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Indian Institute of ScienceIndian Institute of ScienceIndian Institute of ScienceIndian Institute of Science
Established in 1909Established in 1909Established in 1909Established in 1909
Institute of higher education in Institute of higher education in 
science and engineeringscience and engineeringscience and engineeringscience and engineering
More than twenty departments and More than twenty departments and 
centrescentrescentrescentres
Masters program in engineering and Masters program in engineering and 
research degree in science and research degree in science and research degree in science and research degree in science and 
engineeringengineering



Combustion Gasification andCombustion Gasification andCombustion, Gasification and Combustion, Gasification and 
Propulsion LaboratoryPropulsion Laboratory

Part of Aerospace Engineering DeptPart of Aerospace Engineering Dept
–– Involved in aerospace propulsion and Involved in aerospace propulsion and 

combustioncombustion
E i l E i l Experimental Experimental 
ComputationalComputational

Associated with defense organizations  Associated with defense organizations  ––Associated with defense organizations, Associated with defense organizations, 
and other combustion groups,  involved and other combustion groups,  involved 
in the aerospace research programsin the aerospace research programsin the aerospace research programsin the aerospace research programs



Biomass power researchBiomass power researchBiomass power researchBiomass power research
Early 1980’s Early 1980’s -- look into the energy look into the energy Early 1980 s Early 1980 s look into the energy look into the energy 
needs of agricultural sector through needs of agricultural sector through 
the route of gasification as a part of the route of gasification as a part of the route of gasification as a part of the route of gasification as a part of 
activity of ASTRA (Application of activity of ASTRA (Application of 
Science and Technology to Rural Science and Technology to Rural Science and Technology to Rural Science and Technology to Rural 
Areas, a centre at the institute)Areas, a centre at the institute)
Both developmental and basic Both developmental and basic Both developmental and basic Both developmental and basic 
research activityresearch activity



M j t i bi hM j t i bi hMajor events in biomass researchMajor events in biomass research
Biomass gasification activity Biomass gasification activity 1982+1982+Biomass gasification activity Biomass gasification activity –– 1982+1982+
Phase I: Phase I: 
–– 1982 1982 –– 19861986 –– Initial studies on closed top, throat based Initial studies on closed top, throat based 

system close to WW II classsystem close to WW II class
Phase II: Phase II: 
–– 1986 1986 –– 19941994 Open top downdraft reburn system Open top downdraft reburn system –– issues of issues of 

reactor materials and related design being sorted out reactor materials and related design being sorted out 
–– 19941994 –– Major IndoMajor Indo--Swiss test at IISc Swiss test at IISc –– 10 x 10 hrs 10 x 10 hrs ––19941994 Major IndoMajor Indo Swiss test at IISc Swiss test at IISc 10 x 10 hrs 10 x 10 hrs 

external inspection and analysisexternal inspection and analysis
–– 19961996 –– Major IndoMajor Indo--Swiss test in Switzerland Swiss test in Switzerland –– 10 x 10 hrs 10 x 10 hrs ––

analysis in 3 labs,  one from Indiaanalysis in 3 labs,  one from India
–– 1996 1996 –– 20002000 –– Presentations of the science and the results Presentations of the science and the results 1996 1996 20002000 Presentations of the science and the results Presentations of the science and the results 

in conferences and workshops in Banff, Canada, Stuttgart, in conferences and workshops in Banff, Canada, Stuttgart, 
Germany, RIT, Sweden, Riodegeneiro, Brazil, Italy,  Germany, RIT, Sweden, Riodegeneiro, Brazil, Italy,  

Phase IIIPhase III
–– 2002 2002 -- interaction with Engine manufacturersinteraction with Engine manufacturers–– 2002 2002 -- interaction with Engine manufacturersinteraction with Engine manufacturers



Research projects in the area of Research projects in the area of esea c p ojects t e a ea oesea c p ojects t e a ea o
Energy sectorEnergy sector

Over 50 projects have been handled on research Over 50 projects have been handled on research 
and development in the last 5 years (Approx. 40 M and development in the last 5 years (Approx. 40 M 
USD)USD)USD)USD)
–– 19991999 –– Major project of MNES Major project of MNES –– Strategic Development of Strategic Development of 

BioBio--energy (SDB)energy (SDB)
–– 20002000 –– NBRAP NBRAP –– Biomass AtlasBiomass Atlas
–– 2001 2001 –– Major project of MNES Major project of MNES –– Advanced biomass Advanced biomass 

gasification gasification –– high pressure gasifier and gas turbine (with high pressure gasifier and gas turbine (with 
BHEL, IICT, IITM)BHEL, IICT, IITM)

–– 1999 1999 –– Eliminating classical grate concept in favor of screw Eliminating classical grate concept in favor of screw 
extraction of char/ash at the bottomextraction of char/ash at the bottom

–– 20022002 –– Breakthrough in gas cleaning Breakthrough in gas cleaning –– C C nn system system –– chilling chilling 
the gas to < 7the gas to < 7 C leads to a ultra clean gas (<ppb particulateC leads to a ultra clean gas (<ppb particulatethe gas to < 7 the gas to < 7 C leads to a ultra clean gas (<ppb particulate C leads to a ultra clean gas (<ppb particulate 
and tar)and tar)



T h l k d l dT h l k d l dTechnology packages developedTechnology packages developed

Gasification of any biomass to electricity/heat.Gasification of any biomass to electricity/heat.
P k i h l i i /h i d bP k i h l i i /h i d bPackage with electricity/heat + activated carbonPackage with electricity/heat + activated carbon
Gas turbine adaptation to producer gasGas turbine adaptation to producer gas
Precipitated Silica from rice husk/ash/charPrecipitated Silica from rice husk/ash/char
Biogas clean up (of hydrogen sulfide) to Biogas clean up (of hydrogen sulfide) to 

))electricity via reciprocating gas engines)electricity via reciprocating gas engines)



Brief overview of technologiesBrief overview of technologies

Gasification of biomassGasification of biomass
––Conversion of solid fuel to gas though Conversion of solid fuel to gas though 

thermochemical rootthermochemical root
––Use in IC engines for power generation Use in IC engines for power generation 

or thermal applicationsor thermal applications
U  i   t biU  i   t bi––Use in gas turbinesUse in gas turbines

––Byproducts such as activated carbonByproducts such as activated carbon



Other Biomass DevicesOther Biomass DevicesOther Biomass DevicesOther Biomass Devices
StovesStovesStovesStoves
––Powdery and solid biomassPowdery and solid biomass

SemiSemi industrial applications for industrial applications for SemiSemi--industrial applications for industrial applications for 
biomass combustion devicesbiomass combustion devices
DriersDriers
Water heating systemsWater heating systems



Precipitated Silica from rice Precipitated Silica from rice 
husk ashhusk ashhusk ashhusk ash

Rice husk is a widely available agricultural wasteRice husk is a widely available agricultural waste
It i  l l  d   f lIt i  l l  d   f l i  ll l  d i  i  ll l  d i  It is largely used as a fuelIt is largely used as a fuel——in small scale, and in in small scale, and in 
large scale for electrical power generation and large scale for electrical power generation and 
thermal needsthermal needs
Ri  h k t i  20 % h d l  l  Ri  h k t i  20 % h d l  l  Rice husk contains 20 % ash and leaves large Rice husk contains 20 % ash and leaves large 
amount of residue (about 25 %) after it is burnt amount of residue (about 25 %) after it is burnt 
causing a disposal problemcausing a disposal problem
Precipitated silica is a high value product (Rs  40 Precipitated silica is a high value product (Rs  40 Precipitated silica is a high value product (Rs. 40 Precipitated silica is a high value product (Rs. 40 
per kg) having applications in rubber, cosmetics, per kg) having applications in rubber, cosmetics, 
tooth paste and many other industriestooth paste and many other industries
Production of precipitated silica from rice husk thus Production of precipitated silica from rice husk thus Production of precipitated silica from rice husk thus Production of precipitated silica from rice husk thus 
solves the disposal problem ash and provides solves the disposal problem ash and provides 
additional revenue streamadditional revenue stream
Production cost about Rs  26 per kgProduction cost about Rs  26 per kgProduction cost about Rs. 26 per kgProduction cost about Rs. 26 per kg



Precipitated silicaPrecipitated silica processprocessPrecipitated silica Precipitated silica -- processprocess
All operations at All operations at All operations at All operations at 
low temperature low temperature 
(<100(<100ºC)ºC)(<100(<100 C)C)
Recycling of all Recycling of all 
chemicals used in chemicals used in chemicals used in chemicals used in 
the processthe process
Ability to control Ability to control yy
the properties of the properties of 
the final productthe final product



Sweetening of BiogasSweetening of BiogasSweetening of BiogasSweetening of Biogas
Biogas is a product of anaerobic biological Biogas is a product of anaerobic biological g p gg p g
degradation of biomass degradation of biomass 
It consists of methane (50 It consists of methane (50 –– 70 %) and 70 %) and 
carbon dioxidecarbon dioxidecarbon dioxidecarbon dioxide
Biogas from industrial effluents, sewerage Biogas from industrial effluents, sewerage 
treatment plants, etc also contains treatment plants, etc also contains 
h d  l hid  hi hh d  l hid  hi hhydrogen sulphide, whichhydrogen sulphide, which
–– Is toxic and corrosiveIs toxic and corrosive
–– On burning releases SOOn burning releases SO22 to atmosphereto atmospheregg 22 pp
–– Makes biogas unsuitable to be used in IC Makes biogas unsuitable to be used in IC 

enginesengines



The processThe processThe processThe process
Converting H2S to solid sulphur through a Converting H2S to solid sulphur through a Converting H2S to solid sulphur through a Converting H2S to solid sulphur through a 
redox processredox process

22FeFe33++ ++ SS22-- 22FeFe22++ ++ SS
44FeFe22++ ++ OO22-- 44FeFe33++ ++ HH22OO

Two stage counter current operation for Two stage counter current operation for 
absorptionabsorptionabsorptionabsorption
Filtration of the sulfur generatedFiltration of the sulfur generated
O id ti  f th  f  i  i  th  O id ti  f th  f  i  i  th  Oxidation of the ferrous ions in the Oxidation of the ferrous ions in the 
regeneratorregenerator



Features of the processFeatures of the processFeatures of the processFeatures of the process
HH22SS isis convertedconverted intointo
elementalelemental sulfursulfur whichwhichelementalelemental sulfur,sulfur, whichwhich
hashas commercialcommercial valuevalue..
LowLow HH22SS concentrationconcentration atat
thethe outletoutlet (<(<1010 ppm)ppm)..
ProcessProcess worksworks atat ambientambient
temperaturetemperature withwith easyeasy
startstart upup andand shutshut downdown
procedureprocedure..pp
CapableCapable ofof handlinghandling
fluctuationsfluctuations inin gasgas flowflow
ratesrates andand HH22SS
percentagespercentagespercentagespercentages..
LowLow runningrunning costscosts ofof RsRs..
00..5050/kWh/kWh (at(at 33 %% HH22S)S) asas
scrubbingscrubbing solutionsolution isis
completelycompletely regeneratedregeneratedcompletelycompletely regeneratedregenerated



SummarySummarySummarySummary
CGPL has developed several biomass to CGPL has developed several biomass to CGPL has developed several biomass to CGPL has developed several biomass to 
energy technologies and byproduct energy technologies and byproduct 
utilization related to these technologiesutilization related to these technologies
Industrialization/ commercialization of the Industrialization/ commercialization of the 
technologies developed has been a major technologies developed has been a major 
thrustthrust

Thank you


