
 
Figure 1. System bounderies in the investigation 
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Abstract 

The sinter plant at Ruukki’s Raahe integrated steelworks was recently closed and the blast furnace ferrous burden 

changed from 70:30 sinter/pellet ratio to 100% pellets. The energy and emissions for the system change from iron ore 

mining to hot-rolled coil production has been investigated based on industrial data. The results show that despite a 

three-fold increase in energy at the mine site related to increased proportion of pellets there are greater savings at the 

integrated steelmaking site which lead to an overall decrease in energy consumption of 7%. CO2 emissions are reduced 

8 to 11% (depending on various assumptions), SO2 emissions reduced by nearly 70% while NOx emissions were not 

affected. The improvement in energy efficiency is mainly attributable the pelletizing and briquetting processes replacing 

inefficient sintering. 

 

1. Introduction 

Integrated steelmaking is an energy-intensive production route which accounts for about 7% of the world’s 

anthropogenic CO2 emissions.
1
 With the ever-increasing focus on reducing CO2 emissions and improving energy 

efficiency it is important to consider overall system effects of making changes to ensure that improvements in one 

process does not lead to greater inefficiencies elsewhere in the system. One of the significant changes that has occurred 

in the Nordic countries over the past decades is closure of sinter plants which are replacement with pellets and 

briquetting plants. This system from mine to steel is the subject of this investigation.  

In December 2011 the sinter plant at Ruukki’s Raahe steelworks in Finland was closed down. From this time on the 

two blast furnaces have been based on 100% pellet burdens. Initial trials and operating results of the switch to 100% 

pellet burden at the integrated steelplant have been described earlier.
2,3,4

 The sinter plant had recycled numerous 

by-products produced inside the steel plant. A cold-bonded briquetting plant was therefore introduced to recycle 

by-products. 

The main iron ore feed material in the sinter plant was magnetite sinter fines from the LKAB mine in Malmberget, 

Sweden. The sinter was used together with pellets mainly supplied from LKAB. The ore to produce sinter fines and 

pellets is from the same underground mine. The total system energy consumption and environmental issues can be 

compared for the two burden structures: the sinter/pellet burden and the pellet/briquette burden  

 

2. Experimental  

The purpose with this investigation was to see the effects of changes in energy use, CO2, NOx and SO2 emissions 

from the mining through to hot-rolled coil production. There are changes in mineral processing of the ore, 

agglomeration, blast furnace and steelplant gas balance at the two physical sites. The calculated performance is made on 

a per tonne liquid steel basis (t LS). Careful consideration of the system boundaries has been made and the two sites 

combined for overall system analysis from mine to steel. The role of key by-products, in particular granulated BF slag 

used in cement production, are discussed. Emissions from imported electricity have been considered in the analysis. 

Figure 1 illustrates the system considered. 



 
Figure 2: Process units pelletizing processes  

 2.1 Operational periods  

Two periods were chosen for comparison:  

- Period 1: 70% sinter and 30% pellet burden from March to May 2011  

- Period 2: 100% pellets plus briquettes from March to May 2012   

Operational data was supplied by LKAB and Ruukki for the two periods. 

 

2.1.1Data in the iron ore system 

In order to show the impact of the change from sinter to pellets, the industrial data had to be reconciled to take into 

consideration other operating conditions which affect the periods but are not related to closure of the sinter plant. 

Therefore annual data of the electricity consumption was applied and then allocated with the energy difference for fines 

production and pellet production determined based on industrial data. Pellet plant fuel consumptions were averaged for 

both periods. The major energy consumption increase between fines and pellets is in grinding to pellet feed and pellet 

plant energy consumption.  

This fixes the energy consumption for sinter fines in Period 1 and the energy consumption for pellets to the same 

level (per tonne pellet) for both Periods.  

 

2.1.2 Data in steel plant system 

Within the Ruukki system, the total electrical consumption changed between periods due to a change in BF gas 

cleaning system, therefore the electricity consumption was set to the later period which reflects the current situation. Oil 

injection rate and oxygen rate was lowered in the second period for economic reasons not related to sinter or pellets. It 

is difficult to compensate exactly for these, therefore in the first instance the industrial data is applied directly, and 

sensitivity to the differences in operation considered. 

 

2.1.3 Adjustments for on-site electricity production 

The supplemental oil rate to the power plant and overall power plant efficiency were fixed at the same level for both 

periods. Process gas energy to the power plant (mainly BFG) was taken from the industrial data for each period. The 

electricity balance is considered in the discussion. 

 

2.2 Iron ore production system 

The reference system for sinter fines and pellet production consists of the LKAB Malmberget mining and upgrading 

system to sinter fines and blast furnace pellets. The system was considered as a whole not to be effected by the change 

from sinter to pellets in Raahe. However because of the relative big difference in upgrading sinter fines compared to 

pellets, penalties have been calculated on electricity, fuels, CO2, SO2 and NOx. These penalties are carried through with 

each product into the steel production system. Figure 2 illustrates the main process units in the iron ore production chain. 

Electricity in the mine stands for about 25% of total electricity consumption, beneficiation for about 35% and 

pelletizing plants for about 27%. The rest (13%) includes heating, compressed air, building electricity etc. has been 

weighted to each product. Diesel fuel for trucks, loaders and heating oil were excluded from the evaluation but would 

have remained the same (6-7% of total fuel in the iron ore system, calculated from LKAB statistics
5
) for both periods.  

 

2.2.1 Mining  

The mining at LKAB Malmberget facilities consists of several underground ore bodies. About 95% of the ore is 

magnetite and 5% is hematite. The ore is loaded on trucks, crushed and skipped to the surface. The major energy 

consumers are crushing, haulage, ventilation, and water pumps which stand for about 70% of the energy consumption in 

the mine.  
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2.2.2 Beneficiation 

The beneficiation units consist of sorting ore from the mine and concentrating separation units to produce pellet 

concentrates and sinter fines. The crushed ore goes through sorting via dry magnetic separators before entering the wet 

separation process in the concentrating plant. Fines for sintering are produced from sorted ore after crushing, screening, 

magnetic separation, and dewatering. Fines have an iron content of about 71%. Sorted ore to produce pellet concentrate 

goes through magnetic separation and several grinding steps to achieve the desired size distribution. A wet slurry mix of 

magnetite, hematite and additives is pumped to the pelletizing plants. 

 

2.2.3 Pellet plant 

The mixed slurry is dewatered and agglomerated to pellets. Green pellets from the balling units go through an 

induration process where the magnetite ore is fully oxidized to hematite. To start the exothermic transformation from 

magnetite to hematite oil burners are used. Magnetite oxidation provides the majority of energy for induration, however 

fuel oil remains significant. The main electricity consumers in the pellet plant are process fans, compressors and 

conveyor belts. CO2 emissions will be formed from combustion of carbon in oil and calcination of limestone. The iron 

ore pellets produced for Ruukki are olivine-fluxed with Fe content of 67% 

 

2.3 Steel production system 

Processes directly influenced by the shift from sinter based to pellet based hot metal production is the blast furnace, 

sinter plant, coke production and lime production. 

 

2.3.1 Coke plant  

A consequence in the coke plant of sinter plant closure is the excess of coke breeze (undersized coke) that used to be 

consumed in the sinter plant. Excess coke breeze can be sold and from a system perspective the energy and CO2 

penalties from the carbon content in coke breeze are negative in the case of sold to parties external to steelplant. The 

coke plant consumes coke oven gas (COG) and blast furnace gas (BFG) as fuel in the underfiring of coke batteries. 

By-products from the coke plant such as tar and BTX (benzene, toluene, and xylene) are outgoing products and will 

also give negative penalties for energy content and CO2 from the carbon content. Coke oven gas is, in the first instance, 

distributed to metallurgical processes. COG is used in sinter plant, blast furnace, steel shop, rolling mills and lime kiln. 

A small amount of COG is flared and any remaining COG is mixed together with blast furnace gas to generate 

electricity in the power plant.     

 

2.3.2 Sinter plant and briquetting plant 

The system for recirculating revert materials changes from adding to sinter in Period 1 to cold agglomeration in 

briquettes in Period 2. In the sinter plant external energy penalties will apply from the production of sinter fines. 

External coke breeze is used in the sinter plant. No energy or emission penalties have been added from production of 

external coke breeze. Energy and emissions from burning fuels (COG) and CO2-emissions from calcination of 

limestone will apply in the sinter plant. In the cold agglomeration of briquettes cement is the only imported material. All 

other materials to the briquetting plant are from internal sources. Emission penalties from cement production have been 

investigated. 

The sinter plant had a heat recovery system producing district heat. This heat production is credited in Period 1. 

   

2.3.3 Blast furnace 

Pellets consumption changes from about 30% to almost 100% of the iron carriers charged to the blast furnace. This 

impacts the slag management and could be expected to affect the reducing agent rate. External penalties for energy and 

emissions come along with the pellets. The higher iron content in pellets compared to sinter results in lower slag 

production and consequently less granulated slag to be used for cement production. The effect on CO2 emissions of 

granulated slag as replacement for clinker in cement has been investigated. External coke was used and no penalties 

have been added from production of this coke. Blast furnace top gas was used as fuel to heat up hot stoves and as fuel in 

the coke plant. The rest is delivered to the power plant.  

  

2.3.4 Lime kiln 

Burnt lime was used in the sinter plant. This lime will no longer be used inside the system. The production of burnt 

lime from lime kiln will necessarily not change because the produced lime can be used externally. The lime kiln belongs 

to another company external to Ruukki. Specific energy consumption and CO2 emissions have been considered for lime 

products used inside the system boundaries.  

 

 

 



2.3.5 Steel shop  

The steel shop consists of desulphurization unit, blast oxygen furnace (BOF), continuous caster and rolling mills. It 

has been assumed that no effects in these processes were caused by the change from sinter to pellets. However they are 

included in the gas network with fixed energy demand per tonne product to account impact of process gas production 

and use. Internal recycling from BOF-slag, scales etc. have been assumed to be constant in both periods. The BOF-gas 

in Ruukki is combusted in the duct and sensible heat is recovered for district heating. Energy credits for district heat 

production are applied at the same rate for both periods.     

 

2.3.6 Power plant 

The power plant uses the processes gases not used in metallurgical processes and some supplemental oil. Mainly 

blast furnace gas (BFG) is burned to produce electricity and a very small amount of district heat. To get a comparable 

difference between the periods the supplemental oil rate to the power plant and efficiency of the power plant were fixed 

so the power generation from the system will change according to delivered gas. 

 

2.3.7 CO2 emissions from external electricity generation 

A part of the electricity is imported to the system. Although these emissions are produced outside of the system 

boundaries, they are important under so-called Scope 2 emissions. Because there is a change in imported electricity, the 

impact of these emission is discussed.  

 

2.4 BF slag use     

It is widely known that ground granulated blast furnace slag (GGBFS) can substitute clinker in cement production 

and thereby reduce CO2 emissions.
6 
Due to the high impact on CO2 emissions from cement production, and the fact that 

BF slag is a major by-product of steelmaking it is taken into consideration in the discussion. 

 

3. Results 

3.1 Iron ore system 

The energy and emission penalties that have been considered to follow the iron ore products downstream to steel 

plant are fuel consumption, electricity consumption, CO2, SO2 and NOx emissions. The products from the iron ore 

upgrading units are blast furnace pellets and sinter fines. More pellets were delivered to Ruukki in Period 2 compared to 

Period 1 and no sinter fines were delivered Ruukki in Period 2. Table 1 shows a summary of fuel energy, electricity and 

emissions from the iron ore system that are carried through to steelmaking. Producing blast furnace pellets consumes 

more than twice the electricity of producing sinter fines due to fine grinding required to produce pellet feed and pellet 

plant electricity requirement. Additionally, the pellet plant uses oil for induration. 

 

 
 

3.2 Steel system – Metallurgical processes changing 

To calculate the emitted CO2 emissions from the steel system a material balance was constructed for the in- and 

outgoing carbon in the system for each reference period. By subtracting outgoing carbon from ingoing carbon the 

difference can be assumed to be emitted as CO2. Table 2 shows the carbon balance for the defined changing 

metallurgical system. In this system CO2 emissions were reduced by 154 kg/t LS as a consequence of shutting down the 

sinter plant and replace sinter with pellets. This corresponds to a reduction of 17% emitted CO2. The major difference 

was import and export of coke breeze. In Period 1 about one third of the solid fuel in the sinter plant was imported coke 

breeze and the rest came from internal sources. In Period 2 almost the same amount of coke breeze was exported as was 

imported in Period 1 which resulted in reduced direct CO2 emissions. Less import of limestone also resulted in reduced 

CO2 emissions. 

Table 1. Summary of fuel energy use, electricity and emissions for producing blast furnace pellets and sinter fines 

 Energy Emissions 

Product Fuels Electricity CO2 SO2 NOx 

Blast furnace pellets 0.26 GJ/t pellets 101.5 kWh/t pellets 22.4 kg/t pellets 150 g/t pellets 255 g/t pellets 

Sinter fines - 41.7 kWh/t fines - - - 

 



 

 

Table 2. Carbon balance hot metal system 

 
Period 1 Period 2 

Ingoing kg C/t LS kg C/t LS 

Coking coal 341 358 

Coke breeze import 17   

Limestone 8 (SP) 4 (BF) 

Limestone LK 14 11 

Coke import 35 45 

Injection oil  86 48 

Total 501 466 

 Outgoing kg C/t LS kg C/t LS 

Export by-products 17 16 

Coke breeze export 

 

16 

Hot metal 41 41 

Coke oven gas 20 20 

Blast furnace gas 169 161 

Total 247 254 

 kgCO2/t LS kgCO2/t LS 

CO2 emissions 931  777 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The major shift in CO2 and energy comes directly in closure of the sinter plant and substitution of sinter with pellets.  

The iron ore system in Period 2 shows an increase of about 200 MJ/t LS of fuel use which is from firing the additional 

pellets while there is a 1500 MJ/t LS reduction in fuels for sintering in the steelplant system (Table 7). It should be 

noted that pellets and sinter have Fe contents of 67% and 61% respectively. Therefore fewer pellets are required per 

tonne iron.  

In Period 2 there was a reduced oil rate that was due to a change in price relation of oil and coke. The on-site coke 

production stayed unchanged and the coke rate was balanced with imported coke (for which no external CO2 penalty 

was applied for production).  

 The overall fossil fuel energy consumption in the blast furnace process is about the same in both periods as shown 

in Table 3. Hot metal analysis is assumed not to have been effected by the change from sinter to pellets operation. Hot 

metal analysis was fixed in the two periods. The reduction in exported BF gas energy in period 2 is primarily due to 

lower oil rate which reduces the H2 content in BFG. 

 

 
Table 4. Carbon balance fixed system 

 
Period 1 Period 2 

Ingoing kgC/t LS kgC/t LS 

Hot metal 41 41 

Scrap 1  1 

COG 18 18 

LPG 7 7 

Outgoing   

C in steel 1 1 

   

Power plant kgC/t LS kgC/t LS 

BFG  169 161 

COG 2 2 

Oil 3 3 

Flare 0 1 

   

CO2 emissions kgCO2/t LS kgCO2/t LS 

Fixed processes 238 238 

Power plant 638 612 

 

Table 5. Fossil energy balance fixed system 

 
Period 1 Period 2 

Ingoing GJ/t LS GJ/t LS 

Steel shop* 1.8  1.8 

Power plant   

- Blast furnace gas 2.3 1.9 

- Coke oven gas 0.2 0.2 

- Oil 0.1 0.1 

- Steam 0.3 0.3 

Outgoing   

Electricity 0.9 0.7 

District heat 0.5 0.5 

Net 3.3 3.1 

 
*Steel shop – BOF, CC, HRM, CRM 

Table 3. Fossil energy balance BF 

 
Period 1 Period 2 

Ingoing GJ/t HM GJ/t HM 

Coke 10.5 11.8 

Injection oil 4.3  2.4 

Briquettes - 0.2 

Total 14.8 14.5 

  

Outgoing GJ/t HM GJ/t HM 

BFG export 3.1 2.6 

C in hot metal 1.5 1.5 

Total 4.5 4.1 

Net balance 10.3 10.4 

 



Table 6. Electricity consumption  

 
Period 1 Period 2 

 kWh/t LS kWh/t LS 

Sinter fines 26  0 

Pellets 42 128 

Coke 18 20 

Sinter/Briquettes 30 4 

Lime kiln 5 5 

Hot metal 91 91 

Steel shop* 290 290 

Oxygen plant 74 58 

Power plant -247 -207 

Net import 329 389 

 
*Steel shop – BOF, CC, HRM, CRM 

Table 7. Total energy consumption  

 
Period 1 Period 2 

 GJ/t LS GJ/t LS 

Fossil fuels: 

Iron ore system 0.1 0.3 

Sinter plant/briquettes 1.5 0.0 

Coke plant 0.8 0.9 

Blast furnace 9.1 9.3 

Lime kiln 0.2 0.2 

Steel system 1.8 1.8 

Process gas to PP 2.9 2.5 

District heat export -0.6 -0.5 

Net fossil fuel 15.8 14.5 

External electricity: 

Electricity import 1.2 1.4 

Net 17.0 15.9 

 

3.3 Steel system – Metallurgical processes fixed 

Process units defined in the fixed system are desulphurization, blast oxygen furnace, continuous casting, hot strip mill, 

and cold strips mill. Process gases not taken care of internally are burned in the power plant to produce electricity and 

district heat. If the energy input of process gases to the power plant is not enough, oil can be added to keep the 

electricity output stable. To see the effect from gas network changes between investigated periods the oil input was 

fixed. Ingoing and outgoing materials are fixed and the only change into this system is incoming process gases. Because 

coke oven gas was used as ignition fuel in the sinter plant some COG was released in Period 2. However the effect on 

the system was not as large as expected. More COG was needed in the coke plant because of the lower heating value of 

blast furnace gas. Also more COG was flared during Period 2.  

Table 4 shows the carbon balance of the fixed system. The CO2 emissions decreased with 26 kg/t LS in Period 2 

compared to Period 1. This corresponds to a 4% reduction in CO2 emissions. The heating value (LHV) of the produced 

coke oven gas was higher Period 1. It is assumed that this was not impacted by the differences between the periods 

already mentioned. However because it is part of the gas system the measured LHV for each period has been used in the 

calculation. 

Table 5 shows the energy balance of steel shop and power plant. Fixed supplemental oil rate at the power plant and 

reduced energy input from incoming gases in Period 2 resulting in less electricity generation. The main changes in the 

fixed system are input BFG to power plant and associated electricity generation. In the fixed steel system there is a 

reduction of 0.2 GJ t LS from Period 1 to Period 2. The power plant has an efficiency factor of 29%, and the net 

reduction is due to this low conversion efficiency with the decrease in BFG energy to the power plant. 

    

 3.4 Electricity consumption 

When the sinter plant is closed down the electricity use for producing sinter fines and sinter is eliminated. However 

production of pellets consumes more electricity than producing sinter fines. More pellets are used in the system which 

increases the electrical consumption required in pelletizing per ton liquid steel. The blast furnace electricity 

consumption data for Period 2 is used in both cases because a retrofit of gas cleaning and slag granulation were made 

between the periods. The specific electricity consumption for oxygen production is assumed to be 0.5 kWh/Nm
3
 O2 and 

0.7 kWh/Nm
3
 O2 for BF and BOF respectively. Because of the different production levels and injection rates into the 

blast furnace the oxygen production was higher in Period 1. Because the blast furnace process has been considered to 

change, the oxygen production for each period has been used. The sensitivity to this assumption is described in the 

discussion. Table 6 summarizes the electricity consumption considered in the system. Total net electricity consumption 

increased with 60 kWh/t LS corresponding to 18% increase in imported electricity to the entire system. 

 

3.5 Total energy consumption 

Fossil fuels account for more than 90% of the energy consumed in the total system, as shown in Figure 3. There is a 

net decrease in fossil fuel energy due primarily to sinter plant closure, Table 7. There is an increase in electricity 

consumption in Period 2 due to higher pellet rate, however this increase is small with electricity consumption related to 

iron burden material preparation increasing by 34 kWh/t LS (or 122 MJ). Figure 4 puts into perspective the energy 

consumption for the mining system which is very small, representing only 2% and 5% of system energy consumption 

for Periods 1 and 2 respectively. Changes in oxygen and on-site power production are discussed below.  

  



 

 

 
 

Figure 5. Accumulated direct CO2 emissions 

Table 8. SO2 and NOx emission  

 
SO2 NOx 

 Period 1 Period 2 Period 1 Period 2 

 g/t LS g/t LS g/t LS g/t LS 

Pellet plant 62 188 104 314 

Sinter plant 1014 - 217 - 

Coke Plant 18 19 194 214 

Blast furnace 37 45 20 22 

Power plant 184 151 72 58 

Total 1315 404 606 607 

 

 

 

3.6 SO2 and NOx emissions 

According to environmental reporting, the steel 

plant approximately emits 1.8 kg SO2/t LS and 1.1 

kg NOx/t LS
7
. More than 50% of the SO2 

emissions were emitted in the sinter plant. Table 8 

shows the processes where SO2 and NOx 

emissions were influenced by the shutdown of the 

sinter plant. The decision of closing down the 

plant decreased the SO2 emissions in the total 

system by 911 g/t LS which resulted in a total 

reduction of almost 70%. The total NOx emissions 

in the system did not change because emissions 

were shifted to the mining system at about the 

same rate. 

 

4 Discussion 

The investigation of the global effects of 

closing down the sinter plant at the Ruukki 

steelworks in Finland has been based on 

collected process data from two periods in the 

beginning of year 2011 and 2012. Data has also 

been collected in the mining system to produce 

iron ore pellets and sinter fines. It would have 

been ideal from a scientific point of view to 

maintain completely stable production rates and 

operating parameters not related to the change 

in iron burden, however fluctuations in prices of 

coal and oil affected the operation to a degree. 

The oil price peaked in the beginning of 2012 

which made it more profitable to use coke than 

injecting oil in the blast furnace. Therefore to 

optimize cost less oil was injected in the blast 

furnaces in Period 2. Using less oil together 

with slightly lower production level decreased 

the need for oxygen enrichment in the blast. The 

hydrogen from oil is not utilized to the same degree as carbon from coke, therefore a lower hydrogen content in BFG 

lowered the heating value in Period 2. In addition, limestone addition and the higher oxidation degree of pellets 

compared to sinter also lowered the BFG heating value in Period 2. It should be noted that sintering has been used for 

decades at Ruukki whereas a 100% pellet burden is very new and the operation could possibly be optimized further. 
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Table 9. CO2 emissions from OPC and blast furnace slag 

 

kgCO2  

emissions/t clinker
12

 

kgCO2  

emissions/t GGBFS
10

 

Calcination of CaCO3 526 0 

Fossil fuel  314 20 kg (drying) 

Total 840 20 

 

 
 

Figure 7. CO2 reduction from GGBFS replacing clinker in 

cement manufacturing 

4.1 Total directly emitted CO2 process emissions  

The effect on CO2 emissions can be derived from the elimination of emissions in the sinter plant. Figure 5 shows the 

accumulated CO2 emissions from iron ore to finished steel. As can be seen the difference at sinter level is about 200 kg 

CO2/t LS. In the end the CO2 emissions have been decreased with 165 kgCO2/t LS from 1821 to 1656 kgCO2/t LS. This 

corresponds to a reduction of 9% of the total CO2 emissions emitted by the system from mine to finished steel products. 

This is a conservative measure and as was mentioned earlier the reduction is assumed to grow even larger when 

production levels and oil injection into the blast furnace are on equal levels.  
 

4.2 CO2 emissions from electricity generation 

CO2 emissions emitted when electricity is generated are dependent on the source. Figure 6 shows the CO2 effect of 

different emission factors on the investigated system. It is clear that the emission factors will influence net change in 

CO2 emissions.  

For example recent emission factors for electricity generation are 0.03 kg/kWh in Sweden and 0.226 kgCO2/kWh in 

Finland.
8
 The low factors are due to the uses 85% of electricity generated from renewables or nuclear plants in the 

Nordic region.
9
 Figure 6 shows the sensitivity of electrically-related emissions with an average Nordic factor of 0.12 

kg/kWh. Applying this emission factors on the 

system increases the CO2 emissions from 39 

kgCO2/t LS in Period 1 to 47 kgCO2/t LS in 

Period 2. In this case increased electricity 

consumption as a consequence of reduced 

process gases and more electricity intensive 

pellet production compared to sinter fines 

production does not particularly influence the 

CO2 emissions. It can also be noted that 

applying the same oxygen rate to BF in Period 

2 as Period 1, with a 16 kwh/t LS increase 

results in a 2 kg CO2/t LS increase in emissions. 

If higher emission factors be applied, the net 

reduction of CO2 emissions in the system will 

decrease.    

 

4.2 CO2 from cement production 

Adjustments can be made in CO2 emissions 

related to both use of cement in briquettes and 

the production of BF slag which is largely used 

for replacement of clinker. 

 

4.2.1 Slag cement 

 McCaffrey has calculated CO2 emission 

reduction potential by using Ground Granulated 

Blast Furnace Slag (GGBFS) in cement 

production
10

. Table 9 shows the difference in 

CO2 emissions for ordinary Portland cement 

(OPC) and GGBFS. 

In 2010 23.5 million tons of slag was produced 

in EU(13) of which 82% was ground granulated 

blast furnace slag
11

. The majority of BF slag 

produced at Ruukki is processed to GGBFS. The 

change in slag rate between periods will then 

change the downstream CO2 emissions. Figure 7 

illustrates the CO2 impact on cement production 

for different slag rates per ton of steel when 

GGBFS is replacing clinker. The reduction in 

slag rate in Period 2 increases the CO2 emissions 

in the cement production with 26 kg/t LS. This 

would reduce the CO2 efficiency in the total 

system when changing from sinter to pellets of 

about 1%.   

 
Figure 6. CO2 emissions from electrity consumption with 

different emission factors 



 

 

4.2.2 Cement in briquettes 

About 10% cement is used as binder in the briquettes. When applying the same CO2 penalties as in Table 9 and 

assuming clinker based cement production the carbon footprint in the steel production from cement in briquettes with a 

briquette rate of 55 kg/t LS give additional CO2 emissions of about 5 kg/t LS. This would have a small effect (-0.3%) on 

the total CO2 efficiency.  

 

4.3 Overall sensitivity to assumptions 

Table 10 shows the emissions summarized and how they are affected by differences in assumptions and system 

boundary. It is clear that the overall through the Swedish-Finnish mine-to steel system is more energy and CO2 efficient, 

with minor variations depending on assumptions of electricity generation, impact of cement and slag, and impact of 

change in BF oil/coke rate and oxygen rate. An emission factor of 0.6 kg/kWh shows the sensitivity to emissions from 

electricity, but this is much higher than in Nordic Countries. 

5 Conclusions 

It is clear that there is a significant reduction in CO2 and SO2 emissions and energy consumption in the overall mine 

to steel system when sintering is replaced by pellets for the case studied. The improvements for the combined system 

are estimated to be: 

 CO2 emission reduction of 8% to 11% (depending on assumptions); 

 SO2 emission reduction of 70%; 

 Reduction in system energy consumption of 1.1 GJ/t LS which is 6.5% of total energy consumption. 

 

The vast majority of the energy consumed in the system was for iron and steelmaking, representing more than 95% of 

total energy for steel production. The increase in energy required for pellet production was small in comparison with the 

benefits realized in integrated steelmaking when eliminating sintering.  
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