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ABSTRACT

The iron and steel sector is one of the largestggpeonsuming manufacturing sectors in the wondlia was
the fifth largest producer of steel and hence hgseater importance in this iron and steel indudyergy conservation
techniques in iron and steel industry are a maéa arf research today. Developments in Iron andl 8tdestry are still
in basic level. Any improvements in this field aery important. System dynamic analysis is a stétapproach to model
a complex problem involving multiple decision makintechnological limitations etc. A system dynamiwdel
is presented in this paper to analyse steel denmnduction, consumption and mitigation of £i@ an integrated frame
work. “POWERSIM” software was utilized for the sgst dynamic analysis of this study. Through systgmacdhic
modelling the energy consumption in steel industryestimated under various steel production scesand various
energy conservation techniques can applied arfdattback can be obtained. Finally, the model wagified and applied
to the projection of steel production and assodi&@€, emissions in India up to 2031 starting from 20%1lbase year.
This modified model was run under three scenarsegh as baseline scenario, scenario- 1(S1) andarsocet(S2).

Energy efficient scenario was also incorporatethéhmodel to estimate the future £€missions reduction.
KEYWORDS: CO,, Emission, POWERSIM, Steel Production, System DyinaModel
INTRODUCTION

Steel, aluminium, cement are the largest consumieec®mmercial energy compared to other industriaitars.
Steel, cement and aluminium are the main industtieich are the key drivers of industrial growthlidia, like other
economies in transition. Most of other industries laeavily dependent on these industries for supphaw materials and
other intermediate goods. Fuelled by growing demdnd construction and manufacturing sector, Irtia experienced
a sharp rise in the demand for steel, aluminiumaardent over the years. Iron and steel are the omaistituents of many
products used in everyday life. Crude steel is usatiake semi-finished and finished products destifor the consumer

market or as inputs for further processing.

The iron and steel industry used to be an impoitantce of air pollution and waste. However thelsiedustry
has improved its environmental performance sigaifity during the last 50 years. The emission obeardioxide (CQ)
is probably the most important remaining environtakproblem. The iron and steel sector accountsafmout 19%
of global final energy use, about a quarter of @il@O, emissions from the industry sector, and roughly &%global
GHG emissions, mainly CQOECD, IEA, 2007).Semi-finished products includeedtshapes (blooms, billets or slabs)
that are later rolled into finished products sushbaams, bars or sheet. Finished products arevédidiinto two basic
types: flat and long products. There are more 8)&00 different grades of steel with many differprdaperties — physical,

chemical and environmental. Alloyed steels, whichk aometimes also called special steels and magohsidered
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specialty products, contain small portions of algyelements such as chromium, cobalt, manganedghdenum, nickel,
niobium, silicon, tungsten or vanadium. They areduim special applications, particularly those iggg high strength or

corrosion resistance.
SYSTEM DYNAMICS MODEL FOR IRON AND STEEL SECTOR

In a system dynamics model, the simulations arergigdly time-step simulations. The model takesuanber
of simulation steps along the time axis [9]. Thenaiypics of the system are represented by dN(t)/ditkMhich has
a solution N(t)=Nexpt(kt). Here, Nis the initial value of the system variable, laisate constant (which affects the state
of the system) and t is the simulation time. Far fimulations to start for the first time, initiehlues of the system

variables are needed.
Flow Diagram

A software package “Powersim Studio 7", availalie $ystem dynamics analysis has been used in gerglo
the model for forecasting GGmissions. The flow diagram shown in the Figuris Liseful for showing the physical
and information flow in the system dynamic model fBteel industries in India. The level variableg @hown
as rectangular boxes which represent accumulateds fto that level. A double arrow represents thgsal flows,
and the flow is controlled by a flow rate. Sourewl @ink of the structure are represented by a cldbé cloud symbol
indicates infinity and marks the boundary of thededo A flow diagram is useful for showing the proaiand information
flows in the SD model. The level variables are sh@g rectangular boxes which represent accumufades to that
level. A double arrow represents the physical floarsd the flow is controlled by a flow rate. A dimdine is for showing
information flow. Source and sink of the structume represented by a cloud. The cloud symbol itescanfinity

and marks the boundary of the model.

Once the simulation is over, at the end of each, sgstem variables are brought up to date foresgmting
the results from the previous simulation step. fidie variables are represented by valves. Therirdtion from the level
variables to the rate variables is transformed biiad variable called the auxiliary variable, repented by circles.
The diamonds represent constants, which do not gy the run period of simulation. A constant éided by an initial
value throughout the simulation. To avoid messimqg and criss-crossing in the diagram the variabkgseated in

the diagram are represented in the form of snapsh@bles.

The proposed system dynamic model is composed ik sub systems, steel demand module, production
module considering capacity expansion, energy aopon module and the G@mission module. The paper covers the

following important issues which are elaboratethia proposed model:
* The impact of population and GDP on steel demaridtime
* The structure energy consumption under variousuyariohs.
e Analysis of energy savings achieved by possiblertelogy changes in the steel industry.

* Analysis of the C@emission and electricity generation need by thel stelustry.
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The Proposed System Dynamic Model for Iron and Stééndustry
In each substems, stock and flow diagram has beegiapbed and feed backs among subsytem are prdsente
Steel Demand

Final steel demand surges with population and pita steel demand.Per capita steel demand in&rdase

percapita GDP growth. The structure of steel denisuptlesented in Figure 1. Final crude steel prodncan be obtained

Q>>

O population growth

population growth
rate

from final domestic steel demand.

population

5 = D)

R CAPITA STEEL DEMAND IN steel de nd rate
INDIA
Domestic final s

demand yrs

GDP Growth rate

Figure 1: Final Steel Demand Stock and Flow Diagram
Total Thermal and Electric Energy Consumption

From the various steel production methods totaklSteemand the total Steel production can be ohdaine
by considering steel import and steel export. Fthentotal steel production of various productionttmes can be found
out namely, Blast oxygen furnace (BOF), Electric &rrnace (EAF) and Direct reduction iron (DRI). limdian steel
industries 45% of production is through BOF,24%HE#F, 31% through DRI [6].India was the highest proer of sponge
iron have imminent capability of producing steel BRI method.So in future by utilising the DRI methodia can
achieve much higher productivity with lesser effentthe environment. Presently, in India, EAF baseistries are yet
to switch over to induction furnace route. An intioie furnace is an electrical furnace in which hisagenerated through
electromagnetic induction in an electrically contiltee medium. Induction furnaces use steel meltiogyss,sponge iron
and pig iron/cast iron. On an averagethe propomibthese items is 40% sponge iron + 10% cast aopig iron and
the remaining is steel melting scraps. Inductiomdige has capability to operate on a charge up% BRI(sponge iron).
There are 1,114 induction furnaces with an aggesgapacity of 24.40 million tonnes. These unitsortgally produced
about 22.07 million tonnes steel in 2010-11 as regjproduction of 19.83 million tonnes in 2009-10. this paper

a scenario with higher proportion of DRI method & analysed
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Figure 2: Total Thermal and Electric Energy Consumgion Stock and Flow Diagram

Total CO,Emission

The total CQ emission can be analysed from the share of diffesteel production methods. The £émission
due to BOF is 2.10 tonnes/tonnes of carbon ste@), €inission from EAF is 1.18 10 tonnes/tonnes of @arkteel and
CO, emission from DRI is 3.45 10 tonnes/tonnes of earkteel for coal based and 1.57 10 tonnes/tonfhearbon steel
for gas based [1]. From the obtained data the émigerecast can be done using POWERSIM. From #ta dbtained
it was concluded that the emission from BOF andeiméssion from coal based DRI is at higher rate gar@d to other
production methods. It may be due to the reasdrigifer utilisation of coal as fuel. Proper allooatiof these production

processes can be utilised to mitigate emissiorl.leve
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Figure 3: Total CO,Emission Stock and Flow Diagram
Model Validation

The values obtained from the models created wega thalidated using the historic data of steel petida.
From the data collection, it was found that thaltsteel production in the steel industries in yiear 2001 was 29.27
million tonnes (from annual reports of ministry siEel) and the per capita steel demand was 29.8TKg.above value
is taken as the initial value for the projectiotwihe base year 2001 and the model estimatesstagilction and the per

capita steel demand for the period 2001 to 201% fodel results give good agreement with the actahles as in
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Figure 4 and figure 5. Points representing theaend model values of steel production show amalhi@creasing trend.
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Figure 4: Comparison of the Quantity of Steel Prodation with Model Projection
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Figure 5: Comparison of the Per Capita Steel Demandiith Model Projection
RESULTS AND DISCUSSIONS

The results of different scenarios of £@®missions from the steel industries in India aiscuksed here.

Trends are evaluated for a span of 20 years gjdridm the year 2011
Base Line Scenario

The rate of population growth and GDP as applicabldhe year 2011 were kept as same as the actteabnd
it was assumed that the population growth rate vélldipped to 1.1% after 2017 from 1.3% as on 2 GDP growth
rate was taken as 8 % and was given a hike to 818yafter 2017. The technology employed in makimg steel was kept
unaltered. Using these options India’s populat®prbjected to reach 1528.52 million by the ye&8120rhe steel demand
is shown in the Figure 6. The steel demand praojefiie the year 2030 by the model is 367.6 millionries and this is
comparable to that of National energy map for Irfdi4] (387 million tonnes in 2030) and by 15th Gdbliron ore and
steel forecast [7] (374 million tonnes in 2030).eTtotal thermal energy consumption by various pectida methods
predicted for the year 2031 are shown in Figur@he thermal energy consumption predicted by thislehan 2030
(6047x106°J) is also comparable with TengfangXu [5] (6000%1@®n 2030). The thermal energy consumption for BOF
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method is 4491.5 million GJ, whereas for EAF andl @Re 119.85 million GJ and 4821.727 million GJpexstively.
The total thermal energy consumption was preditbeckach a value of 6603 million GJ at the end @22 (Figure 8).
The total CQ emission are estimated to reach 1004.12 milliomés by 2031 (Figure 9). This value is comparabléat
of Saptarshi Mukherjee [11] (1070 million tonnes@®, emission on 2031). The total electrical energy measlicted to
reach 182735million KWhr (Figure 7).

Steel Demand [MT)

Figure 6: Projections for Domestic Steel Demand dhdia under the Baseline Scenario (BS)
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Figure 7: Projections for Electric Energy Consumpton in Indian Steel Industries under the Baseline Smario (BS)
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Figure 8: Projections for Total Thermal Energy Conaimption of India under the Baseline Scenario (BS)
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Figure 9: Projections for Total CO, Emission under the Baseline Scenario (BS)

Revised Scenario

The demand and production of steel is very muctedéed on population growth rate. The amount of, CO
emission, electric energy consumption and thermaigy consumption were depended on steel demamd.eHme of the
CO, mitigation opportunities is to regulate the popiolatgrowth rate. Hence the effect of €8mission are analysed in
two modified scenario, Scenario-1 (S1) and Scern@&@®). In Scenario 1 the population was assumeedoh saturation
by the year 2025 and in scenario-2, a faster dedfirpopulation growth rate was analysed, wherggtbevth rate reaches
zero value by the year 2017.

Scenario-1 shows that the Indian population woegldch 1429 million in the year 2031. The domestaelst
demand for the year 2031 will be 375.53 millionrtes, a reduction of 6.37% from base line scendri® electric
consumption and thermal energy consumption forekeired amount of steel production will be 1716884million KWhr
and 6182 million GJ respectively. The thermal epetgnsumption forecasted in scenario-1 was showFRigure 1.
The amount of C@®emission on 2031 for scenario-1 was 940.105 miltannes (Figure 13). In scenario-2 the population
was assumed to reach saturation point (zero groatd) by the year 2017. In this case a fasterramttant of population
was applied. The steel demand for the year 203lisnscenario was 343.956 million tonnes (Figure The electric and
thermal energy consumption will be 156697 milliodvKr and 5662.3million GJ respectively. The £€nission in 2031
forecasted was 861.05 million tonnes. The emislgivels are reduced to 14.23% from baseline scenario
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Figure 10: Projections for Population for the Basehe Scenario (BS), Scenario-1 (S1) and Scenario-22)
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Figure 11: Projections for Domestic Steel Demand fdhe Baseline Scenario (BS), Scenario-1 (S1)
and Scenario-2 (S2)
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Figure 12: Projections for Thermal Energy Consumpton for the Baseline Scenario (BS), Scenario-1 (Sd)d
Scenario-2 (S2)
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Figure 13: Projections for CO, Emission for the Baseline Scenario (BS), Scenarib(S1) and Scenario-2 (S2)
Energy Efficient Scenario

An energy efficient scenario was also analyzedhenctreated system dynamic model. In this scenaribermal

energy recovery of 35 % was assumed compared toiB@%se ine scenario. The share of steel productiethods are
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also altered for the efficient usage of energy. $hare of BOF was taken as 45% (38.8% in basestimaario), share of
EAF was taken as 20% (13.3% in base line scenand)share of DRI was taken as 35% (48% in basestiapario) [17].
Figure 14 shows the reduction in €@mission on different scenario when the energigiefft scenario is applied.The
emission on 2031 was reduced to 942.71 million égninom 1004.12 in base line scenario.For sceradod scenario-2
the emission level was reduced from 940.105millionnnes to 882.62 million tonnesand 861.05milli@mnes to
808.401million tonnnes respectively. A reduction508% in thermal energy consumption canbe achievebése line
scenario and a reduction of 12.1% in thermal eneaysumption will be obtained for scenario-1 andnseio-2. CQ

emiison on energy efficient scenario was found vehareduction of 6.1% compared with the basedaenario.

Reduction in CO_ emission on various scenanos with energy efficient scenarnio
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Figure 14: Projections for CO, Emission (Million Tonnes) for the Baseline Scenani (BS), Scenario-1 (S1) and

Scenario-2 (S2) Compared with Energy Efficient Sceario on 2031
CONCLUSIONS

A base model for the projection of @@misission and energy consumption in indian steklistries for 20 years
from 2011 was developed. The total £énission for the year 2031 was found to be 367lkomtonnes and the total
electric and thermal energy consumption wa founoetd 82735 million KWhr and 6047 million GJ respesty.

The base model was then altered by providing ntibgastratergies for reduction of G@mission. The emsission
from the steel industries was depended on populatiowth rate. Models are created with varying gafon growth rate.
From the analysis it was found that a combined agerwith population stabilization by the year 2038% heat recovery
and proper allocation of share for the various potidn proceses (BOF,EAF and DRI) the emission lmameduced by
19.4% after 20 years.
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