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* Drivers for Green Manufacturing
e Sustainability, Renewability and Affordability
|H

* |Innovationthe “Holy Grai

e Catalysisand Green Chemistry: Enablers for
Cleaner Energy and Chemical Manufacturing.
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Main drivers for Green Manufacturing Tir-.-',\

Climate change and Environmental degradation
Sustainable development.

Safe environment (Avoid / Minimize Hazards)

Reduction in Input and Increase in Output

More affordability for larger customer base
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Climate Change &Environment rﬂ:\

National Debt versus Natural Debt
R.K. Pachauri, Chairman of IPCC and DG of TERI

“The consumption of natural resources has reached levels, which
are clearly un-sustainable”

“India has recorded high rates of growth in recent years, which
while creating new opportunities for society, also pose major
challenges which governmental budget can address in a significant

V4

way

“The degradation of natural resources affects the poorest people
in a society most adversely”

While such section of the society contribute to the climate change
the least.
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Environmental Sustainability Index (ESI) & @p
Environmental Performance Index (EPI) ~ TATA

ESI: A composite index tracking a diverse set of
socioeconomic, environmental, and institutional
indicators that characterize and influence environmental
sustainability at the national scale. (India: 101/146)

EPI: Index ranks on 25 performance indicators tracked
across ten policy categories covering both environmental
public health and ecosystem vitality.

These indicators provide a gauge at a national
government scale of how close countries are to
established environmental policy goals. (India: 123/163)
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Saturday, January 29, 2005

India one of the worst polluters

New environment sustainability index ranks India 101 among 146 nations

How Green is the Valley

Times NEws NETWORK

Mumbai: India is all set to be the
next economic superpower, but it is
still bottom of the class in conserv-
ing natural resources and provid-
ing clean drinking water. A new en-
vironment sustainability index
ranks India as one of the worst pol-
luters, rating it 101 of 146 countries
when assessed on parameters like
air pollution, biodiversity and wa-
ter quality.

The ‘How green is your country’

index, which was produced by a
team of environmental experts at
Yale and Columbia universities and
released at the World Economic Fo-
rum in Davos on Thursday, finds
mostly Nordic countries topping the
list, with Finland at number one
again, followed by Norway, Uruguay,
Sweden and Iceland. Their high
scores are attributed to substantial
natural resources, low population
density;, and successful management
of environment and development is-
" sues, said researchers.

India, which beat China, ranked
133, scored better in ‘global stew-
ardship’ parameters like interna-
tional collaboration, as well as in ef-
forts to reduce population pres-
sures and private sector responsive-
ness to environment issues. But it
did below average of its ‘peer’
group in environmental quality pa-

TOP FIVE

Finland
Norway
Uruguay
Sweden
Iceland

BOTTOM FIVE

Uzbekistan
Iraq
Turkmenista
Taiwan
North Korea

rameters — air pollution and ef-
forts to reduce it, biodiversity, land
degradation, water quality and ade-
quate supply and greenhouse gas
emissions.

However, India’s performance
has improved from 2002 when it
ranked 116 in the environment sus-
tainability index.

Countries were ranked on 21 ele-
ments of environmental - sustain-
ability, a holistic list which factored

in not only environmental pollution
and health but also government
management efforts, contribution
to protection of global natural re-
sources, and a country’s capacity to
meet environmental challenges
over time,

The United States places 45th in
the rankings, just behind the
Netherlands (44) and ahead of the
United Kingdom (46), reflecting top-
tier performance on issues such as
water quality and environmental
protection capacity, said the study.
Bottom-rung results on other is-
sues, such as waste generation and
greenhouse gas emissions (not to
mention playing spoilsport with the
Kyoto protocol), bring down the
overall US standing.

The lowest ranked -countries
are North Korea, Irag, Taiwan,
Turkmenistan and Uzbekistan,
countries, which researchers faced
huge challenges, both natural and
manmade, and have poorly man-
aged their policy choices.

Interestingly, Latin American
countries have done much better
than last time, many of them
among the top twenty. Argentina is
number 9 and Brazil is number
11, for example.

“Income emerges as a critical
driver of environmental results,”
says the study, but “at every level of
economic development, there are

countries managing their environ-
mental challenges well and others
less so. For instance, Belgium is as
wealthy as Sweden, but it lags badly
with regard to pollution control and
natural resource management.” In
this regard, the study adds, vari-
ables that gauge a country’s com-
mitment to good governance, in-
cluding robust political debate, a
free press, lack of corruption, rule
of law, are highly correlated with
overall environmental success.

The index also demonstrates that
environmental protection need not
come at the cost of competitiveness.
“Finland is the equal of the United
States in competitiveness but scores
much higher on environmental sus-
tainability and out-performs the US
across a spectrum of issues, from
air pollution to contributions to
global-scale environmental efforts,”
the study said.

The problems faced by developed
countries and developing countries
are different, the one challenged by
pollution stresses and consump-
tion-related issues and the other
more concerned by resource deple-
tion and a lack of capacity for pol-
lution control.

Researchers said that they hoped
the index would help make “envi-
ronmental decision-making
more empirical and analytically
rigorous.”
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Manufacturing Sustainability Index  ¥w
(MSI) TATA

MSI = Rate of production / Rate of consumption
- MSI = 1: sustainable

- MSI > 1: sustainable growth with accumulation

- MSI < 1: un-sustainable with depletion

Sustainability Is also time dependent:

What ever Is sustainable today may become un-
sustainable tomorrow (if SI becomes < 1)
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Sustainability-Renewability -Affordability ara

Renewalbility:

 Renewable is not necessarily sustainable (If SI < 1)
* Non-renewable may also be sustainable (Solar

Energy)

Affordability: It is also time and region

dependent:

 What is un-affordable today may become affordable
tomorrow.

 Whatever is affordable in one region may not be so in
another region.
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TATA

“Innovation’s Holy Grai

A*“ Af fordability and sustaina
and abundance as I nnovatio

know how to cope with shift
A“ Companies must make their

people by selling them cheaply and must develop more
products and services with

A“A few I ndian pioneers have
fewer resources for more people® Mor e f rom L e

C.K.Prahlad & R.A. Mashelkar“ | nnovati on’
Harvard Business Review, July-August, 2010 (www.hbr.org)
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Practical Applicability depends on WD
“SAR” Relationship TATA

Sustainable

BUT HOW TO ACHIEVE THIS IN BUSINESS?

TATA CHEMICALS LIMITED




Innovation shows the way Tir:',\

Innovation is at core of Sustainability

Social
Applications

Business
Model

Types

Process
Product/Service

Degree of Complexity —>
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Problem Identification: Points to consider  aTa

Is it a big, widely recognized problem?

Does it provide wide range of business opportunities?
Is it disruptive, changing the rules of the game?

Does it provide sustainable and inclusive solutions?
Global market

Convergence of different sectors for innovative product

High tech should also be affordable for bottom of pyramid and
underprivileged section of the society.

Innovation, sustainability and affordability should go hand-in-hand
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Latest examples from Tatas 1’\"1?1\

ﬁATASWACH(Water Purifierm / TATA NANO \

* Rice Husk & n:Ag
* No Electricity

(ﬂﬁb = ¢ No running water
‘l |

-+ 3000 L pure water
« Auto shut end-of-life
' mechanism.

| + Wall Street Journal

» . Gold Ianvation Award

A

USD 2000

USD 20 USD 6

Highly Innovative, Effective and yet Affordable
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Tata Swach wins Innovation Awards r’\‘l:'n

* |CIS Innovation Awards 2010:

“Best Product Innovz

6 THE WALL STREET JOURNAL, Thursday, Octaber 28, 2010

Swachh Nanotech Yater
judges also noted that TCL has well
established and deeply embedded
philosophies of social and corporate
responsibility, which characterizes how the
Company approaches business and
innovation.

 WallStreetJournal Innovation Award:

Gol d Award’ at the - SN
Awards 2010, chosen out ca. 300 global g\ } e——

for s Swach water purtfer. Above, Ashvint Hiran, chif operating 1! administer drugs without the pain of standard Injections,

officer of Tata's consumer products business. won the Sitver award. Above, Bal Xu, chief executive of Suzhou Natong

new products, presented by The Wall ot i i i
Street Journal Asia in partnership with
Credit Suisse AG.
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The 2011 Carbon Disclosure Project Global 500 report shows that many organisation:
have finally realised the value of reducing their carbon footprint. Increasingly, comme
interests are driving the reduction of greenhouse gas emissions at the world’s largest

companies. India Inc needs to catch up quickly

S TIET R S D TR T
BY DHIMAN CHATTOPADHYAY Industry 2.0, October 2011
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Carbon Disclosure Project (CDP) on GHG -ril:'l\

“The improved financial performance

of companies with high carbon perfor-
mance is a clear indicator that it makes
good business sense to manage and
reduce carbon emissions”

—Paul Simpson, CEO, CDP

Industry 2.0, October 2011
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Industry Body Welcomes NMP

he Confederation of Indian Industey (C11) believes that the governments Na-
lional Manufacturing Policy (NMP) has the potential lo dramatically alter India’
manufacturing sector. “While some fiscal incentives have been provided, the
simplification of administrative procedures and creation of world- class infra-

structure facilities will encourage incremental investment in manufacturing,".
observes President B Muthuraman.

Industry 2.0, October 2011

. W
National Manufacturing Policy (NMP) TATA

A Policy Boost . »’ ,/
for Manufactunng‘? e

Policy (NMP). The goal of this policy,  constituencies worked.

afirst for India, is to significantly Setting up a mega greenfield indus-
increase the share of the manufacturing trial park is a daunting task. It is not quite
sector in the nation's GDP, create new jobs  clear how land for the new NIMZs will be
and add new capabilties. Taking a cue from obtained, and how long it will take. Some
China, the policy envisages the creation of arms of the government are unhappy that
National Investment and Manufacturing their powers to regulate industries will be

he Union Cabinet has finally ap- scouted for new options. Neither have
proved the National Manufacturing  industrial estates set up to satisfy political

Zones (giant industrial parks) in collabora- curtailed by the NMP.
tion with the private sector, Trade unions fear that the enecial |
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Out line and scope TTT'A

e Catalysis and Green Chemistry: Enablers for
Cleaner Energy and Chemical Manufacturing.
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Sectors mainly responsible for Climate a»
Change Issues TATA

Power / Energy (mainly from Coal, Petroleum (CO,)).
Transportation using fossil fuels

Chemicals (energy inefficient operations, non-green
processes)

Pharma (excessive use of solvents, inefficient processes).

Land fill / composting of organic “waste” e.g. MSW
(Methane is 23 times more damaging than CO,).

Deforestation

Any other sectors which are energy intensive and use
chemicals extensively.

TATA CHEMICALS LIMITED



. . . W
CO, emissions and consumption: Comparison  ara

Average person produces: 2.3 TPA CO,
Average car produces : 5-6 TPA CO,

An acre of average forest consumes: 2-3 TPA CO,
An acre of typical farm consumes: 2 TPA CO,
An acre of Algae consumes (maximum): 17 TPA CO,

1 ton of CO, makes 125 gallons of ethanol, or
1 KL ethanol production consumes ca. 2 tons of CO?2

(Source: Algenol)




Global Energy Requirements
Market and Opportunities

| | | | Energy from
Highest Growth Rate m renevabi
In next few decades

for Energy from
Renewable Sources W fossil fuels

- ofwhich: oil

B nuclear power

oroe:

0 S | | Shell Study 2000

1900 1520 1960 1980 2000 2020 2040 2080

The ghare of renewable types of energy in global energy production will
be just as high in the year 2030 as the position held by fossil fuels today
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TATA

Tata Power Boosts Renewable
Energy Portfolio

ata Power now has 300 MW of
Twind power capacity, with farms

are spread across Maharashtra,
Gujarat, Tamil Nadu and Karnataka. The
company has an additional 64.5 MW
capacity under execution that will be
commissioned in Q3 of FY2011 in Tamil
Nadu and Maharashtra.

Tata Power is also acquiring 20.95
MW operating wind assets in Maharash-
tra from Niskalp Energy, and is expect-
ing to place orders for 150 MW wind

is generated from clean sources. We
are are committed to adding a sizable
capacity every year to maintain a sig-
nificant wind portfolio.”

Banmali Agrawala, Executive Direc-
tor, Strategy and Business Develop-
ment, Tata Power, said, “We want to
ensure that 25 per cent of our power
capacity comes from clean technologies.
This may go down in the near term, but
we aim to have at least one-fourth of
our power through such sources.”

TATA CHEMICALS LIMITED

Industry 2.0, October 2011




H, (from H,0), Biomass, Oil & Coal ..il:\

Renewablllty Sustainability | Affordability

Hydrogen from +++++ +++++
water splitting

Biomass (Ligno- +4++++
Cellulosic/Algae)

Mineral Oil +

Coal +

TATA CHEMICALS LIMITED




Energy density and CO, Produced per kWh for  @lwp
different fuels ISENNEN

Energy Energy CO, (in kg) generated / kWh
Density Density
(MJ/Kg) | (kWh/kg)

Hydrogen 141 33 0.0

Ethanol 30 7.0 0.5 (50% Efficiency)
Butanol 36 9

Natural Gas 54 15 0.3 (60% Efficiency)
Gasoline 46 12

Bagasse 0.7-0. 9 (45% Efficiency)

Coal . 0.7-0.9 (45% Efficiency)

TATA CHEMICALS LIMITED CRC Hand Book (Physic & Chemistry) 90 Ed.
2009, Sec 5, pp. 69)




Biomass to Biofuels TTT'A

Organic “waste” including Methane + Manure Commercial
Municipal Solid Waste prototypes

Vegetable oil (mainly non- Bio-diesel, BD (Alkali/ Commercial/
edible/ used oil etc) Solid catalyst) Demo

Ligho-cellulosic materials Ethanol; Butanol; Pilot / Demo /
Syngas, Bio-oil early commercial

Algae Oil (BD); Starch Pilot / Demo
(Ethanol/Butanol)

Cyano bacteria or Blue- Ethanol / Butanol / Pilot / Demo
Green-Algae (BGA) hydro carbons (Diesel)

TATA CHEMICALS LIMITED




Waste to Energy Ti\r'l"l\

e Whatis waste?

— Un-used/ under-used resource.

— Nature does not have the concept of waste.
— Waste generation is not sustainable.

* Type of Waste generated from modern human activity:
— Municipal Solid Waste
— Kitchen, Vegetable Whole Sale, Slaughter House, wet waste
— Forest/ Farm residue and leafy / woody waste.
— Man made Polymers /Plastics.
— Rubber based waste (used tyres , tubes etc)
— Electronic waste

TATA CHEMICALS LIMITED



Waste to Fuels / Energy TTT'A

Low temp Pyrolysis / Poly crack for Distributed
Energy Production units

MSW / Plastics
/ Polymers /
Rubber etc..

Catalyst

Low Temp. (ca.
300 C)
Pyrolysis

l

* Gas (H,; CO,; NG; PG)
 Liquid (Crude ail) & Wax
« Solid ( charcoal)

Solid Municipal Waste disposal problem will also have a good solution.

Status: Early commercial / Pilot Scale

TATA CHEMICALS LIMITED




BARC-Growdiesel Biopower Technology:

W

TATA

Prototype is running at Delhi

\

[ Carbohydrates \i|:>[ Sugars “
)¢{ Fatty acids “

{ Fats

{ Proteins ]l:>|;[ Amino acids n

-

acids and
alcohols

Carbon
dioxide

. Ammonia

A_/i Acetic acid
Carbon !
»

~Hydrogen

“J

Carbonic |

P ~
Methane
Carbon

e dioxide P

Hydrogen E

. dioxide

Hydrolysis

Acidogenesis [

Acetogenesis | [ Methanogenesss |
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Grow Diesel WTG1XG project based on 1’\13\

Power + Heat

1st Stage 2" Stage Reformer + Fuel Cell
Reactor Reactor Catalyst4\ Catalyst

) Syn Gas + FT\

Bio Bio co, +
Cat-! » Cat-|! Methane Catalysts

Organic Waste from:
Kitchen; Mandi
Hotels
Agri Farm
Used Veg. all CRET NN R
Slaughter house PRI Duel Fuel
Municipal Solid Waste Bio -manure  for DG Sets

Agri  purpose

TATA CHEMICALS LIMITED Source: Growdiesel Waste to Biofuel Project




Cleaner Fuels W
H2, Fuel Cells, XTG and XTL (CTG/L, GTL, WTG/L, BTG/L etcFATA

Electro-chemical H, — Fuel Cell N
water splitting (SOFC, PEMFC

— | Methanol

—_—

Biomass:

Waste to Biogas W (Syngas) T

(Methane + CO, Té”orms;tf Diesel /
Y FT. Chemicals
Methane + CO,

Biomass gasification is complicated and needs to be investigated carefully.

Biogas (CO, + Methane (dry reforming) is attractive, requires significant
R&D work in catalysis. Better choice for distributed Green Fuel (Green
Diesel?).
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Hydrogen generation from water Ti':',\

Sun Catalytix Technology Mimics Nature’s Processes

Design Criteria

Conditions of operation

Photosynthesis

Neutral pH and STP
Low over-potential

Sun Catalytix
Catalyst

Neutral pH and STP
Low over-potential

Repair

Replaced Every
30 Minutes

Self-Assembles
During Catalysis

Water Supply

Variable

Abundant materials

Variable

Structure

/Co\ /Co\

(@) O




Two Development Paths for Water-Splitting T"TI_'A

Low-cost Light
Absorbing Systems
Low Cost,
High Efficiency
PEC Devices

Photoelectrochemical Cell

Low-cost Earth Sun Catalytix Catalysts
Abundant Catalysts with PV Semiconductor

Low Cost,
High Efficiency & i

Electrolyzer 2
High Performance

Cell Design

Co-OEC  Sun Catalytix
Anode Cathode

SunCatalytixtechnology: a core platform to develop
low-cost hydrogen generators




Sun Catalytix Development Focus on Water Splitting W
TATA

* Sun Catalytix
electrolyzer (Solar
assisted) development
targetslow cost at
small scale

Existing
Electrolysis

“~, Technology
Sun Catalytix

Targets }Omﬂﬂlgﬂed
. e syste
on significant « Simple systems . Expensiv\

differentiation from » Earth-abundant catalysts
] catalysts \
electrolysis

Scale (kW) —

More advanced
technologies focused

=
<
&
17
Q
O




TATA CHEMICALS LIMITED

Catalysis: Ammonia synthesis

Haber process forammonia/fertilizers

N2 + 3H2 ~ 2 NH3 , A H - '92 k\] m0|e-1
Iron as catalyst; 400-450 °C; 200 atm.; solid-gas reaction

AThe prophesy of doomoin Malthus essays on populationin 1798 did not
come true only due to:

 Carl von Linde: liquefaction of air for N, separation.
* Fritz Haber: successfully produced ammonia catalytically.

Today, 10 million tons of ammonia is produced per year using original
process, obviously with increased efficiency.




Mineral oil processing / refining qw

TATA

Process

Reaction

Catalyst

Thermal cracking

Gas oll to parafins &
olefins

Nil

Cat-cracking
(FCC)

Gas oil to iso-parafins &
olefins

AICI;(1915); later SiO,-Al,O4
(1936); Zeolites (1960-)

Hydro-cracking

Reforming

Isomerization
|so-dewaxing

Gas oil + H, to parafins
Naphthato aromatics
and isoparafins

Short n- to iso-parafins
Long n- to iso-parafins

Pd/Ni-Zeolites

nano:Pt-Alumina

AlCl;(corrosion, moisture)
Pt-Zeolites

Hydrodesulphuri-
zation (HDS)

Removal of S from fuel

Co-Mo-Alumina

Efficient catalytic refining processes revolutionized the energy and
transportation (sea, land and air) scenario after second world war and
continueto do so today.




Petrochemicals (Replacing AICI, by Zeolites) 1’\‘1:\

Z

Aromatic alkylation
AICI,

| ~ LAB——Detergent J

H2C:C H2 /C H3‘C H2'OH .
-H,0

| CH,OH
= + H,0

TATA CHEMICALS LIMITED




Anisole acetylation: Comparison of conventional and '|'
recent solid acid (zeolite) catalyzed processes TATA

ACl, [ l Anisole Zeolite

CICH,-CH,CI Reaction A Beta as

preparation catalystin
Ac,0O a fixed bed

Reaction reactor

CH,COCI

S >| Hydrolysis N

recycled

Lig.-Liq.
seperation

, | Washings
(repeated)

Ac,O
Distillation |- \

Dehydration / X CH,COOH
Distillation

JARR 4-methoxy aceto-
phenone, 4-MAP

TATA CHEMICALS LIMITED




Water as reaction medium in Liquid Phase
Organic Reactions:

Hydroxylation of Phenol to Catechol and Hydroquinone

H H H
? TS-1/H,0, P 7 oH

Fixed bed, Continuous

Water as solvent, 80°C

TS-1: Titanium-Silicate Zeolite
with MFI Framework

TATA CHEMICALS LIMITED Former Enichem Process




Single step hydroxylation of Anisole to Hydroxy-anisoles

W

TATA

-~

O-Methylation

B

OH OH
TS -1/H,0, ©/OH <>
>
+
A
OH

OMe

OMe OMe
OH
— +
OH

O-Methylation
- TS -1/ H,0,

B CONYV
B Ortho

Bl Para

Water Acetone
- ({@=2n) “(t=6h)
TATA CHEMICALS LIMITED Bhaumik & Kumar: Ind. Eng. Chem. Res. 2007
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Why is it so? By

 TS-1is hydrophobic and has preference for organic for
absorption.

« Hence organic solvent competes favorably with organic
substrate for diffusion in TS-1 Channels in biphase.

* In Triphase, Organic substrate competes favorably with
water for diffusion in TS-1 Channels

Adsorption / Desorption data support this view

In Biphase: Solvent =90%; Substrate =10% (of total absorption
capacity of TS-1)

In triphase: Organic substrate =90 % and Water =10 %

TATA CHEMICALS LIMITED



q/v
Summary TIA

It is possible to be greener and also profitable.
Innovation is the key.

Energy sector needs to look for more of
renewable and affordable way to produce cleaner

powetr.

The so called “Waste” is valuable raw material for
energy and chemicals.

Catalysis and Green Chemistry is the way for
Greener Chemical manufacturing.
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Conclusion

Science, Technology, Industry and
Society have risen to the need and
occasion in the past, and | have full

faith and confidence in our capabilities
that we shall rise again now to address
the present issues facing us
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Thanks
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