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• ItIt waswas calculatedcalculated thatthat applicationapplication ofof thethe heatheat--generatinggenerating
bioresiduesbioresidues annuallyannually formedformed inin UkraineUkraine shouldshould savesave 55..7878 mlnmln tt
ofof coalcoal..

•• TheThe totaltotal balancebalance ofof СОСО22 emissionsemissions toto thethe environmentenvironment willwill bebe
reducedreduced.. TheThe limitedlimited availabilityavailability inin UkraineUkraine ofof biomassbiomass--firedfired
heatingheating boilersboilers andand stovesstoves hindershinders promptprompt realizationrealization ofof thisthis

SummarySummary

heatingheating boilersboilers andand stovesstoves hindershinders promptprompt realizationrealization ofof thisthis
optionoption favorablefavorable forfor environmentenvironment..

•• WeWe proposepropose toto taketake advantageadvantage ofof pyrometallurgicalpyrometallurgical
equipmentequipment thatthat efficientlyefficiently operatesoperates inin UkraineUkraine..

•• TThermoanalyticalhermoanalytical measurementsmeasurements (DTA/TG)(DTA/TG) ofof bioresiduesbioresidues waswas
mademade forfor determinationdetermination ofof theirtheir behaviorbehavior duringduring
pyrometallurgicalpyrometallurgical processesprocesses



O b j e c t i v eO b j e c t i v e
PromotePromote thethe useuse ofof diversediverse andand sustainablesustainable energyenergy biobio--resourcesresources

inin metallurgy,metallurgy, displacingdisplacing fossilfossil fuelsfuels asas muchmuch asas possiblepossible byby

developmentdevelopment ofof pyrometallurgicalpyrometallurgical technologiestechnologies

Its visionIts vision
Partial replacement of the traditional solid fossil fuel by agriculture and Partial replacement of the traditional solid fossil fuel by agriculture and 
forestry residues that forestry residues that forestry residues that forestry residues that 

�� produces high quality steels and ferroalloys with lower content of      produces high quality steels and ferroalloys with lower content of      
sulphur, phosphorus, boron;sulphur, phosphorus, boron;

�� reduces dependence of metallurgy on expansive and scarce coke and reduces dependence of metallurgy on expansive and scarce coke and 
anthracite;anthracite;

�� provides reduced greenhouse gas emissions; provides reduced greenhouse gas emissions; 

�� creates economic advantagescreates economic advantages



Potential of Ukraine inPotential of Ukraine in basicbasic
agricultural agricultural crop and forestry residues crop and forestry residues 

as biofuelas biofuel
ResiduesResidues Annual Annual 

amount of amount of 
generated generated 
residues, mln. tresidues, mln. t

Net calorificNet calorific
value (kJ/kg) value (kJ/kg) 

Potential for Potential for 
replacement ofreplacement of
coal by the coal by the 
residues, mln. t residues, mln. t 

Straws of cereal cropsStraws of cereal crops 66..1717 1050010500 22..2121

Stems of maizeStems of maize 2.792.79 1250012500 11..1919

Sunflower seed husksSunflower seed husks 0.660.66 1600016000 0.360.36

Forestry Forestry felling residues, felling residues, 
thinned, thinned, wood  and wood  and 
wood processing wastewood processing waste

4.294.29 1380013800 22..0202



The practical application has showed The practical application has showed 
several positive featuresseveral positive features

• Availability of equipment that operates at elevated
temperatures.

• Very often the solid biofuel is free of some admixtures those are 
detrimental in the produced metals and alloys.  detrimental in the produced metals and alloys.  

• Sufficient number of workers involved in the current production 
process may distribute evenly their new duties connected with 
additional manual operations those may arise. 

• Generation during combustion of residual char. It takes 
important part in the reduction pyrometallurgical processes and 
may replace some expensive and scarce reductants. 



Forestry residues in ferrosilicon and 
silicon production

The greatest problem in usage of the solid The greatest problem in usage of the solid 
residues is larger content of combustible residues is larger content of combustible 
volatiles. volatiles. 

76.4% of volatiles are present in sunflower 76.4% of volatiles are present in sunflower 
huskshusks

)

huskshusks

The method of solid biofuel introduction The method of solid biofuel introduction 
into the charge is critical for getting highest into the charge is critical for getting highest 
possible utilization of heat generated during possible utilization of heat generated during 
its combustion.its combustion.

It has been found out that among optimal It has been found out that among optimal 
processes is 65% ferrosilicon production processes is 65% ferrosilicon production in in 
a sealed submerged arc furnace 22.5 MVA.a sealed submerged arc furnace 22.5 MVA.

IncreaseIncrease ofof electricelectric supportsupport ofof thethe
chargecharge andand correspondentcorrespondent
facilitationfacilitation ofof aa meltingmelting operationoperation



Rice hulls in steelmaking productionRice hulls in steelmaking production
Content of admixtures in rice hulls of different originsContent of admixtures in rice hulls of different origins

Al B Ca Fe Mg Mn Na P Ti Cu Zn

Ukraine,
Kherson 

0.0009 0.0004 - 0.02 0.0001 0.01 0.002 0.0008 0.00001 0.0005 0.00001
Kherson 
oblast

Russia,
Kuban

0.02 0.001 0.04 0.09 0.3 0.15 0.02 Traces 0.002 0.002 -

TheThe annualannual amountamount ofof thethe ricerice hullshulls generatedgenerated inin UkraineUkraine isis aboutabout 100100,,000000
tonstons.. ThisThis isis quitquit enoughenough toto supplysupply thethe domesticdomestic steelmakingsteelmaking byby thethe highhigh
puritypurity exothermicexothermic insulatorinsulator.. ItIt isis mostlymostly usedused forfor insulationinsulation forfor severalseveral hourshours
ofof steelsteel ladlesladles upup toto 350350 tonstons inin basicbasic oxygenoxygen steelmakingsteelmaking plantsplants andand upup toto
120120 tonstons inin continuouscontinuous castingcasting processprocess



Thermogravimetric curves of woody saw dust  and sunflower 
seed husks  upon the inert ambient 
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ConclusionsConclusions
� The great number of the heat-generating biomass residues is formed in our
country.

� About 10% of coal annually mined in Ukraine should be replaced by the
residues.

� The easiest way of realization of this option is replacement of fossil fuel in
pyrometallurgical processes those run at the high temperature installations.pyrometallurgical processes those run at the high temperature installations.
The forestry residues can efficiently substitute for coke at ferrosilicon and
metallurgical grade silicon production in electric furnaces.

� The produced metal has lower phosphorus content. They are used during
metal keeping for several hours in steel ladles during basic oxygen steelmaking
and continuous casting processes. The heat generation during smouldering of
the hulls takes place in this procedure. This effect reduces consumption of
natural gas.
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