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CNC Cement nominal capacity Million ton
CPCG Cement production capacity growth Million ton/Year
CPCGR Cement production capacity growth rate 1/Year
DR Depreciation rate Million ton/Year
CCU Cement capacity utilization Dmnl
CP Cement production Million ton
AOPCP The amount of OPC production Million ton
APPCP The amount of PPC production Million ton
APSCP The amount of PSC production Million ton
OPCSCP OPC share in cement production Dmnl
PPCSCP PPC share in cement production Dmnl
PSCSCP PSC share in cement production Dmnl
CROPC Clinker ratio in OPC Dmnl
CRPPC Clinker ratio in PPC Dmnl
CRPSC Clinker ratio in PSC Dmnl
CUOPC Clinker used in OPC Million ton
CUPPC Clinker used in PPC Million ton
CUPSC Clinker used in PSC Million ton
CUCP Clinker used in cement production Million ton
ERPC Electricity requirement for producing a ton of cement kWh/ton
TEC Total electricity consumption Million kWh
APREPG Average proportion of renewable energy in power generation Dmnl
REPG Renewable energy power generation Million kWh
FBFPG Fossil-based fuel in power generation Million kWh
APFFPG Average proportion of fossil fuel in power generation Dmnl
TERPC Thermal energy requirement for producing a ton of clinker kcal/Ton
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TTEC Total thermal energy consumption Million kcal
SOTE The share of oil in thermal energy Million kcal
SNGTE The share of natural gas in thermal energy Million kcal
APNGTE Average proportion of natural gas in thermal energy Dmnl
ESWHRF Electricity saving from waste heat recovery in one factory Million kWh
NCF The number of cement factory Dmnl
SRDF Share of RDF Dmnl
HVRDF The heat value of RDF kcal/ton
RDFC RDF consumption Million ton RDF
STDF Share of TDF Dmnl
HVTDF The heat value of TDF kcal/ton
TDFC TDF consumption Million ton TDF
HVNG The heat value of natural gas kcal/cubic meters
HVO The heat value of ail kcal/Liter
NGC Natural gas consumption Million cubic meters
ocC Oil consumption Million Liter
SAF The share of alternative fuel Dmnl
SCS The share of clinker substituation Dmnl
CO,EPKWH CO;, emission per kWh Ton/kWh
CO,EEC CO, emission from electricity consumption Million ton
CO,EPKcalO CO, emission per kcal oil Ton/Kcal
CO,EOC CO; emission from oil consumption Million ton
CO,EPKcal NG CO, emission per kcal natural gas Ton/Kcal
CO,ENGC CO; emission from natural gas consumption Million ton
COzEFF CO; emission from fossil fuel Million ton
CO,ETEC CO; emission from thermal energy consumption Million ton
CO,EC CO; emission from calcination Dmnl
CO,ECP CO, emission from clinker production Million ton
CO,ERDF CO; emission from RDF Ton CO,/Ton RDF
CO,ETDF CO; emission from TDF Ton CO,/Ton RDF
TCOE Total CO, emission Million ton
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!4 Ordinary Portland Cement (OPC)
15 Portland Pozzolana Cement (PPC)
16 Portland Slag Cement (PSC)
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Cement Production Depreciation Rate
OPC Share in Capacity Growth -— Cement Capacity
Cement Production Cerment Utilization
The Amount of OPC Production PSC Share in

Production '/ \ / Cement Production
A\
pPC Sham The Amount of PSC

Cement Production The Amount of PPC Production Clinker Ratio in
Production PSC

Clinker Ratio in
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OPC PRC Clinker Used in
Clinker Used in
PSC
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Clinker Used in
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CNC = j(CPCG —DR) ")
CPCG =CNC *CPCGR M)
CP =CNC*CCU D)
AOPCP =CP*OPCSCP (%)
APPCP =CP *PPCSCP (®)
APSCP = CP*PSCSCP ()
CUOPC = AOPCP *CROPC )
CUPPC = APPCP *CRPPC N
CUPSC = APSCP *CRPSC %)
CUCP =CUOPC +CUPPC +CUPSC )
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mission Oil Consumption Total Thermal Energy
Renewable Energy per kWh c i
<Cement Power Generation onsumpten
Production> & Y . N
Total Electricity v The Share of Oilin <Time>
Consumption — o CO2 Emission from Thermal Energy
Fossil-Based Fuelin __y, Electricity Consumption .
Power Generation CO2 Emission per Average Proportion of The Heat Value of
4 keal Oil Natural (E3as in Thermal Natural Gas
nert
) ) Total CO2 v The Share of Natural
Average Proportion of Fossil Emission CO2 Emission from Gas in Thermal Energy
Fuel in Power Generation Thermal Energy
CO2 Emission from Consumption  CO2 Emission from Natural Gas
Clinker Production Oil Consumption CO2 Emission from :
- Consumption
<Clinker Used in —v Natural Gas Consumption
Cement Production> CO2 Emission from CO2 Emission per
CO2 Emission from Fossil Fuel kcal Natural Gas
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TEC = CP*ERPC OY)
REPG =TEC * APREPG )
FBFPG = TEC * APFFPG 0"
CO2EEC = CO2EPKWH * FBFPG (%)
CO2ECP = CUCP *CO2EC )
TTEC =TERPC *CUCP )
SOTE = TTEC *(1— APNGTE) OV)
SNGTE =TTEC * APNGTE )
NGC = HVNG * SNGTE )
OC = HVO*SOTE (Y1)
CO2EOC = SOTE *CO2EPKcalO (YY)
CO2ENGC = SNGTE *CO2EPKcalNG (YY)
CO2EFF = CO2EOC + CO2ENGC (Y7
CO2ETEC = CO2EFF (V%)
TCO2E = CO2EEC +CO2ETEC + CO2ECP (Yo)
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'8 Organic Rankine Cycle
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per kwh The Heat value
‘ <Clinker Used in of TDF
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Waste Heat Recovery in CO2 Emission CO2 Emission Alternative Fuel
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<Time>
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Policy Making in Cement Industry for Mitigation of Energy Consumption
and CO2 Emission Using System Dynamics Approach
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Abstract

Today, energy access is one of the most challanging issues in the world. Due to limitation of energy
resources and the rapid rise of energy carriers' tariffs in Iran, identifying the methods and the
strategies for energy management in energy intensive industries such as cement is imperative. In
this regard, this paper evaluates the opportunities for reducing energy consumption and COz emission
in the cement industr. A system dynamics model is developed under three energy efficient
technologies (clinker substitution, alternative fuels and waste heat recovery) over a period of 20
years. The simulation results indicate that utilizing clinker substitution in producing cement, could
potentially lead to reductions of 15% and 13%, respectively in energy consumption and CO:
emission. Hence, it can be considered as one of the most influential policies in energy management
to achieve sustainable cement production.

Keywords: cement industry, energy efficiency technologies, system dynamics, sustainable
development
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