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COUNCIL OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH (CSIR)

• A 64 year young, not-for-profit R&D organization
• 37 laboratories ; several outreach centers
• 22,000 strong work force, 5000 scientists / technol ogists
• 2,500 Ph. D`s
• CSIR’s R&D  areas :

Aerospace and aeronautics, Bio-sciences and bio-
technology, Chemicals and chemical technology, Coal , 
gas and petroleum, Construction technology, Drugs 
and pharmaceuticals, Earth and ocean resources, 
Ecology and environment, Electronics and 
instrumentation, Food processing, Leather and leath er 
goods, Machinery and equipment, New materials, 
Mining and metallurgy



COUNCIL OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH (CSIR)

ESTD.

Multi-disciplinary multi-location
chain of 37 research laboratories
Largest chain of publicly funded laboratories
Total staff strength of 18000 ;  scientific 
and technical staff : 13000

ESTD.
1942
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NATIONAL CHEMICAL LABORATOR :  MISSION

· To carry out R&D in chemical and related sciences w ith a 

view to eventually deliver a product, process, inte llectual 

property, tacit knowledge or service that can creat e wealth 

and provide  benefits to NCL’s stake holders

· To build and maintain a balanced  portfolio of scie ntific 

activities as well as R&D programs to enable NCL to  fulfill 

the demands of its stakeholders, present and future

· To create and sustain specialized  knowledge 

competencies and Resource Centres within NCL which 

can provide support to all stakeholders of NCL



LINKING SCIENCE TO SOCIETY

• Learning to  connect  principles of science to the  concerns of 
society ; emphasis on application and functions

• Balance breadth with depth, creation of knowledge w ith 
delivery of solutions to the stakeholders

• Integrate disciplines : Chemistry-biology, material  science –
physics, earth and atmospheric science and engineer ing

• Communication : ability to “sell” the solution, not  merely 
“solve” the problem

• Globally  competitive and yet be  locally relevant



NCL :  A  SNAP SHOT

· Established : 1950
· Location : Pune, India
· Total personnel

· Permanent Staff                                   :   730      
Scientific                         :    206
Technical                         :   330
Administrative                :    194     

· Research Fellows (CSIR, UGC) : 440
· Project Staff (M.Sc’s) : 382
· Post doctoral fellows                         :               24 

One of the largest publicly funded research institu tion in India
One of the oldest research institutions of independ ent India



NCL AT A GLANCE

· Over 220  scientific  staff with PhD 
· Interdisciplinary research centre with interests in  polymer 

science, organic chemistry, catalysis, materials ch emistry, 
chemical engineering, biochemical sciences and proc ess 
development

· Excellent infrastructure for measurement science an d chemical 
information

· 400 +  graduate students pursuing research towards doctoral 
degree; about 80 students awarded Ph.D. degree by t he 
University of Pune every year; a strong and young t alent pool 
which renews every few years

· Publish the second largest number of  peer reviewed  papers in 
chemical sciences  (~ 450) , file the largest numbe r of patents, 
both in India and overseas ( > 50) and produce the largest 
number of Ph.Ds in chemical sciences in India
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SCIENTIFIC DIVISIONS
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NCL : RESOURCE CENTRES

- National Repository of Molecules (2007)
- NCL  Innovations  ( 2006)
– Digital Information Resource Centre  (2003)
– Combi Chem Bio Resource Centre (2002)
– Centre for Materials Characterization (2002)
– Central NMR Facility (1998)– Central NMR Facility (1998)
– Catalyst Pilot Plant (1995)
– National Collection of Industrial Microorganism (19 50)



S&T VISION FOR  NCL

• Encourage excellence in core areas of science and 
technology

• Nurture new fields  of research at the intersection  
of disciplines

• Advance cross -functional collaborations• Advance cross -functional collaborations

• Define and execute a few large mission mode 
programs  that will energise the organization and 
demonstrate its collective strength

The most exciting developments in science  are 
occurring  at  the intersection of disciplines



� Nano-science and technology (2005)
� Chemical Biology (2007)
� Scientific  Computing (2008)
� Micro -reactor Engineering(2008)

CENTERS OF EXCELLENCE

� Micro -reactor Engineering(2008)
� Materials for Solar Energy and Fuel Cells (2009)
� Clean Coal Technologies (2010)



ENERGY  AND FUELS

• Energy will be one of the defining issues of this c entury. 
One thing is clear: the era of easy oil is over. Wh at we all do 
next will determine how well we meet the energy nee ds of 
the entire world in this century and beyond

• As populations grow And economies take off millions  in the 
developing world are enjoying the benefits of a lif estyle that 
requires increasing amounts of energy. Some say tha t in 25 
years world will consume about 50% more oil than it  does 
todaytoday

• New energy discoveries  are  occurring in places wh ere 
resources are difficult to extract physically, econ omically 
and even politically.

• Laws of economics tell us that when growing demand 
meets tighter supplies , the result is higher price s to 
consumers

• Key questions : How do we meet the energy demands o f  
both the developed and developing world ? What role  will 
renewables and alternative energies will play? How do we 
de-carbonise the environment? How do we accelerate the 
conservation efforts ?  



INDIA : SOME FACTS

% OF WORLD

Population 17

Land mass 2.4

Agricultural land 12.0

Water resources 4.0Water resources 4.0

Forest reserves 1.0

India consumes 80% of water resource for agricultur e
and 90% of its forest produce for fuel and fodder



INDIA`S ENERGY SOURCE (% SHARE)

Source (global 
share, %)

2006 2022

Coal (23) 50 75

Oil / gas (61) 45

Hydroelectric 
(6)

2 14
(6)

Nuclear (6) 1.5 6.5

Renewables (4) 1.5 4.5

To sustain 8% GDP growth through 2030, India will n eed to 
increase its primary energy supply by 3-4 times and

increase its power generation capacity by 
seven times (0.12 million Mw to 0.78 million Mw)



GLOBAL OIL DEMAND AND SUPPLY

•Global oil demand : 82 million barrels / per 
day

•Annual growth rate : ~2%

•Global production peak : 2007-2012

•India’s crude oil consumption : 150 million metric to ns 

•Annual growth rate : 10 % 

•Oil consumption, per capita :

•World : 576 kg

•India : 106 kg

India is the 6 th largest oil consumer of the world and 
represents 3.5% of world energy demand. Oil compris es of 33%

India’s energy basket and 25% total import bill ;  India’s share of  global 
energy demand will be 33 % by 2050



INDIA`S ENERGY SOURCE (% SHARE)

Source 2006 2022

Coal 50 75
(Total fossil fuels)

Oil / gas 45

Hydroelectric 2 14

Nuclear 1.5 6.5

Renewable 
Energy

1.5 4.5

To sustain 8% GDP growth through 2030, India will n eed to 
increase its primary energy supply by 3-4 times and

increase its power generation capacity by 
seven times (0.12 million Mw to 0.78 million Mw)



RENEWABLE ENERGY POTENTIAL / 
ACHIEVEMENTS IN INDIA

Potential 
(MW)

Achievement
(2001-02)(MW)

Wind 45,000 1640

Small hydro 15,000 1400

Biomass power 19,500 420

Biomass gasifiers - 43

Solar PV (MW/sq.km) 20 29*

Waste to energy MWe 1,700 17

India`s wind energy potentiaI :Third largest in the  world
India’s target is to produce 15,000 MW of energy fr om 
renewables by 2012.  This is approximately 10% of t he

total energy demands of India

* MW production



A LOOK AT RENEWABLE ENERGIES

Sources of renewable energy are attractive because they can always be 
replenished by nature and cause little or no pollution.  While new investments 
in clean technologies more than guadrupled from 2004 to 2007, high start up 
costs continue to be an impediment

14%
Nuclear

15%
Large hydro (dams) 770

74

Large hydro

Wind

Gigawatts generated by renewable energy sources in 2006

67% 
Fossil fuels

3.4% 
Renewable energies

other than large hydro
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$33.2
$58.5

$92.6

$148.4

Global investment
in clean energy,

in billions

74
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45

9.5

7.8

0.3

Small hydro

Biomass

Geothermal

Solar photovoltaic

Tidal

Source : Renewable Energy Policy Network for the 21 st Century; UN Environment 



INSTALLED CAPACITY ,GW  FOR SOLAR 
SMALL HYDRO, BIOMASS, WIND AND GEOTHERMAL

US 53.4  (18.6 $ bn)

China 52.5   (35.5 $bn)

Germany 36.2   (7.4 $bn)

Spain 22.3    (10.4 $bn)

India 16.5    (2.3 $bn)

Japan 12.8    (0.8 $bn)

Brazil 9.0       (7.4 $bn)



SECTOR WISE GHG EMISSIONS , INDIA: 2007
(Total 1.9 billion tons)

Sector CO2 ( %)
Electricity 37.8

Transport 7.5

Residential 7.2

Cement 6.8

Iron and Steel 6.2

Other Industry 8.7

Agriculture 17.6

Waste 3.0

Other energy 5.3



NATIONAL ACTION PLAN ON
CLIMATE CHANGE (2009 )

• Enhanced Energy Efficiency
• Solar Mission
• Sustainable Habitat
• Water Mission• Water Mission
• Sustaining the Himalayan Ecosystems
• Green India
• Sustainable Agriculture
• Strategic Knowledge for Climate Change



NATIONAL SOLAR ENERGY MISSION
(I US $ = INR 45 )

Launch January 11, 2010

Outlay US $ 19 billion
- Investment incentives : US $ 15 billion
- Subsidies : US # 1.5 billion- Subsidies : US # 1.5 billion

Target • 20 GW by 2020
– 1.5 GW (2012)
– 6 GW (2017)
– 20 GW (2020)

• Rs. 18/Kwh (2009) – Rs. 6 Kw h (2020) – Rs. 2 
Kw h (2030 , Grid parity with coal)

• Light 3 million house holds by 2030
• CO2 reduction by 42 million tons
• 50 million sq.ft. area for solar thermal power



NATIONAL SOLAR ENERGY MISSION
(Source : Financial Express, August 17, 2009)

System • Statutory Solar Authority
– Finance
– Tariff
– Technology
– Special projects



SOLAR ENERGY  : INDIA

• PV manufacturers : 9; Module manufacturers : 20; Total 
capacity : 700 MW

• Target : 20 GW by 2020
• Global solar cell capacity : 11 gW growing to 25 GW by 

20102010
• 40% capacity in China and Taiwan



SILICON COST FACTORS

• Expensive high purity materials
• Multi-step, high temperature processing
• 30% Material utilization 
• 30% Theoretical efficiency



THE CHALLENGE OF SOLAR CELL FABRICATION

• 10 TW of solar power generation

• 500,000 sq kms

15% efficiency
250 w/sq m

30 year replacement

• 50 sq kms of cells per day

• 2 billion cells ( 15x15 cm) each day

The current method of fabrication  irrelevant for l arge 
scale  deployment



TECHNOLOGY COMPARISON

Silicon Quantum 
Dots

Copper 
Indium 
Gallium 

Diselenide 
(CIGS)

Conventional
Organic 

Polymer Cells

Nano
patterned 

Cells

Efficiency
(%)

12-24 16 11-19 2-5 10-12

Cost
($/Watt)

~4 2.4 4 ~1 ~0.5

Flexibility No No Some Yes Yes

Silicon and QD only commercially available technolo gy







RESEARCH AND TECHNOLOGY FOCUS �

� Silicon Photo Voltaic Cell
� Non-silicon materials for PV Applications
� Dye Sensitized and Quantum Dot Sensitized Solar Cel ls
� New Semi-conducting Materials (Fe/Cu)
� Solar Thermal/  systems � Solar Thermal/  systems 
� New materials & processes for Energy applications
� Solar Energy to Chemical Energy Conversion/ Nanoscale 

Photoelectrochemical Cell (RISE)
� Thermoelectric Conversion (RISE)
� Energy Storage Materials/ Batteries/ supercapcitors / Novel 

approaches to rechargeable batteries (RISE)
� Phase change materials for Energy Storage (RISE)
� Efficient Lighting Systems/ Devices 
� Power Electronics for solar power grid connectivity



RESEARCH AND TECHNOLOGY FOCUS �

Engineered Photovoltaics for Next-generation Solar 
Energy Conversion �
•Solar cell heterostructures involving bandgap contr olled materials
•Nanoscale Photoelectrochemical Cell �
�
Engineered Thermoelectrics for Thermal Energy 

�
Engineered Thermoelectrics for Thermal Energy 
Conversion �
•Nanostructured Materials �
•Bulk Materials �
�
Energy Storage Systems �
•Developing novel approaches to rechargeable batteri es�
•Phase Change Materials for Energy Storage �



Metal Oxides Nanomaterial Films and Hybrid (Nano-Pol y) Films
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ZnO Flowers ZnO Nanorods ZnO CNT nanocomposite

Cu2O nano-assembled 
Spheres

Cu2O Nanoneedles ZnO Hex Nanorods

Nanomaterials of Functional Metal Oxides and Semico nductor QDs made @ NCL

100nm100nm

Rutile TiO2 Needles TiO2-MWCNT TiO2-Nanotubes



100 kWth Prototype Solar Concentrator



No of mirrors: 392
Focal distance: 5.0 m
Frame size:  13 m X 14 m X 14 m
Heat receiver cavity dia:    1.2 m
Optical system:                 Fresnel

14 m

Concentration ratio:       170
Sun tracking: Alt-Azim
Heat collection & Transfer 
fluid: Thermic fluid



PERFORMANCE OF SOLAR CONCENTRATOR

Total no. of operating days 243/yr

Total useful incident energy 1584 kWh/m2/yr

Solar thermal collection efficiency 60% (Instantaneous)

Total projected area of mirrors 167 m2

Total useful incident energy 264  MWh/yrTotal useful incident energy 264  MWh/yr

Total thermal energy output 158  MWh/yr 

Stagnation temp, theoretical 750oC

Working temperature chosen 225oC

Thermic fluid circulation (@ Del T) 1180 kg/hr (100oC)

Thermic fluid for 2 hr storage 2360 kg (100oC)

Furnace oil conserved 15000–20000 litre/yr



Mini FAB for Organic Solar Cells
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Public-Private

ENERGY 
COVERSION

AND STORAGE

� Solar, 
� Thermoelectric  
� Batteries  

Industry
Consortia

���� RISE

Public Private

� Batteries  
� Super-capacitors

Academic Partnership
- University of California
- NUS, Singapore

IOFFE

Techno-Demonstration of 
Solar Concentator PV



WORLD - WIDE AVAILABILITY OF 
AGRICULTURAL RESIDUES

Crop residues : >  2  billion tons 

S.America
Others

4

Wheat straw

An unique Indian advantage ?

Asia
60

N.America

14

14

Europe

48

By Geography

50

Rice straw

Bagasse

Others

21

21

8

By type



AGRICULTURAL RESIDUES : INDIAN PERSPECTIVE

Agricultural 

Ethanol
156 billion liters

40% of India’s
oil demand by 

2012

80% of India’sorAgricultural 
residues
600 mta

(estimates)

Pyrolysis oil
400 mta

Electricity
80,000 MW

80% of India’s
total oil demand 

by 2012

60% of the present
installed capacity

or

or



BIOMASS POWER

• Current capacity : 650 MW biomass power
• Potential: 650 districts with 10 MW biomass 

power plant eachpower plant each
• Viable and sustainable solution
• 10 MW power plant needs an investment of 50-60 

crore (US $ 10 million) and can provide 
employment to 2000 families in cultivation , 
collecting,  transportation and preparation 



A VISION FOR THE FUTURE ?





CLEAN COAL TECHNOLOGY

• India will generate 800 GW of power from coal in 20 30 (50% 
of total)

• India consumes 8% of world total coal consumption ( China 
39%, US 16%)

• India coal reserve 250 billion tons / Extractable p otential = 
50 billion tons

• Global coal consumption slated to increase by 50% b etween 
2006 – 30

• Coal’s share of world’s energy consumption will be • Coal’s share of world’s energy consumption will be 
approximately 30% by 2030

• To maintain 8% GDP growth, India has to increase it s 
primary energy supply by at least 3-4 times

• Even at the most optimistic projections, renewables  will 
contribute 6% of our total energy demand by 2030

• Therefore, superior coal based technologies is a ne cessity 
for India.  1% increase in efficiency in a coal bas ed power 
plant leads to 2% reduction in CO 2.

• Objective : Improved efficiency, better heat and ma terial 
integration, minimize CO 2, carbon sequestration 
technologies; combine energy production with chemic als  













THANK YOU


