhom 15 10 queestions
o CSMCRI dusimwming rosponsibelay

PepaiCo has sald 1t will pay for & wider

¢ | N o the Manne mserve as

well as momsres 1o scoop it up. Bue inmay be
100 Jate 5o gt rid of the dlpse. srys Swane-
mathan “AH fhat we can now do is restnict the
extent of huwmpnon.”

toueed contract leming

~TRLLVA RAGIA

No pressure on agriculture land

No requirement of fresh water for

irrigation

No requirement of fertilizers or

pesticides

Environmental issues and risks need

careful understanding of course

CSMCRI
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Integrated method for recovery of phycocolloid

and sap from seaweed
' R \\

CSMCRI

Granules are a source
of calories/ethanol
and the ashis a
potash-rich fertilizer
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AquAcri LIQUID SEAWEED NUTRIENT

“AQUASAP" Is a 100% pure natural liquid extract from seaplants. It contains macro
& micro nutrients, essential amino acids and plant growth hormones that provide a
major boost to crop yield by accelerating the plant's metabolic function and
enhancing its nutrition uptake capacity,

DIRECTIONS POR USE: Aopty as a fofkar sprary by preparing 3- 5% ACUASAP solbon wits sufficent amount of wass 1o
0 Nk covarage of the S1op. Speay 3 times Outieg The crop cycke 1) Dnce the plant is estabished 2) Pre-Nowering 3)
Post-Fowerng 0 ey mamng hours. A fourth spriy mayhe sppled for long Ourson crops. Root i baters Tans-
plnting i 0.5-1% soRion is recomended. Dosage coulld vary deapendiag upon the crop, oll wd CMAtc condtions
Lower and Sigher dosages muary be detarmined after triaks.

NOTE %o ensure By effectiveness preservtives have Deen addend. Shake wel Delore ese. Keep the 5d clossd tightly
S1000 In coot Ory place, drwiry rom Seect sunbghl. AGUASAP ie & satursd oroduct stil it in ideady achesaliie 10 heep oul
of faach of childrm

For further details log on to http//www.aguagri.in

Date of Manufacture: Net Contents: 20 Litres
Batch Number: Best before 2 years from
Max. Retail Price: he date of manufacture

Technology Sourced from Manufactured by:
CSMCAL Bhaynagar, a constituent Aguagri Processing P Lid.,

of Councll of Scientfic & Industrial Tamil Nacu Fisheries Complex,
Aesearch, New Dethi Mandapam, Dsstrict Ramnathaperam.
US Patent No. 6.89).479, Tamil Nacu, India

European Patent No, 1,534,757

Kappaphycus alvarezii
For detalls on application rates piease call 0428 696 350

Seaweed Sap A ==

US Patent No. 6,893,479; EP 1534757 (to CSIR)
J. Agric. Food Chem. 2010, 58, 4594-4601




Graphical summary of sap trial on sugarcane yield
In TEIL command area (2009)

Average Control/Treated Yield for five Locations covering
4950 acres

95

90

85

80

75

70
Control Treated

Series1 78.93 ‘ 93.49

p | Avg. Cane Yield in MT per Hectare

Data courtesy M/s Aquagri Limited (licensee); Similar trends have been
indicated previously by M/s Renuka Sugar Mills for a 1000 acre trial CSMCRI



CSM E10 Gasohol formulated
with ethanol from seaweed
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Energy- and carbon balance for seaweed cultivation integrated with increase of
sugarcane productivity through the application of seaweed sap: A true bonanza!

_ Energy Requirements (MJ/t|CO, released/
Operations :
fresh biomass) sequestered (kg)©
Farming operation 7
Ropes 1
Transportation 9
Sap extraction 40.2

Sap application in sugar cane field | 10

Total Loss 67.2 7.2
Granules ( dry wt) 1680 2156
Additional yield of sugar cane |300,0002 33,000¢

(57.5 tons from 3.5 ha assuming
very conservative 15% yield

increase)
Total Gain 301,680 35,156
Net balance (Output/input) 4,489 4,882

aSugar cane contains 30% dry matter with gross energy value of 17.35 MJ/kg of dry matter
(1http://www.vt.tuwien.ac.at/Biobib/fuel239.html); ¢40% Carbon content in dry matter of sugar cane is assumed.

CSMCRI



Conclusions

Given that India is short of arable land, we are focusing on
biofuels from waste biomass, wasteland and the sea.

The energy output to input ratio for Jatropha biodiesel and
energy briguette is 5.6 for cultivation on marginal land with 3
tons dry fruit yield per annum. The stage is set for a
cooperative, decentralized model of operation. Further, the
target is to climb up to a value of 7-8.

Kappaphycus cultivation in the sea for sap to raise sugarcane
productivity has opened up a massive opportunity to sequester
carbon in a most efficient and sustainable manner, with
unprecedented energy output to input ratio. Additionally, the
residue is demonstrated to be a source of ethanol which does
not infringe on food — a key consideration for India.

There Is great scope for inter-academy collaboration given the
complementary strengths. .

CSMCRI
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