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BIOENERGY & BIOFUELS

Bio-energy — Source of Renewable energy

11% of world total primary energy supply

7% 1s used 1n developing countries in-efficiently

2% electricity production worldwide from biomass
- 464Twh

4 % of world transport fuel demand met thru Biofuels



NATIONAL BIO-FUEL POLICY lndiaOiI The Power of Pessililitics

Specific mandates and incentives for bio-fuels

20% bio-fuels by 2017 (National Policy on Bio-fuels, 2009) Now called an
indicative target by 2020

Permitted 5% blending of ethanol in gasoline . Now 10 % ethanol in
gasoline is also permitted to achieve at least 5% target on all India level.

Permitted 5% biodiesel in diesel & now upto 20 % biodiesel in diesel
permitted.

Government agreed on a prefixed price for biodiesel / ethanol to be
purchased by oil companies (2005). Prices reviewed periodically.

New purchase policy of ethanol & biodiesel implemented in 2014.
Last year Approx 3.8 % ethanol in gasoline , likely to go down to ~ 2 % this year
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Industry
Molasses production , inked to

sugarcane production, varies - |
from ~5 MMTA (2003-06) to ~13 miii
MMTA (2016-17) R
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MOLASSES BASED ETHANOL

Thus ’ Sustained Supply Of INDIAN ETHANOL PRODUCTION CAPABILITY

ethanol debatable
About 40% of total ethanol IS EEE e
production as fuel grade

Even at peak production , i1t can
meet only about 5-8 % blend :
level in gasoline

Alternate and sustainable
source of ethanol is required



POSSIBLE SOLUTIONS A

No single feedstock or technology platform can achieve
targets

Non-edible oils will contribute but to little extent

We need to look at all possibilities
Second /third generation bio-fuels
Bio-oils from biomass pyrolysis
Gasification of Biomass
Conversion of waste gases ( CO) to ethanol
Biogas / ethanol from municipal waste
And all other options

Each of above will contribute to achieve bio-fuel Mission
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BIOMASS
Biofuel Options

Hydrogen

Syn-Gas Fermentable
" Sugars
Fermentatio Bio-0il
Chemical Cagélysis T Synthesis
Cragking :
Hydrocarbons 1 Bio-Hydrogen
Alcohols Craiking Gasoline, Diesel
Platform
Chemicals

Bio-Alcohols

Bio-Methane DME

Gasoline, Diesel



Biomass Conversion Technology
RN “Platforms”™

JH"{ It \<i.;§
IndianOil T Powes of Pessililizies

Sugar Platform Sugars, Lignins (Aromatics)

Hydrolysi
(Hydrolysis) \ Bioethanol
Residues

Combined Fuels,
- Heat & Chemicals,
Biomass Power & Materials
By-products
Thermochemical ‘
Platform CO, H,, Bio-oil
(Gasification,
Pyrolysis)
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ETHANOL ADVANTAGES

Ethanol (Gen. 15t ) can reduce
CO, by 25-60 %

Cellulosic ethanol will reduce CO
by 70-90 % 2

Ethanol is good blend component
for gasoline as it increases octane

and reduces emissions



Biomass Sources R&D
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ECONOMICAL
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Sugar Cane

Switch
Grass

> ABUNDANT & AVAILABLE

Agri. residues

Cottonwoods




Biomass Availability in India

Non-food & Non-fodder/ Surplus
Lignocellulosic Biomass:

=

- Cotton Stalk
- Wheat Straw
- Rice Straw

Annual availability > 300 MMT !!
Biomass biofuel potential ~ 30 MMT/y

Source : TIFAC report
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Production Million tons

Crop residues | 1994 2010
Field based residues
Cotton stalk 19.39 30.79
Rice straw 214.35 284.99
Wheat straw 103.48 159
Maize Stalk 18.98 29.07
Soybeans 12.87 34.87
Jute stalk 4.58 1.21
Sugarcane tops 68.12 117.97
Ground nut straw | 19 23.16
Processing Based residue
Rice Husk 32.57 43.31
Rice Bran 10.13 13.46
Maize cob 2.59 3.97
Maize Husk 1.90 291
Coconut shell 0.94 1.50
Coconut husks 3.27 5.22
Ground Nut Husk | 3.94 4.80
Sugarcane 65 114.04
bagasse
Coffee husk 0.36 0.28




ROUTES TO 1G & 2G ETHANOL

Lignoceullosic
Crops

* Woody biomass

« Agricultural residues
* Herbaceous crops

Starch-based
Crops

+ Cereal grains
+ Corn/Maize

l

Pre-treatment

2G ethanol

Hydrolysis

Sugar-based
Crops

» Sugar cane
* Sugar beet

Fermentation

1G ethanol ro+te

Separations

rout

Co-products
+ Materials

+ Heat

« Electricity
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Ethanol




GHG EMISSION REDUCTIONS AND NER OF R&D

BIOFUELS AND CONVENTIONAL FUELS
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Bio-ethanol, 50-75 77-70 % 3.2-4.5
sugarcane molasses

Bio-ethanol, corn 100-195 20-10%0 09-1.2
Cellulosic ethanol 25-50 88-77% 4.5 -6.0
Biogas 50-100 77-20% 4.3-5.0
Biodiesel 80-140 63-35% 3.20
Gasoline 210-220 NA 0.80

Diesel 155-185 27-14% 0.74




Biomass characterization
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BIOMASS TO ETHANOL

BIOMASS

\ 4

SUGARS

ETHANOL

CELLULOSIC ETHANOL




TYPICAL PROCESS OUTLINE

STEP 1

STEP 2

STEP 3

STEP 4
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Lignocellulosic

Biomass

Fermentation

Most Complex Step

Pre-Treatment Step — High in CAPEX

Requires complex enzymes

Saccharification —~ High in OPEX

Established for glucose

— > New technology for pentose

Innovations reqd for better

/ performance

Separation/Purificatior

> Alcohol
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MAJOR CHALLENGING AREAS BN efosms o
IN 2G ETHANOL TECHNOLOGY

Pretreatment — about 30 % of cost
* Producing low toxins

Enzyme Hydrolysis — high opex

* High turn over & resistance to toxins

Fermentation - Utilisation of both C5 &
C6 sugars



Consequence of Enzyme cost
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Based on a ethanol production plant capable of approx. 100 MLPY.

Enzymes
0,12 Euro/l (0,5
USD/gal)

"CELLULOSIC ETHANOL TO TAKE OFF FROM 2013" by Steen Riisgaard president and CEO of Novozymes
“what is next alternative for energy" Boston consulting group
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1G ETHANOL GLOBAL SCENE

US 1s largest producer and corn is used as
feedstock

US has almost all gasoline blended with 10%
ethanol

Brazil produces ethanol from sugarcane juice and
blends to level of 27 % and 85 % 1n flexi vehicles

European ethanol is from grains
Indian 1G ethanol can not follow this route



2G ETH AN O L N E E D indlanOil T of Persililtis

US uses about 1/3" of total corn for ethanol
production

Corn ethanol reduces GHG, as compared to
gasoline, only by 25-30%

Long run the programm is unsustainable
Huge amount of farm residue available
2G ethanol reduces GHG by ~70-90 %

US thus introduced renewable Fuel Standards
(RFS) where certain amount of 2G ethanol use is
mandatory
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CeLLULOSIC ETHANOL GLOBAL STATUs &= R &
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> 12 years of extensive R&D in US & Europe ( Funded by DOE/EU)
Demo pilots appeared in 2005-10

Commercial activity after 2012

Enzyme companies ( eg. Novozymes) ~ State funded for cost reduction

Six large plants operational

Beta Renewables (20 MG/yr) in Italy- 2013

Poet-DSM( 20 MG/yr) -2014, Dupont (30 MG/yr) 2016, Abengoa ( 25
MG/yr) in USA-2014

Raizin ( 10 MG/yr)-2015 and Granbio ( 20 MG/yr) in Brazil- 2014

Almost all plants faced initial teething problems before stablisation

Technology is still evolving as there are few operational and
maintenance issues & mid term corrections being done

20



BIODIESEL

No Technological issue for BD production

Trans-esterification/esterification

Major Challenges to improve availability
Raw material
New raw materials required
Value addition of by products
3rd Generation technologies

Production Capacity : 1.2 MMT A

Low efficiency

OMCs started B5 blending in 2016

Very low production
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CONCLUDING

Bio Energy area is fast evolving
Technologies are getting better & cheaper
Production costs have dropped

Still technical challenges are formidable

India needs to develop best suited technology
platform

Current focus on R&D is very promising
Large R&D funding available for promising projects
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RENEWABLE ENERGY INDICATORS 2015

Henewable power capaaty (ot including hycea) SwW
£ Hydropower capacty® Sw
0 Sio-power capoaoty® GwW
L] Sio-power generamion (anvmaad) Twh
[ Geothermal power capacity SwW
Solar PV capacity G
Concertrating solar thermal power capaciey Sw
EX winc power capacity G

"] Solar hot water capacity © G
TRANSPORT

I &thancl producton (annual) tilion litres
L] Siociesel production (arnuxd) bdlion litre=
POLKES

Cournnes with policy targess 3
States/provinces/cauntries with feed4n polices s
StatesS/provinces/countries with 88S/guota policies =
Coumnes with tencdering / public compesniee Didding * =
Cormnies with heat obligation/mancate =
Courmnes wirh biofuel mandates® =




B10-DIESEL

SPECIFICATION INdianQil e Peve o vkl
S.No | Characteristics 1IS15607:20 |1S-15607 - | ASTM EN
(Unit) 05 16 D6751-15 14214-14
Density at 15°C (kg/m?® | 860-900 860-900 NA 860-900
K. V. @ 40°C (cSt) 2.51t06.0 3.5-5.0 1.9-6.0 3.5-5.0
Flash point, PMCC (°C) | 120 101 93 100
min
Sulphur (mg/kg) max 50 10 15/500 10
CCR" (% mass) max 0.05 0.05 0.05 -
Sulfated ash (% mass) | 0.02 0.02 0.02 0.02
max
7 Water & sediment 500 500 500 500
(ppm) max
8 Total cont" (mg/kQ) 24 24 NA 24
max
9 Cu corr", 3h @ 50°C 1 1 3 1
(No) max
1Ql< r—wb\(,:\?\tgp.-e:ﬁ[\.l.q\"p —'\Inr\n 1009/ ?ﬂ\lmnln o1 47 o1
" Acid value (mg KOH/g) | 0.50 0.50 0.50 0.50

11




B10-DIESEL SPECIFICATION

(CONT...) -
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S.No | Characteristics (Unit) 1S:15607:2 | 1S-15607- | ASTM EN 14214
005 16 D6751
13 Methanol (% mass) max 0.20 0.20 0.20 0.20
14 |LInolenic acid methyl ] 12 NA 12
ester, %om/m Max
15 Ester content (% mass) min | 96.5 96.5 NA 96.5
16 Free Glycerol (% mass) max | 0.02 0.02 0.02 0.02
17 Total Glycerol (% mass) 0.25 0.25 0.24 0.25
max
18 Phosphorous (mg/kg) max | 10 4 10 4
19 Oxid" stability @110°C (h) 6 8 3 8
min
20 Na & K (mg/kg) max 5 5 5 5
21 Ca & Mg (mg/kg) max 5 5 5 5
22 lodine value g iodine/100gm | To report 120 NA 120
max
23 Polyunsaturated (>-4 - 1 NA 1
double bonds) methyl ester
, %0 mass max
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ENTS OF ANHYDROUS S ILGLT
YFOR USE IN AUTOMOTIVE FUEL
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IndianO S i v 1546412004 Requirement

1) Relative density at 15.6/15.6° C, Max 0.7961

i) Ethanol content percent by volume at 99.50
15.6/15.6° C, Min (excluding denaturant)

i) Miscibility with water Miscible
Alkalinity Nil
Acidity (as CH;COOH) mg/l, Max 30

‘esidue to evaporation percent by mass, 0.005
ax
Aldehyde content (as CH;CHO) mg/l, Max 60
Copper, mg/kg, Max 0.1
Conductivity, uS/m, max 300
Methyl Alcohol, mg / litre, Max 300
Appearance Clear & bright




