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Main drivers for Green Manufacturing

• 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

•

•



Climate Change &Environment

“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 
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.

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



Environmental Sustainability Index (ESI) & 

Environmental Performance Index (EPI) 

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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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)

Manufacturing Sustainability Index 
(MSI)



Renewability: 
• 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.

Sustainability-Renewability -Affordability 
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“Innovation’s Holy Grail”

Á“Affordability and sustainability are replacing premium pricing 
and abundance  as Innovation’s drivers, but few executives 
know how to cope with shift”

Á“Companies must make their offerings to a greater number of 
people by selling them cheaply and must develop more 
products and services with fewer resources”     

Á“A few Indian pioneers have figured out how to do more with 
fewer resources  for more people “More from Less for More”

C.K. Prahlad & R.A. Mashelkar “Innovation’s Holy Grail”                           
Harvard Business Review, July-August, 2010 (www.hbr.org)



Practical Applicability depends on
“SAR” Relationship 

Sustainable

BUT HOW TO ACHIEVE THIS IN BUSINESS?



Innovation shows the way
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Innovation is at core of Sustainability



Problem Identification: Points to consider

• 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



Latest examples from Tatas

Highly Innovative, Effective and  yet Affordable

TATA SWACH (Water Purifier) TATA NANO

(Peopleôs Car)

USD 20 USD 6

• Rice Husk & n:Ag

• No Electricity

• No running water

• 3000 L pure water

• Auto shut end-of-life 

mechanism.

• Wall Street Journal  

Gold  Innovation Award

USD 2000



Tata Swach wins Innovation Awards
• ICIS Innovation Awards 2010:

“Best Product Innovation” for the ‘Tata 
Swach’ Nanotech Water Purifier. The 
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. 

• Wall Street Journal Innovation Award:

Gold Award’ at the Asian Innovation 
Awards 2010, chosen out ca. 300 global 
new products, presented by The Wall 
Street Journal Asia in partnership with 
Credit Suisse AG.



Industry 2.0, October 2011



Industry 2.0, October 2011

Carbon Disclosure Project (CDP) on GHG



National Manufacturing Policy (NMP)

Industry 2.0, October 2011
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Sectors mainly responsible for Climate 
Change Issues

• Power / Energy (mainly from  Coal, Petroleum (CO2)).

• 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 CO2).

• Deforestation

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



CO2 emissions and consumption: Comparison

• Average person produces: 2.3 TPA CO2

• Average car produces : 5-6 TPA CO2

• An acre of average forest consumes: 2-3 TPA CO2

• An acre of typical farm consumes: 2 TPA CO2

• An acre of Algae consumes (maximum): 17 TPA CO2

• 1 ton of CO2 makes 125 gallons of ethanol, or

• 1 KL ethanol  production consumes ca. 2 tons of CO2 

(Source: Algenol)



Market and Opportunities

Highest  Growth Rate 

in next few decades  

for Energy from 

Renewable Sources  
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H2 (from H2O), Biomass, Oil & Coal

Fuel Source Renewability Sustainability Affordability

Hydrogen from 
water splitting

+++++ +++++ +

Biomass (Ligno-
Cellulosic/Algae)

+++++ ++++ +++

Mineral Oil + + +++++

Coal + + +++++



Energy density and CO2 Produced per kWh for 
different fuels

Fuel Energy 
Density 
(MJ/Kg)

Energy 
Density 
(kWh/kg)

CO2 (in kg) generated / kWh

Hydrogen 141 33 0.0

Ethanol
Butanol

30
36 

7.0 
9

0.5 (50% Efficiency)

Natural Gas
Gasoline

Bagasse

Coal

54
46

17 –20

29 –36 

15
12

4.4 –5.2

9.1

0.3 (60% Efficiency)

0.7 –0. 9 (45% Efficiency)

0.7 –0.9  (45% Efficiency)

CRC Hand Book (Physic & Chemistry) 90th Ed. 

2009, Sec 5, pp. 69) 



Biomass to Biofuels

Biomass  Source Biofuel/Product Status

Organic “waste” including 
Municipal Solid Waste

Methane + Manure Commercial 
prototypes

Vegetable oil (mainly non-
edible/ used oil etc)

Bio-diesel, BD (Alkali / 
Solid catalyst)

Commercial / 
Demo

Ligno-cellulosic materials Ethanol; Butanol; 
Syngas, Bio-oil

Pilot / Demo / 
early commercial

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

Pilot / Demo  

Cyano bacteria or Blue-
Green-Algae (BGA)

Ethanol / Butanol / 
hydro carbons (Diesel)  

Pilot / Demo  



Waste to Energy
• What is 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 



Waste to Fuels / Energy

Low temp Pyrolysis / Poly crack for Distributed 
Energy Production units

MSW / Plastics 

/ Polymers / 

Rubber  etc..

Low Temp. (ca. 

300 C) 

Pyrolysis

Catalyst   

• Gas (H2; CO2; NG; PG)

• Liquid (Crude oil) & Wax

• Solid ( charcoal) 

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

Status:   Early commercial / Pilot Scale



BARC-Growdiesel Biopower Technology:
Prototype is running at Delhi 
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CO2 +
Methane

Organic Waste from: 

Kitchen;  Mandi
Hotels

Agri Farm

Used Veg. oil
Slaughter house

Municipal Solid Waste 

1 st Stage 

Reactor

2 nd Stage 

Reactor

Bio CNG

Bio - manure for 

Agri purpose

Duel Fuel 

DG Sets

Source:  Growdiesel Waste to Biofuel Project

Grow Diesel WTG1XG project based on 
BARC Technology

Power + Heat

Reformer + Fuel Cell

CatalystCatalyst

Bio 

Cat-!

Bio 

Cat-I!

Syn Gas + FT      

Catalysts



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

Biomass gasification is complicated and needs to be investigated carefully.

Biogas (CO2 + Methane (dry reforming) is attractive, requires significant 
R&D work in catalysis. Better choice for distributed Green Fuel (Green 
Diesel?).   

Biomass:

Waste to Biogas 
(Methane + CO2

Electro-chemical 
water splitting 

CO + H2 

(Syn gas)

Methanol

Diesel / 
ChemicalsF.T.

H2 Fuel Cell 

(SOFC, PEMFC

Power 

Dry 

Reforming / 

Triforming

Catalysts

Methane + CO2

WGS



Hydrogen generation from water

Design Criteria Photosynthesis
Sun Catalytix

Catalyst

Conditions of operation
Neutral pH and STP

Low over-potential

Neutral pH and STP

Low over-potential

Repair
Replaced Every 

30 Minutes

Self-Assembles 
During Catalysis

Water Supply Variable Variable

Abundant materials Manganese Cobalt

Structure

Sun Catalytix Technology Mimics Nature’s Processes



Two Development Paths for Water-Splitting

Sun Catalytixtechnology: a core platform to develop 
low-cost hydrogen generators

Low-cost Earth 
Abundant Catalysts

High Performance 
Cell Design

Low Cost, 

High Efficiency 

Electrolyzer

Low Cost, 

High Efficiency 

PEC Devices

Low-cost Light 
Absorbing Systems

Photoelectrochemical Cell
Sun Catalytix Catalysts

with PV Semiconductor



• Sun Catalytix
electrolyzer (Solar  
assisted) development 
targets low cost at 
small scale

• More advanced 
technologies focused 
on significant  
differentiation from 
electrolysis

C
o

s
t 

($
/k

W
)

Scale (kW)

Existing 

Electrolysis 

Technology
Sun Catalytix

Targets
• Complicated 

systems

• Expensive 

catalysts

• Simple systems

• Earth-abundant 

catalysts

Sun Catalytix Development Focus on Water Splitting



Catalysis:  Ammonia synthesis

Haber process for ammonia / fertilizers

N2 + 3H2 2 NH3 ;           H = -92 kJ mole-1

Iron as catalyst; 400-450 ºC; 200 atm.; solid-gas reaction 

ñThe prophesy of doomòin Malthus essays on population in 1798 did not 

come true only due to:

• Carl von Linde: liquefaction of air for N2 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

Process Reaction Catalyst

Thermal cracking Gas oil to parafins & 

olefins

Nil

Cat-cracking 

(FCC)

Gas oil to iso-parafins & 

olefins

AlCl3 (1915); later SiO2-Al2O3

(1936);  Zeolites (1960-)

Hydro-cracking Gas oil + H2 to parafins Pd/Ni-Zeolites

Reforming Naphtha to aromatics 

and isoparafins

nano:Pt-Alumina

Isomerization  

Iso-dewaxing

Short n- to iso-parafins 

Long n- to iso-parafins

AlCl3(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 

continue to do so today.
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Petrochemicals (Replacing AlCl3 by Zeolites)

Aromatic alkylation

OH

O2

OOH

O

CH3CCH3
+

200 oC

H2C=CH2 /CH3-CH2-OH

-H2

-H2O

CH3OH
+ H2O

LAB       Detergent 

AlCl3

Zeolites



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

Anisole

Reaction

Hydrolysis

Liq.-Liq. 

seperation

Washings 

(repeated)

Dehydration / 

Distillation
4-methoxy aceto-

phenone, 4-MAP

ClCH2-CH2Cl

Water 

recycled

CH3COCl

Water 

Reaction 

preparation

AlCl3

Distillation

CH3COOH

Zeolite 

Beta as 

catalyst in 

a fixed bed 

reactor

Ac2O

Ac2O



Water as reaction medium in Liquid Phase 
Organic Reactions:

OH OH

OH

OH

OH

+
Fixed bed, Continuous

Water as solvent, 80oC

TS-1 / H2O2

TS-1: Titanium-Silicate Zeolite

with MFI Framework

Hydroxylation of Phenol to Catechol and Hydroquinone

Former Enichem Process



Single step hydroxylation of Anisole to Hydroxy-anisoles

OH

OH OH

OH

OMe

OH

OH

OMe

OH

OMe

+

+
O-Methylation

TS -1/ H2O2
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B
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O-Methylation
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Bhaumik & Kumar: Ind. Eng. Chem. Res. 2007



Why is it so?

• TS-1 is 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 % 



Summary

• 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 
power.

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

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



Conclusion

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

faith and confidence in our capabilities 
that we shall rise again now to address 

the present issues facing us



Thanks


