
MASTER'S THESIS

Energy System Analysis in the Swedish
Iron and Steel Industry

Ernesto Ubieto

Master of Science (120 credits)
Mechanical Engineering

Luleå University of Technology
Department of Engineering Sciences and Mathematics



 

 

 

 

Energy System Analysis of the Swedish 

Iron and Steel Industry 

 
Ernesto Ubieto Udina 

  



 
2 

Table of contents 
1 INTRODUCTION ................................................................................................................. 7 

2 OBJECTIVES ....................................................................................................................... 8 

3 METHODOLOGY ................................................................................................................ 9 

3.1 Methodology of System Analysis ............................................................................... 9 

3.1.1 Scope of the Analysis ....................................................................................... 10 

3.1.2 Boundaries of the Analysis ............................................................................... 11 

3.1.3 Time frames ..................................................................................................... 11 

3.1.4 Components of the System .............................................................................. 12 

3.1.5 Connections within the system ........................................................................ 13 

3.1.6 Limitations of the study ................................................................................... 15 

3.1.7 Tracking CO2 emissions .................................................................................... 16 

3.2 Methodology for Energy Benchmarking ................................................................... 17 

3.2.1 Boundaries of our study: .................................................................................. 17 

3.2.2 Energy Intensive Values for the process: .......................................................... 18 

3.2.3 Determine values for Benchmark ..................................................................... 18 

3.2.4 Limitations of the Benchmarking Study ............................................................ 18 

4 INDUSTRY DESCRIPTION .................................................................................................. 19 

4.1 The Iron and Steel Process: ...................................................................................... 19 

4.1.1 Material preparation ........................................................................................ 20 

4.1.2 Iron making ...................................................................................................... 22 

4.1.3 Steel Making .................................................................................................... 24 

4.1.4 Steel Manufacturing......................................................................................... 28 

4.1.5 Process flowsheet overview. ............................................................................ 30 

4.2 Alternative technologies in the Iron and Steel Industry ............................................ 31 

4.2.1 Direct Reduced Iron ......................................................................................... 31 

4.2.2 Smelting Reduced Iron ..................................................................................... 32 

4.3 Future Technologies for the Iron and Steel Industry ................................................. 33 

4.4 Reference Energy System for the Iron and Steel Industry ......................................... 34 

5 SYSTEM ANALYSIS ........................................................................................................... 35 

5.1 Iron and Steel Industry in Sweden ............................................................................ 35 

5.1.1 Energy Use by the Iron and Steel Industry ........................................................ 35 

5.1.2 Iron and Steel Producers in Sweden ................................................................. 36 

5.1.3 Energy Efficiency in the Iron and Steel Industry ................................................ 37 



 
3 

5.2 Mapping Energy Flows in the Swedish Iron and Steel Industry ................................. 38 

5.2.1 BF-BOF route: integrated plants from SSAB. ..................................................... 38 

5.2.2 Rest of the plants Analyzed: DRI and EAF route ................................................ 46 

5.3 Assumptions made in the analysis of the plants ....................................................... 49 

5.3.1 Accuracy of the results presented .................................................................... 51 

5.4 Adjusting the results for the Electric Arc Furnace route............................................ 52 

5.4.1 National Energy Balance .................................................................................. 52 

5.4.2 Mapping the BF-BOF route ............................................................................... 55 

5.4.3 Mapping the DRI route ..................................................................................... 56 

5.4.4 Mapping the EAF route .................................................................................... 57 

5.5 Tracking CO2 emissions in the Swedish Iron and Steel Industry ................................ 62 

5.5.1 Emission Factors in Sweden ............................................................................. 62 

5.5.2 Electricity production in Sweden ...................................................................... 62 

5.5.3 Imported Electricity: ........................................................................................ 63 

5.5.4 Generation, transport and distribution:............................................................ 63 

5.5.5 CO2 emissions in the Swedish Iron and Steel Industry ....................................... 64 

5.6 Benchmarking.......................................................................................................... 66 

5.6.1 Reference Values for Benchmarking ................................................................. 66 

5.6.2 Energy intensity values for the Swedish industry .............................................. 68 

5.6.3 Comparison between Sweden and Ecotech ...................................................... 69 

5.6.4 Comparison with the IPPC results ..................................................................... 71 

6 SYSTEM ANALYSIS RESULTS ............................................................................................. 72 

6.1 National Energy Balance .......................................................................................... 72 

6.2 Energy Potential Savings .......................................................................................... 73 

6.3 Potential CO2 emissions savings ............................................................................... 75 

6.4 Identification of key processes for energy savings improvements. ........................... 76 

7 DISCUSIONS AND CONCLUSIONS ..................................................................................... 78 

7.1 Conclusion from the System Analysis and the Benchmarking study .......................... 79 

7.2 Future options for the Steel Industry. ...................................................................... 80 

7.3 Future work needed ................................................................................................ 80 

8 References ...................................................................................................................... 81 

 

 



 
4 

LIST OF TABLES AND FIGURES 

TABLE 1: IPCC VALUES FOR COKING PROCESS..................................................................................................................... 21 

TABLE 2: IPCC VALUES FOR THE BF PROCESS. .................................................................................................................... 23 

TABLE 3: REACTIONS IN THE BOF PROCESS ....................................................................................................................... 24 

TABLE 4: REACTIONS IN THE BOF PROCESS. ...................................................................................................................... 24 

TABLE 5: HOT METAL AND STEEL COMPOSITION.................................................................................................................. 25 

TABLE 6: IPCC VALUES FOR THE BOF PROCESS .................................................................................................................. 25 

TABLE 7: IPCC VALUES FOR THE EAF PROCESS. .................................................................................................................. 26 

TABLE 8: IPCC VALUES FOR THE HOT ROLLING PROCESS ........................................................................................................ 28 

TABLE 9: IPCC VALUES FOR THE COLD ROLLING PROCESS ....................................................................................................... 30 

TABLE 10: ENERGY USE IN THE SWEDISH IRON AND STEEL INDUSTRY ........................................................................................ 35 

TABLE 11: TOTAL STEEL PRODUCTION IN SWEDEN ............................................................................................................... 36 

TABLE 12: SHARE OF TOTAL PRODUCTION ANALYZED ............................................................................................................ 38 

TABLE 13: PRODUCTION AND CONSUMPTION IN OXELÖSUND PLANT ........................................................................................ 39 

TABLE 14: MATERIAL FACTOR FOR THE OXELÖSUND PLANT..................................................................................................... 40 

TABLE 15: ENERGY ANALYSIS FOR THE OXELÖSUND PLANT .................................................................................................... 41 

TABLE 16: PRODUCTION AND CONSUMPTION IN LULEA PLANT ................................................................................................ 42 

TABLE 17: MATERIAL FACTORS FOR THE LULEA PLANT ........................................................................................................... 43 

TABLE 18: ENERGY ANALYSIS FOR THE LULEA PLANT ............................................................................................................ 43 

TABLE 19: PRODUCTION IN BORLÄNGE PLANT .................................................................................................................... 44 

TABLE 20: ENERGY USE IN BORLÄNGE PLANT. .................................................................................................................... 44 

TABLE 21: ENERGY ANALYSIS IN BORLÄNGE PLANT.............................................................................................................. 44 

TABLE 22: BF-BOF ROUTE RESULTS. .............................................................................................................................. 45 

TABLE 23: ENERGY USE IN SANDVIK PLANT. ....................................................................................................................... 46 

TABLE 24: ENERGY ANALYSIS IN THE SANDVIK PLANT. .......................................................................................................... 47 

TABLE 25: PRODUCTION AND ENERGY USE IN THE DRI ROUTE. ............................................................................................... 48 

TABLE 26: ELECTRICITY DISTRIBUTION FOR LULEA PLANT ....................................................................................................... 49 

TABLE 27: ASSUMED ENERGY USE IN SANDVIK PLANT. .......................................................................................................... 50 

TABLE 28: ACCURACY OF THE SYSTEM ANALYSIS RESULTS. ...................................................................................................... 51 

TABLE 29: ENERGY USE IN THE ISI FROM EUROSTAT. ........................................................................................................... 53 

TABLE 30: AGGREGATED RESULTS FOR THE ISI FROM EUROSTAT.............................................................................................. 54 

TABLE 31: COMPARISON BETWEEN BF-BOF AND EUROSTAT. ................................................................................................. 55 

TABLE 32: COMPARISON BETWEEN DRI AND BF-BOF WITH EUROSTAT..................................................................................... 56 

TABLE 33: ENERGY USE IN THE REST OF THE EAF PLANTS ....................................................................................................... 57 

TABLE 34: PRODUCTION MIX ........................................................................................................................................ 58 

TABLE 35: ENERGY DISTRIBUTION FOR THE REST EAF PLANTS ................................................................................................. 59 

TABLE 36: ENERGY USE IN THE REST OF THE EAF PLANTS ....................................................................................................... 59 

TABLE 37: ADJUSTED ENERGY INTENSIVE VALUES FOR THE REST OF THE EAF PLANTS ...................................................................... 60 

TABLE 38: ADJUSTED ENERGY USE IN THE REST OF THE EAF PLANTS .......................................................................................... 60 

TABLE 39: ENERGY RESULTS FOR THE EAF ROUTE ............................................................................................................... 61 

TABLE 40: EMISSION FACTOR VALUES .............................................................................................................................. 62 

TABLE 41: ENERGY CARRIERS USED FOR ELECTRICITY GENERATION ............................................................................................ 63 

TABLE 42: ELECTRICITY MARGINAL EMISSION FACTOR ........................................................................................................... 63 

TABLE 43: ELECTRICITY EMISSION FACTOR ......................................................................................................................... 63 

TABLE 44: FINAL ELECTRICITY EMISSION FACTOR ................................................................................................................ 63 

TABLE 45: CO2 EMISSIONS IN THE SWEDISH IRON AND STEEL INDUSTRY .................................................................................... 65 

TABLE 46: CO2 EMISSIONS BY PROCESS. ........................................................................................................................... 65 

TABLE 47: MATERIAL FACTORS FOR THE ECOTECH PLANT...................................................................................................... 66 

TABLE 48: ECOTECH ENERGY INTENSIVE VALUES ................................................................................................................. 67 

TABLE 49: ENERGY INTENSITY VALUES FOR THE SWEDISH INDUSTRY ......................................................................................... 69 

TABLE 50: ENERGY BENCHMARKING RESULTS BY PROCESS. ..................................................................................................... 69 

TABLE 51: BENCHMARKING FOR PRODUCTION ROUTES ......................................................................................................... 70 

TABLE 52: COMPARISON WITH THE IPCC VALUES. .............................................................................................................. 71 

file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132184
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132185
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132191
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132192
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132193
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132196
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132203
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132204
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132207
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132210
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132217
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132219
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132229
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132231


 
5 

TABLE 53: FINAL ENERGY BALANCE ................................................................................................................................. 72 

TABLE 54: ENERGY POTENTIAL SAVINGS BY ROUTE ............................................................................................................... 73 

TABLE 55: ENERGY POTENTIAL ENERGY SAVINGS ................................................................................................................. 73 

TABLE 56: YEARLY POTENTIAL SAVINGS ............................................................................................................................ 73 

TABLE 57: COMPARISON BETWEEN MATERIAL FACTORS. ....................................................................................................... 74 

TABLE 58: RAW MATERIALS FOR THE BOF PROCESS ............................................................................................................ 74 

TABLE 59: CO2 POTENTIAL EMISSION SAVINGS ................................................................................................................... 75 

TABLE 60: COMPARISON BETWEEN CO2 EMISSIONS BASED ON ELECTRICITY PRODUCTION MIX. ......................................................... 75 

TABLE 61: REDUCTION IN ENERGY CONSUMPTION BY PROCESS ................................................................................................ 76 

 

FIGURE 1: AGGREGATED RES IN THE TIMES-SWEDEN MODEL ................................................................................................. 9 

FIGURE 2: MATERIAL FACTOR IN AN ELECTRO STEEL PLANT ................................................................................................... 12 

FIGURE 3: BOUNDARIES OF THE ENVIRONMENTAL REPORTS VERSUS BOUNDARIES OF THE ANALYZED SYSTEM ......................................... 13 

FIGURE 4: BOUNDARIES FOR THE SYSTEM ANALYSIS .............................................................................................................. 14 

FIGURE 5: ACCURACY LEVEL FOR RESULTS WITHIN DIFFERENT ROUTES. ....................................................................................... 15 

FIGURE 6: BOUNDARIES FOR THE BENCHMARKING STUDY ...................................................................................................... 17 

FIGURE 7: STAGES IN THE IRON AND STEEL PRODUCTION ........................................................................................................ 19 

FIGURE 8: COKING PROCESS .......................................................................................................................................... 20 

FIGURE 9: COMMON PROPERTIES FOR INPUTS AND OUTPUTS IN A BLAST FURNACE  ........................................................................ 23 

FIGURE 10: USUAL PROPERTIES FOR INPUTS AND OUTPUTS STREAMS IN THE BOF PROCESS ............................................................. 25 

FIGURE 11: THE ELECTRIC ARC FURNACE ........................................................................................................................... 26 

FIGURE 12: CONTINUOUS CASTING PRODUCTS ................................................................................................................... 27 

FIGURE 13: CONTINUOUS CASTING OPERATION .................................................................................................................. 27 

FIGURE 14: HOT ROLLING PROCESS ................................................................................................................................. 28 

FIGURE 15: COLD ROLLING OPERATIONS FLOWSHEET............................................................................................................ 29 

FIGURE 16: STEEL PRODUCTION ROUTES FOR DIFFERENT PRODUCTS .......................................................................................... 30 

FIGURE 17: DRI PROCESS ............................................................................................................................................ 31 

FIGURE 18: COREX PROCESS ....................................................................................................................................... 32 

FIGURE 19: BF WITH TGR AND CCS............................................................................................................................... 33 

FIGURE 20: IEA RES FOR THE IRON AND STEEL INDUSTRY ..................................................................................................... 34 

FIGURE 21: ENERGY CARRIERS USE IN SWEDEN ................................................................................................................... 36 

FIGURE 22: LOCATION OF STEEL PLANTS ........................................................................................................................... 37 

FIGURE 23: EFFICIENCY IMPROVMENTS IN THE SWEDISH IRON AND STEEL INDUSTRY ...................................................................... 37 

FIGURE 24: MODEL FOR THE OXELÖSUND PLANT ................................................................................................................ 40 

FIGURE 25: BY-PRODUCTS GASES DISTRIBUTION IN LULEA PLANT ............................................................................................. 42 

FIGURE 26: SANDVIK PRODUCTION LINE ........................................................................................................................... 46 

FIGURE 27: ELECTRICITY GENERATION BY ENERGY SOURCE ..................................................................................................... 62 

FIGURE 28: CO2 EMISSIONS BY PROCESS .......................................................................................................................... 65 

FIGURE 29: BENCHMARKING FOR FINAL ENERGY USE BY PROCESS. ............................................................................................ 69 

FIGURE 30: BENCHMARKING FOR PRODUCTION ROUTES ........................................................................................................ 70 

FIGURE 31: ENERGY INTENSITY VALUES FOR SWEDISH PRODUCTION ROUTES ............................................................................... 72 

FIGURE 32: ENERGY BENCHMARKING BY PROCESS. .............................................................................................................. 74 

FIGURE 33: CO2 EMISSIONS BENCHMARKING..................................................................................................................... 75 

FIGURE 34: ENERGY COMPARISON BY PROCESS. .................................................................................................................. 76 

 

 

 

 

file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132243
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132244
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132245
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132246
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132247
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132248
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132250
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132251
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132252
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132253
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132254
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132255
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132257
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132258
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132259
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132260
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132261
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132262
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132263
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132264
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132265
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132266
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132267
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132268
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132269
file:///C:/Users/Ernesto/Desktop/MT/Thesis/System%20Analysis.docx%23_Toc327132272


 
6 

LIST OF ABBREVIATIONS 

 
ISI: Iron and Steel Industry 

GHG: Green House Gases 

BAT: Best Available Techniques 

ETSAP: Energy Technology System   

Analysis Program 

IEA: International Energy Agency 

IPCC: Intergovernmental Panel on Climate 

Change 

RES: Reference Energy System  

MF: Material Factor 

EF: Emission Factor 

 

Processes: 

 

BF: Blast Furnace 

CCS: Carbon Capture System 

DRI: Direct Reduced Iron 

EAF: Electric Arc Furnace 

SRI: Smelting Reduced Iron 

 

Materials: 

 
BFG: Blast Furnace Gas 

BOFG: Basic Oxygen Furnace Gas 

COG: Coke Oven Gas 

CR: Cold Rolled products 

CS: Crude Steel 

DC: Dry Coke 

HM: Hot Metal 

HR: Hot Rolled products 

LF Oil: Light Fuel Oil 

LPG: Light Petroleum Gases 

SL: Slabs
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1 INTRODUCTION   
 

In the year 1997 the Kyoto Protocol was adopted. The aim of the Protocol was to reduce the 

emissions of green house gases (GHG) by 5,2% below the level in 1990, for the years 2008-

2012, in order to stabilize the GHG concentrations in the atmosphere. Present results show 

that the objectives have been not fully reached. However, even if the intended objectives have 

not been achieved, the protocol has become a turning point for the environmental policies 

worldwide.  

The European Union has played a key role for setting overall environmental policies. Europe 

has act as a driving force for international negotiations and also has fulfilled its commitments. 

When the Kyoto Protocol was adopted, the 15 countries that were members of the European 

Union at that time (EU-15), were supposed to reduce their emissions a 8% below 1990 level. 

Last projections show that the EU-15 is well oriented to meet this target. (1) 

 In 2007 the European Commission put forward a climate and energy policy with the objective 

to transform Europe into a sustainable, secure, cost-efficient and low carbon economy (2). 

European leaders approved unilaterally the objective of reducing emissions by 20% of 1990 

levels, by the year 2020.  

In this context, system analysis models provide policy-makers a powerful tool for energy 

planning and development of carbon mitigation strategies. The strength of the system analysis 

models is their ability to analyze the details of one sector considering its interactions with the 

surrounding sectors. This property allows analyzing the entire energy chain from primary to 

useful energy. This offer the opportunity to explore where a limited source is best valued and 

where is possible to reduce CO2 emissions at the lowest cost.  An example of such models is 

TIMES-Sweden, which was originally developed and follow the similar structure as the Pan-

European TIMES model (PET model). TIMES is an energy-economic optimization model based 

on linear programming, developed by the Energy Technology System Analysis Program 

(ETSAP), part of the International Energy Agency (IEA).  

The energy intensity industries: iron and steel, non-ferrous metals, chemicals, petroleum 

refining, minerals and pulp and paper are the responsible for around the 70% of the final 

energy use in the industry sector worldwide, (3). Steel is by far, the most important metal in 

today’s society. Global steel production CO2 emissions are estimated to be 1500 Mtones, due 

to the intensive use of electricity and fuels consumption. In Sweden, steel industry accounts 

for the 7.7% of the final energy use in the year 2005 (4), being also one of the largest CO2 

emitters.  

The CO2 emissions are close related to the energy use in a process. Thereby the first step 

towards achieving emissions mitigation is to identify the potential energy savings from the 

sector. The potential savings depend on different factors, such as: production routes, the 

production mix and the fuels used, and are usually identified by doing a benchmarking 

exercise.  Benchmarking consist of comparing the current performance of the industry with 

the results of the best available techniques, an example of those studies are (5) and (6). 



 
8 

2 OBJECTIVES  
 

The aim of this study is to map the material and energy flows in the Swedish steel industry 

and to compare it with the energy performance of best available technologies.  

This will be done by a detailed description of the existing Iron and Steel Industry, focusing on 

the main process for steel production. The Swedish Iron and Steel industry will be specifically 

analyzed by describing the technologies used, produced products, and the materials and 

energy used. With the description of the processes that belong to the steel production, a 

model that represents the process should be described in order to afterwards be analyzed. 

This model will contain the main routes for steel production, detailing the distribution of 

energy use within the different processes of the industry. The model will be presented as a 

Reference Energy System for the Swedish Iron and Steel Industry, which easily can be 

converted into an energy system model. 

Secondly, the Swedish Iron and steel industry will be benchmarked against the best available 

technology (BAT). Energy use and CO2 emissions will be calculated for the different processes, 

being able to locate the critical operations for the industry. Those areas could be afterwards be 

compare to the best-practice results, in order to obtain the potential energy saving and the 

feasible CO2 emission reductions.  

Finally, based on the previous goals and the available information related to future 

technologies, a discussion will be made in order to present future alternatives for the Swedish 

Industry in order to reduce the energy consumption and the CO2 emissions.  
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3 METHODOLOGY  
 

3.1 Methodology of System Analysis 
 

The first part of the study is to understand the use of energy in the Swedish energy Iron and 

steel industry. This will be done by creating a reference energy system of the Swedish Iron and 

steel industry. Reference energy system is an important tool within system analysis. 

Some definitions are required to be explained before getting into the system analysis 

methodology:  

 System: is a set of interconnected process or procedures that are able to perform an 

activity.  

 System Analysis: the study of the different processes within a system and their 

interactions.  

 Reference Energy System (RES): is a graphical model of the studied system, describing 

the energy technologies and flows of energy.  Usually to identify the processes 

required to supply the end-use activities (7). 

To analyze the performance of the Iron and Steel Industry (ISI), we will consider it as a part of a 

whole energy system. An energy system comprises an energy supply sector and an energy en-

use sector. The study will focus on the end-use part of the energy system, assuming that the 

performance of the processes will be independent from the energy supply.  

In Figure 1 an aggregated RES for the TIMES-Sweden model is shown. The iron and steel 

industry will be found in the industry system, which will receive energy in terms of electricity 

and fuels from outside of the system. The main output of the industry will be the steel 

manufactured products (tonnes of final product), but it can also be a supplier for heat and 

electricity.  

  

Figure 1: Aggregated RES in the TIMES-Sweden model (37) 
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During the analysis, the RES methodology will become a useful tool for the understanding of 

the system that is going to be analyzed. The RES will be presented as a graph of all the relevant 

energy flows that exist into a system, from primary energy supply, to final use. In the RES there 

are two main components.  

 Commodities: All the products or services that consumers need or the ones required 

for further processes and energy goods that exist in the system. They are commonly 

measured in energy units. In the case of material production they are measured in 

mass divided into time units. In the graph the commodities will be showed as vectors, 

which will point different boxes.  

 

 Technologies: Technologies include all the identifiable stages that transfer energy 

from outside into the system, or those processes that convert different commodities 

into new ones. In the graph the Technologies will be showed as boxes, connected by 

vectors.  

 

In our study, the technologies will represent the different processes required to produce steel. 

Commodities will be both the steel products and by-products from the processes, and also the 

energy carriers needed to feed for the processes.  

To develop the formal representation of system into models, the system needs to be identified 

(7). The specific features that have to be identified are listed below:  

 Scope of the analysis 

 Boundaries of the analysis.  

 Time frame for the study.  

 Components of the system 

 Connections within the system.   

 Limitations of the study 

A short description of each of the elements follows.  

 

3.1.1 Scope of the Analysis 

 

The objective of the analysis is to perform a detailed study of the energy use in the steel 

industry of Sweden, outlining the energy flows for each of the process within the industrial 

production and to estimate the CO2 impact, due to the energy conversion during the process.  

This requires detailed information that not always is available. Overall results from producing 

plants will not be enough, as the distribution of energy within the different processes is 

needed. 
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The main source of information on process level will be the environmental reports from the 

different steel production plants in Sweden. These reports commonly present information 

related to production units, use of raw materials, energy consumption and different emissions.  

This information is not always measured or showed in the plant’s environmental reports, 

becoming difficult information to obtain. In order to compensate this lack of information, 

assumptions will be made, based on the following sources: industry expert’s knowledge, 

general performance results from industry and energy use statistics for the sector.  

 

3.1.2 Boundaries of the Analysis 

 

The iron and steel industry in Sweden is formed by three different production routes: Blast 

Furnace-Basic Oxygen Furnace, Electric Arc Furnace and the Direct Reduced Iron routes (DRI). 

Most of them are based on four main production stages: material preparation, iron making, 

steel making and steel manufacturing. 1  An exemption is the DRI route, as it will be fully 

devoted to produce steel powders, which do not required the common manufacturing 

processes.  

When the DRI route only represent 5% of the yearly production of steel in Sweden and the 

process differ substantially from the other, the DRI route will on be considered in our analysis. 

In the other two routes, boundaries will be set in line with the classification that Eurostat use 

for analyzing the industrial sectors. Thereby, the different processes contained in the steel 

manufacturing process will be introduced in our analysis, hot rolling and cold rolling.  

The material preparation process of pelletizing will not be included in any part of our study due 

to the fact that is not accounted for the industrial sector energy statistics and that this process 

is commonly developed in the iron-ores plants, not finding energy results for it in the plant’s 

environmental reports.  

 

3.1.3 Time frames 

 

Our study will be based on a one year full production. The selected year will be 2006 when this 

was a representative year for the steel industry and a year with available environmental 

reports containing useful information. Year 2006 was a standard production year for the steel 

companies, not yet affected by the economic crisis of 2009.  

 

 

 

                                                             
1 A more detailed explanation could be found in the Industry Description chapter. 
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3.1.4 Components of the System 

 

We will have three types of components in our study: technologies, production materials and 

energy carriers. Technologies will be further described in the section: “The Iron and Steel 

Process”. 

The material flow in the steel plants will be the most important connection in our system. 

Production processes will be linked by intermediates, those intermediates will be the main 

product from a process that will be afterwards using in a further production process. These 

materials will be analyzed using the concept of material factor (8).  

 Material Factor: The material factor is defined as the quantity (normally in tonnes) of 

input material that has to be supplied to a process in order to produce a tone of 

output material.  

Most of the processes will present material losses, due to scrapping of products or oxidation, 

and therefore material factors will normally be greater than one. Afterwards, the processes of 

a plant will be linked by each of their material factors, to determine how much each process 

will have to produce to finally produce one tone of product.  

Figure 2: Material Factor in an Electro Steel Plant shows the operational 

process for an Electro Steel Plant, including the input factors that link the 

steelmaking process, the continuous casting and the rolling mills.  

 

 

For example, the quantity of liquid steel that has to be produced to obtain a 

tone of product could be calculated as follows:  

 

          
            

    
                                           

 

The total amount of liquid steel required to produce a tonne of bar will be 

(1.05*1.05) 1.08 tonnes.  

 

 

In addition, CO2 will be also considered in our study. CO2 and materials used will present an 

important connection that will be analyzed by using the concept of emission factor2.  

 Emission Factor: In energy system models, an emission factor can be introduced either 

connected to the input or to the output, according to the CO2 emissions that their use 

or production emit. 

 

 

 

                                                             
2 This concept is further introduced and analyzed in the section Tracking CO2 emissions 

Figure 2: Material Factor 
in an Electro Steel Plant 
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3.1.5 Connections within the system 

 

As the Boundary of our Analysis is the Energy that goes directly into the iron and steel 

production process, we will need to differentiate between the energy use within the plant and 

the one strictly used in the industrial process.  

Most of the plants include in their energy balances the energy use in different process, such as 

oxygen production, lime works, heating or others. All of them are necessary for the proper 

performance of the plant, but the energy use in them will not be counted as a part of the steel 

energy use.  We will use the following classification:  

 Internal process: will include all the process related to the production of iron and 

steel, including all the steel manufacturing process. Coke making will be included in 

this process.   

 External process: will include the process in a steel plant that are no part of the steel 

and iron production.  

Some of the external processes will provide the internal ones with materials or energy. Those 

commodities provided by the external process will be taken into account, as inputs or outputs 

of the internal process.  

The Figure 3: boundaries of the environmental reports versus boundaries of the analyzed 

system, shows the difference between the boundaries that will be used to provide results for 

the steel plants in the environmental reports, and the production processes in which this 

analysis is focus on.  

Figure 3: boundaries of the environmental reports versus boundaries of the analyzed system 
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Once the system has been identified, defining the boundaries, components and connections, a 

description of the system that will be analyzed can be done as shown in the Figure 4: 

boundaries for the system analysis 3 

According to the purpose of each of the technologies, they will be grouped in four groups that 

will represent the main production stages in the industry: material preparation, iron making, 

steel making and steel manufacturing.  

  

                                                             
3
 As explained, DRI route will not be introduced in our analysis. However, the overall energy results for 

this route will be accounted when using the Eurostat’s national energy statistics.  

Figure 4: boundaries for the system analysis 
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3.1.6 Limitations of the study  

 

One of the most important limitations of this study is the difficulty to find detailed information 

of energy use in the industrial sector. Overall results from producing plants will not be enough, 

as the distribution of energy within the different processes is needed. 

In order to fulfill our objective, we will need to transform the overall plant energy results, into 

the specific energy use in each of the internal process of which the plant consist of: coke 

making, iron making, steel making, etc. 

 This exercise will be done by performing the following steps in the order presented:  

 Analyzing the information from the environmental reports and getting the energy 

distribution for each process.  

 Receiving feedback from different experts in the field of energy use in the steel 

industry: personal from the companies, or researchers related to the industry.  

 Using information from known processes for modeling the unknown ones.  

 Using information available in the literature for the specific industrial process.  

 Comparing the global results with the energy balance developed by Eurostat.  

The more ahead that is necessary to go through the steps, the more uncertainty that our 

results will present.  

According to the quantity and quality of information that was presented in the environmental 

reports that have been analyzed, it could be concluded that mapping results will present a very 

different certainty level for each route, being the Electric Arc Furnace route the one presenting 

largest uncertainties.  

 

 

 

 

 

 

 

 

 

  

Figure 5: accuracy level for results within different routes. 
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3.1.7 Tracking CO2 emissions  

 

Carbon Dioxide emissions are also one of the key issues that the Steel Industry has to deal 

with. During our study, emissions will be accounted as an input from the production process.  

The CO2 emissions within the process will proceed from different sources: fuels, by-gas 

products, raw materials used, etc. 

Carbon Dioxide will always appear as a sub-product from a chemical reaction, either from 

combustion processes or from reduction reactions. The amount of this sub-product emitted, 

will directly depend on the fixed carbon that the original material contained.  

The fixed carbon is a material property related to the material composition. In line with 

Eurostat (9) there will consider three different types of material accounting for CO2 emissions:  

 Gaseous Fuels: These gases are formed by a blend of different gaseous compounds. In 

this category are included: COG, BFG, BOG or Natural Gas. The CO2 emissions of these 

gases are based on their share of burnable gases, mainly CO and methane, CH4. 

 Oil and derivates: This category refers to all those products related to the petroleum 

process.  In our process three products are included in this category: oil, diesel and 

LPG. The products that are included in this category are mixtures of many different 

hydrocarbons and impurities.  

 Solid Fuels: This category includes the coal and its derivates, coke is the most 

common. They are fossil fuels, and will differ from each other depending on their ash, 

moisture, volatiles and combustible contented.  

In this way, composition of the raw materials used, will determine the CO2 process emissions.  
By knowing the composition of each material, the CO2 that is produced could be directly 
calculated.  For this purpose we will use an equivalent unit, which will transform the energy 
provide from an energy carrier into the CO2 that it produce.  This unit is called emission factor 
(EF). The Intergovernmental Panel on Climate Change (IPCC) provides tabulated emission 
factor for the different materials, based on their average composition.  
 
However, the composition of those raw materials can differ strongly from one country to 
another. For this reason, we will use location adjusted data (10) to get a better approach to 
the Swedish situation.  
 
 
External emissions:  
 
So far, we have described the method for analyzing the CO2 emissions related to the use of 
materials in the process. However, the use of electricity has not been included yet.  
 
Electricity use in the industrial process will no produce any direct CO2 emission, however 
electric power generation is based on different techniques, some of which involve emissions 
from fuels combustion. Therefore, the emission factor for electricity will be based on the 
emissions produced during its generation.  
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3.2 Methodology for Energy Benchmarking  
 

Energy Benchmarking is the method that compares the energy performance of a plant or a 

group of them from the same sector against the optimal or standard performance (5).  

Once the system which is going to be analyzed has been understood, it will be necessary to set 

the following conditions in order to develop our Benchmarking study:  

3.2.1 Boundaries of our study:  

 

At the time of setting the boundaries for the Benchmarking study, it could seem logical to 

establish the same boundaries as the ones used previously in Figure 4: boundaries for the 

system analysis. However, in this case, the cold rolling process will have to be excluded.  

Cold rolled product is the umbrella name for a wide category of different products, which 

entails many different production processes. Different plants will present different processes, 

different energy efficiency on each of them, and different distribution of products. In addition, 

the share of cold products produced in Sweden compared with the average production share 

in other countries is very large (11).4 

This situation will make it difficult to compare the performance of this process in different 

plants, and thereby including them in the benchmarking exercise, could bring an unfairly 

evaluation. All of this leads to not consider the Cold Rolling process in our analysis. 

In Figure 6: boundaries for the Benchmarking study show that the processes compared will be 

the same as the ones included in the system analysis but the cold rolling.  

                                                             
4
 Note that Cold Rolled products have to be necessarily introduced in the system analysis to be able to 

get the entire energy consumption from the industry and compare it with national energy statistics. 

Figure 6: boundaries for the Benchmarking study 
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3.2.2 Energy Intensive Values for the process:  

 

One of the objectives of Benchmarking is to be able to compare different plants and sectors, 

which could differ from size and output. For this reason it will be required the use of energy 

intensive values as the unit to size the performance of different plants or. 

 Energy intensive values: are indicators that depend solely by the efficiency with which 

the energy is consumed in the analyzed process. The value has to be sensitive only to 

changes in technology and practice within the boundary of the system. (8) 

For this reason during our system analysis, we will calculate the energy use in each of the 

process, by tone of final product produced. The final product for benchmarking will be 

considered the hot rolled ones.  

 

3.2.3 Determine values for Benchmark 

 

Finally, what is last needed for the Benchmarking analysis is to determine the reference values 

that will be used to compare with. Two different comparisons will be developed, firstly the 

comparison with the average results from other European plants, and finally the comparison 

against the best available techniques results given by the International Iron and Steel Institute 

(IISI) 

The Intergovernmental Panel on Climate Change (IPCC) provides the results from the 

performance of the production processes within the different plants of Europe; the 

information will be available in BAT reference documents from the European Commission:  

(12) and (13). 

The most common used values for energy benchmarking in the Iron and Steel Industry (5) are 

the ones related to the Ecotech Plant from the IISI. The Ecotech Plant, is a theoretical plant 

that use energy-savings technologies that are commercially available and also economically 

attractive (those technologies are called Ecotech Technologies) (8). 

3.2.4 Limitations of the Benchmarking Study 

 

Nowadays there are a few, or even any, plant operating with all of the Ecotech technologies, 

for its entire production process. Therefore, the energy intensive values for the Ecotech plant 

were calculated by using the values from the most efficiency process within the plants of the 

entire world. In fact, the values for the Ecotech Plant have to be considered as what they are, 

theoretical data, as there is not any plant which could verify that they could be achieve in 

reality.  
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4 INDUSTRY DESCRIPTION  

4.1 The Iron and Steel Process:  
 

The iron and steel production process includes three distinct parts: Iron Making, Steel Making 

and Steel Manufacturing. Besides these three parts, we should also contemplate an extra 

group of processes for the material preparation.  

 

Figure 7: stages in the iron and steel production 

At the present time there are two major production routes (14):  

 The blast furnace and basic oxygen furnace route (BF-BOF route): Where steel is 

made directly from raw materials. In this route all the Iron and Steel Process Parts 

should be completed.  

 The electric arc furnace route. (EAF route): Where steel is made using recycled scrap. 

In this route the material preparation and iron making parts are omitted.  

 

Material Preparation: The main raw materials for producing steel are coal and iron ore. In the 

material preparation processes those raw materials are treated to a better use of them, later 

in the process. In the Material Preparation processes are included the coking for coal, and 

sintering or pelletizing for iron ore.  

 

Iron Making: The treated iron ore is the mixed with coke and other reduction agents to 

produce liquid iron (also called hot metal), or Pig Iron if it is solid 

 

Steel Making: Molten steel (also called crude steel) could be produced by two different 

techniques. The hot metal could be introduced in the Basic Oxygen Furnace (BOF), or the 

Electric Arc Furnace (EAF) could melt scrap. After producing the molten steel, it is shaped in 

form of slabs, blooms or billets, by the Continuous Casting Process.  

 

Steel Manufacturing: When slabs, blooms or billets are finished, they are usually introduced 

into the hot rolling process to achieve their final form.  Depending on the final use of the 

product other process could be included, such as: galvanizing, tempering or welding (15) 

  

Figure 1: Iron and Steel Process Parts
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4.1.1 Material preparation 

4.1.1.1 Coking Process 

 

Coking is a dry distillation process (combustion without access to air). The process last for 

more than 18 hours, where the coal is converted in 75% coke and 25% of gas (16).The process 

for coking will take into account four different stages (17) : 

 

 The coal is mixed and pulverized before being charged in the Coke Ovens. 

 Then the ovens are heated up to 1100ºC in absence of air, making the coal carbonize 

and transform into a hard porous mass called coke.  

 The gases produced are collected as they will be useful as fuel gas for the Coke Oven 

and for different processes of the steel production. This gas will be called Coke Oven 

Gas (COG) during our analysis.  

 Finally, the coke is quenched with water sprays, to after transport it to the Blast 

Furnace.  

 

For producing Iron, coke acts as a source of carbon which will act as the main reducing agent in 

the Blast Furnace. Coke will also offer a high heating value which will be exploited for melting 

materials and heating. 

 

In the Blast Furnace a good reactivity and not pulverize coke is needed. For these reason 

bituminous coals are used in the coking process. Bituminous coals present high carbon and low 

ash and sulfur contents.  

 

In Figure 8 there is a description of different parts in a coke oven plant and the material 

composition of the main products from the process: coke and COG.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Coke Oven parts and description of products [4]

Figure 8: coking process (40) 
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The IPCC present, in the reference document for the BAT in the Iron and Steel Industry, the 

input and output data related to the different ISI process, according to the performance of 

different European plants. Table 1 present the main material and energy flows in a coke plant.  

 

 
Table 1: IPCC values for coking process. (12) 

 

4.1.1.2 Sintering and Pelletizing Process:  

 

The sintering and pelletizing process are not included in the boundaries of the system 

analyzed. However, it seems reasonable to explain the production processes of two of the 

main materials that are used in the system: sinter/pellets.  

 

The performance of the modern blast furnace is improved by the prior preparation of the iron 

ores. This preparation consists in the agglomeration of iron ore by two different processes: 

sintering or pelletisation. The route used usually depends on local conditions: availability or 

raw materials. Sinter is commonly produced in the integrated steel plants, while pellets are 

commonly produced in mines or industrial harbors. (18) 

 

The sintering process is developing in the plants producing an agglomerate iron material that 

will afterwards feed the Blast Furnace. In addition, this process will also serve to recycle dust, 

sludge and part of the slag produced in the plant. Thereby, sinter will include almost every 

necessary additive needed in the blast furnace process. These additives will be needed to 

produce the slag that will remove the undesired elements from the steel, as explained forward 

in the section:  Basic Oxygen Furnace (BOF): 

 

In the pelletizing process, iron lump will be used to produce pellets. The iron lump will be 

pulverized and mixed with fluxing materials, producing balls, which will be afterwards 

hardened by thermal treatments, to produce the final product. The benefits from pelletizing 

are the possibility to produce those using fine ores, and also the low ganga content that 

present.  

 

 

 

 

 

 

Min Max Unit

Raw Materials Coal 1220 1350 kg

COG+BOF 3200 3900 MJ

Steam 60 800 MJ

Electricity 20 230 MJ

Output COG 7200 9000 MJ

Production Coke kg

Commodity

Coke plant

1000

Input
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4.1.2 Iron making 

 

There are different processes to produce iron nowadays. The most use in the present industry 

is the Blast Furnace, especially in the developed countries in North America and Western and 

North Europe.  

 

There are some different technologies like Direct Reduced Iron, with larger penetration in 

regions like Asia and Oceania or North Africa. The commercial name for this technology is 

MIDREX (19). The use of Natural Gas in the Direct Reduced Iron, reduce the CO2 emissions 

down to 35% in comparison with current blast furnaces.  

 

In addition there is a new technology (1980) alternative to Blast Furnace and Direct Reduced 

Iron, called Smelting Reduced Iron. They are been implemented in South Africa and South 

Korea. According to E.Worrell in (20) this new technology have lower investment cost, but 

equal variable cost than the current blast furnaces.  

 

4.1.2.1 Blast Furnace (BF):  

 

In the Blast Furnace the oxygen present in the iron ores is removed to convert the pellets or 

sinter into hot metal. In the ores, oxygen is fixed in form of magnetite (Fe3O4) (15). Carbon will 

be used as reducing agent, reacting with the oxygen in the magnetite. For this purpose coal 

and coke will be added in the Blast Furnace.  

 

The reduction process takes place inside the refractory-lined blast furnaces. Process’s 

temperature can rise up to 2200ºC in the hottest zone. The melting point for the iron is 

1535ºC.  

 

 

Indirect Reduction:  

                      

Direct Reduction:  

                    

 

The blast furnace is feed continuously from the top with iron, coke and some additives like 

limestone. The considerable size of the coke particles allows the molten hot metal to trickle 

down while the hot gases could rise through the blast furnace.  

 

When the iron has been reduced and melted, it is collected in the bottom of the blast furnace, 

which is known as the heart of the blast furnace.  

 

Limestone that was added to the blast furnace had the objective of collecting silicon and other 

undesired substances, converting them into slag. Slag will float over the hot metal in the heart 

of the blast furnace, being removed and separated.  
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The materials that were reduced (oxygen and carbon) combine into a gaseous form:  carbon 

monoxide or carbon dioxide. This gas will be called Blast Furnace Gas (BFG) during our analysis. 

The gas will be discharged through large tubes to a recycling gas plant.  

 

The presence of CO in this gas, converts it in an energy rich gas, which will be used as fuel 

input for the blast furnace, other steel making processes or to produce electricity, steam or 

district heating in a power plant.  

 

In Figure 9: Common properties for inputs and outputs in a blast furnace, it is shown the input 

and output streams conditions for a typical blast furnace. An important highlight is the 

composition of the gas produced (BFG), rich in CO and CO2. 

In Table 2 the results for the BF process from different European plants is presented: 

 

 
Table 2: IPCC values for the BF process. (12) 

Max Min W. Average Unit

Sinter 1621 116 1088 kg

Pellets 972 0 358 kg

Iron Ore 684 0 180 kg

Lime 80 0 257 kg

Coke 512 282 359 kg

Injected Coal 232 0 162 kg

Oil 116 0 30,1 kg

COG 817 0,024 284 MJ

BFG 2287 1,2 1536 MJ

BOFG 259 0,124 213 MJ

Natural Gas 819 0 168 MJ

Oxygen 85,1 0 54,4 kg

Electricity 850 107 268 MJ

Output BFG 6061 3377 4700 MJ

Production Hot Metal kg1000

Input

Raw Materials

Commodity

Blast Furnace

Figure 9: Common properties for inputs and outputs in a blast furnace (40) Figure 7, Material Input and Output in the Blast Furnace
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Table 4: Reactions in the BOF process. 

4.1.3 Steel Making 

 

There are two different processes for steelmaking, the Basic Oxygen Furnace and the Electric 

Arc Furnace. Basic Oxygen Furnace use mainly the iron produced in the Blast, mixed with a low 

share of scrap, while the Electric Arc Furnace use pure scrap to remelt it into steel.  

4.1.3.1 Basic Oxygen Furnace (BOF):  

 

The iron that comes from the blast furnace contains between 4 and 4.5%wt of carbon and 

some sulphur, and other additives (16).  They presence is base in the use of coke and coal in 

the iron making process. The final steel will demand lower quantities of carbon content 

(<1.5%), and extremely low ratios of sulphur or other additives (<0.02%).  

 

In the first stage, the sulphur is removed in the desulphurizing process. The most extended 

method in Europe is based in calcium car bid. A mix of calcium carbide, magnesium and lime is 

added to the hot metal, producing a slag that contains the sulphur (18).  

 

After the desulphurization process the hot metal is transported to the Basic Oxygen Furnace, 

which is a vessel covered with refractory and a lance inside it that inject pure oxygen, from air 

separation plant. The liquid iron plus recycled scrap are introduced in the BOF, forming a hot 

metal bath in the bottom of the vessel. The scrap is added to reduce the temperature of pig 

iron coming from the blast furnace, adding from 10-20% of scrap (16). In addition, this scrap is 

melted without the need of other any energy input than the temperature from pig iron, being 

in fact a very efficient way for scrap recycling.  

 

There are different types of reactors used for Basic Oxygen steel making process. The most 

common is LD-converter (Linz-Donawitz) used for pig iron with low phosphorous content. For 

high content, the process is modified adopting the name of AC/LD-converter (18). In Sweden 

all the BOF Steel Production is made by LD-converter.  

 

Once the hot metal bath is made, oxygen is added so it reacts directly with the carbon present 

in the metal, producing CO and CO2. Those gases will rise through the vessel, and recycled. The 

oxygen also reacts with the other undesirable particles forming the slag. A list is with the main 

reactions in the BOF process is given in Table 4:  

 

 

 

Table 1: Reactions in the BOF process

off-gas

off-gas

slag

slag

slag2P + 5O +3CaO  → 3CaO∙P2O5Dephosphorisation

Carbon elimination
C + O → CO

CO + O  → CO2

Si + O2 + 2CaO  → 2CaO∙SiO2

Manganese Reaction

Desilicolisation

Mn + O  → MnO

Table 3: Reactions in the BOF process (18) 
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In Table 5 there are summarize the typical compositions of the hot metal charged in the BOF 

and the final composition:  

 

 
Table 5: Hot metal and Steel composition (15) 

Figure 10 shows the typical material composition of the input and output streams in the BOF 

process. It can be observed how the off-gas is mainly made of CO (70%). 

 

 

In terms of energy use, the BOF process is almost a source of energy instead of a sink. This is 

due to the large energy released in terms of BOFG. In Table 6 the IPCC values for the process 

are shown.  

 

Table 6: IPCC values for the BOF process. (12) 

Table 2: Hot metal and steel composition

Component %C %Mn %Si %S %P %O

Hot Metal 4,5 0,2-0,3 0,2-1,5 0,02 0,06-0,12 0

Crude Steel 0,05 0,1 0 0,01-0,02 0,01-0,02 0,06

Min Max Unit

Hot Metal 788 931 kg

Scrap 101 340 kg

Lime 30 67 kg

Oxygen 49,5 70 m3

Natural gas 44 730 MJ

COG 0 800 MJ

BFG 1,84 17,6 m3

Electricity 35 216 MJ

BOFG 350 700 MJ

Steam 124 335 MJ

Production Crude Steel kg

Raw Materials

1000

Input

Output

Basic Oxygen Furnace

Commodity

Figure 8: BOF typical material stream flows
Figure 10: Usual properties for inputs and outputs streams in the BOF process (40) 
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4.1.3.2 Electric Arc Furnace (EAF):  

 

The electric arc furnace produces steel by using recycled steel scrap. Scrap is the largest world 

recycling system. The recycling of scrap save energy related to the iron making process. This 

makes the EAF route beneficial since both the economic and the environmental point of view. 

 

The EAF basic equipment consist of a furnace 

shell with a cover on the top, that could be 

moved. There are also three graphite 

electrodes, that could go down toward the 

bottom of the shell. Electrodes allow the 

formation of an electric arc that will provide 

the heat power required in the process. For 

being able to produce the electric arc, the 

steel plant will require some special electric 

equipment. An electrical transformer will be 

needed to transform the electric current from 

25-50KV to 400-1000V required. (15) 

 

Before the scrap is introduced into the EAF, it 

is carefully sorted, since it may content 

various additives. Once the proper scrap is 

selected, it is preheated using natural gas, or 

different off-gases. Then the scrap is charged 

into the EAF together with some limestone, 

which will act as a flux for slag.  

 

When the scrap is introduced into the EAF, the electrodes are lowered toward the scrap and 

the voltage causes an arc to be struck. The EAF will be charged gradually, reducing the 

electricity consumption. The molten scrap immediately becomes into new crude steel. This 

operation is shown in Figure 11.  

 

Table 7 shows the performance for the EAF process in different European plants.  

 

 
Table 7: IPCC values for the EAF process. (12) 

Min Max Unit

Scrap 1039 1232 kg

Hot Metal 0 153 kg

DRI 0 215 kg

Oxygen 5 65 m3

Fuels 50 1500 MJ

Electricity 1454 2693 MJ

Production Crude Steel kg

Electric Arc Furnace

Commodity

Raw Materials

Input

1000

Figure 11: The electric arc furnace (16) 
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4.1.3.3 Continuous Casting 

 

Continuous Casting is the process in which molten steel at a temperature of 1600ºC is 

converted into slabs of manageable size. The process is the same for the EAF and for the BOF 

molten steel produced (16).  

 

The steel is tapped through a nozzle into a tundish. In the tundish, steel will maintain a 

constant level, so the cast process could be continue during the time. The molten steel is 

casted into a water-cooled copper mold, causing a thin shell to solidify. By continuing cooling 

the shell, the steel strand will became fully solidified (15).  

 

Finally, the strand of solidified steel is cut into the desired length, producing 

different kind of products, as shown in Figure 12 :  

 

 Billets: for long products, such as wire.  

 Blooms: for sections such as beams.  

 Slabs: for flat products.  

These products could be storage, or transported to the hot rolling process. 

In Figure 13 shows the continuous casting process. The ladle from the 

EAF/BOF deposits the molten steel in a vessel, creating a bath that will 

continuously feed the process.  

 

 

 

 

In this case the IPCC energy statistics results for the casting process where included in the 

previous steelmaking processes: the BOF and EAF. No explicit results are given for the casting 

process. According to sources, as (21) casting should not be a process which consume more 

than 0.1GJ/tonne of product.  

Figure 10: Continuous Casting Process [4]

Figure 12: Continuous 
Casting products 

Figure 13: Continuous Casting operation (40) 
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4.1.4 Steel Manufacturing 

 

The slabs produced in the Continuous Casting process are excessively large, heavy and thick for 

a reasonable use. Therefore, most of the slabs will be processed in rolling mills to make them 

thinner and lighter, made them suitable for reasonable uses (16). Depending on their final 

purpose, steel products will be firstly hot rolled and optionally cold rolled afterwards.  

 

4.1.4.1 Hot Rolling 

 

The hot rolling process consists of two main operations, reheating of the casted products and a 

later deformation. (12) 

The first step is done in the heating furnaces, where the slabs are heated up to 1250ºC, using 

fuels as the main source of energy. The deformation process is produced in the rolling mills, 

where the slabs are rolled, reducing their thickness and increasing their length.  After rolling, 

millscale is formed on the steel surface, so it has to be cleaned.  

 

In Figure 14 the different operations in the hot rolling process are shown. First slabs are 

reheated, after rolled and finally millscale is removed from the surface.  

 

 

 
Figure 14: Hot rolling process (16) 

Table 8 present the range of values of the EAF process for different European plants. Hot 

rolling and cold rolling process, are included in the IPPC BAT document for the Manufacturing 

processes.  

 

 
Table 8: IPCC values for the hot rolling process (13) 

Figure 12, Hot Rolling Process [3]

Min Max Unit

Fuels 1100 2200 MJ

Electricity 260 500 MJ

Production Hot Rolled products Kg

Input

Hot Rolling

Commodity

1000
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4.1.4.2 Cold Rolling 

 

Cold Rolling process is an umbrella name that contains different finishing process that could be 

applied to the previous hot rolled products. Depending on the type of product deserve, the 

steel from hot rolling will have to go through different processes to reach it required 

properties. Usually cold rolled products, present special properties in terms of thicknesses, 

hardness or superficial properties. 

 

This processes start with the introduction of the steel plates/sheets, from hot rolling, into a 

cleaning process that will eliminate the millscale. Afterwards, they are introduced into a 

Tandem Mill, where a secondary rolling will be developed.  

 

 When rolling again the sheets, they become brittle and hard. This hardness also means that 

the steel result to be fragil. The grains of the structure have become elongated and deformed.  

To reduce the fragility, rolled sheet should be annealed. Heating them into a certain 

temperature, which will make new grains to appear. Share of products will be finally quenched 

and tempered, when more special requirements for hardness are required.  

 

Another common process intro the Cold Rolling operations, is the coating. In this process, 

sheet are introduced into a molten zinc bath getting galvanize properties, increasing their 

resistance to corrosion. Part of these galvanized products could be afterwards painted, in 

order to reach the requirements from customers (16). 

 

In Figure 15, a flowsheet of the different Cold Rolling operations is presented. The tandem mill 

is presented in the left side; afterwards, products could follow the different production path. A 

temperature treatment could be done by quenching and tempering, or instead the products 

could be galvanized.  

 

Figure 13, Cold Rolling Process [3]Figure 15: Cold rolling operations flowsheet (16) 
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In Table 9 the energy use for each of the steps of the cold rolling process is given. Those results 

are presented by the IPCC after analyzing the performance of different plants in Europe.  

 

 
Table 9: IPCC values for the cold rolling process. (13) 

4.1.5 Process flowsheet overview.  

 
In Figure 16, a resume with all the main processes included in the iron and steel process is 

presented.   

 

Even if there are many different steel products, their production route only differs from on to 

the other in the finishing operation of the steel manufacturing stage.  To analyze the 

performance of the industry base on the type of process developed there are two concepts 

used:  

 

 Route share: Is a percentage that represents the total crude steel produced by each of 

the steel making process (BF-BOF and EAF) 

 

 Production mix: Is the percentage of the cold rolling products that are produced after 

the hot rolling process.  

 

 

  

Process Commodity Min Max Unit

Fuel 0,01 0,036 MJ/tonne

Electricity 0,2 0,3 MJ/tonne

Steam 0,01 0,03 MJ/tonne

Natural gas 0,7 1,8 MJ/tonne

Steam 0,1 0,3 MJ/tonne

Electricity 0,15 0,3 MJ/tonne

Tempering Electricity 0,02 0,15 MJ/tonne

Tamdem Mills

Annealing

Cold Rolling

Figure 14: Steel process for different products
Figure 16: Steel production routes for different products (40) 
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4.2 Alternative technologies in the Iron and Steel Industry  
 

Even if the Blast Furnace process is the largest widely use for iron making, different 

technologies are being developed as alternative routes. All this “smelting reduction” 

techniques share the common principle of using coal as the main reducing agent instead of 

coke.   

In the following section, the two alternative technologies with larger implementation will be 

described.  

4.2.1 Direct Reduced Iron 

 

The common principle of Direct Reduced Iron (DRI) is the removal of oxygen from the iron ores 

in the solid state. There are different process for this purpose, the broad of all of them receive 

the name of Direct Reduced Iron. The most common fuel to produce the reduction reaction is 

Natural Gas (in 2000, 92,6% of the process used) (22).  

This technology dates from the 1950’s. During this time, DRI production has increased steadily. 

In year 2008, the technology with largest production share of DRI was MIDREX (accounting for 

58.2% of the total production).  

In Figure 17  a typical installation for DRI production is showed. The ores are charged at the 

top of the furnace. As it descends, oxygen is removed by a counter-flow of reducing gas. This 

reduction gases comes from the reforming of Natural Gas:  

                  

 

 

 

 

 

 

 

The main benefit of using the DRI process is the no longer requirement of producing coke, 

improving environmental and economic results, especially if natural gas is used as the reducing 

agent. Producers claim that the combination of DRI+EAF process will reduce 20-25% CO2 

emissions in comparison with the BF-BOF route. (12) 

  

1. Natural Gas 

2. Iron Ores 

3. Compressor 

4. Scrubber 

5. Off-gas 

6. Air Blower 

7. Gas Reformer 

8. Reducing Gas 

9. Heat Recovery 

10. Reformer Gas 

11. Combustion Gas 

12. Reduction zone 

13. Shaft Furnace 

14. Cooling zone 

Figure 17: DRI process. (22) 
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4.2.2 Smelting Reduced Iron 

 

Smelting Reduction Iron (SRI) is a new a more recent technique to produce pig iron. The first 

SRI plant started operation in 1989, using the COREX technology. Actually, there are COREX 

plants operating in Africa, India, China and South Korea (23).  

The basic principle for the different SRI processes is the use of injected coal (non-coking coal) 

in a vessel similar to the blast furnace. In the COREX process, energy consumption is reduced 

because production of coke is omitted. There are also energy saving due to a lower iron ore 

preparation is required. The COREX process uses agglomerated iron ores which are pre-

reduced by a gas. After, the ores are fully melted in a hot metal bath.  

The rich flue gas generated in the process can be further oxidized in order to generate heat, 

which could be used for the melting of the metal, or producing electricity (22).  

In Figure 18, a typical Smelting Reduction Iron process is showed, differentiation the process 

for the pig iron production.  

 

 

 

 

 

 

 

 

 

 

 

In comparison with the Midrex process, Corex present a larger consumption of specific coal, 
which produce large by-product gases. The overall efficiency of the process is really affected by 
who those gases are recycled within the system. (12) 
 

 

 

 

 

 Non-coking coal 

 Ore 

 Reduction Shaft 

 Reduction Gas 

 Melter Gasifier 

 Dust 

 Export Gas 

 Hot Gas cyclone 

 Cooling Gas 

 Settling pond 

Figure 18: COREX process (22) 
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4.3 Future Technologies for the Iron and Steel Industry  
 

A recent study on the energy use within the iron and steel industry in the European Union 

show how the Blast Furnace, which is the largest energy user in the process, has achieve the 

maximum energy efficiency with the current technology use (12).With the objective of 

developing technologies that can reduce by the 50% the today’s CO2 emissions produced in the 

best steel production routes, 48 European companies have created a consortium to developed 

a R&D initiative called ULCOS. The initiative has also the support of the European Commission. 

Two of the technologies that are being analyzed and tested by ULCOS will be described as 

follows.  

The Top Gas-Recycling Technology (TGR): This technology applies to the blast furnace process. 

The TGR separates the CO2 from the other by-product gases of the BF. The other By-products 

gases that are no CO2, can be recycled into the process using them as reducing agents. The 

already reduced CO2 gas will be removed from the gas blend that leaves the furnace. This 

technology also includes the concept of introducing pure oxygen in the BF instead of air. This 

concept will improve the afterwards separation of gases, as no nitrogen will be introduced in 

the BF.   

The TGR was tested by MEFOS during the year 2007. The results provide a reduction of 25% of 

CO2 emissions in the BF process. However, the elimination of the blast furnace gas will bring 

the need of replace it with other energy sources. The overall impact of the technology in the 

production process is assumed to be between 10-20% (depending on the substitutes used). 

Carbon Capture and Storage Technology (CCS): This technology provide the possibility of 

compressing the CO2 off-gases and for further transporting them to geological formations were 

it will be storage (not contributing to the green house effect). This technology has to be 

implemented together with some other that separates the CO2 from the other gases, such as 

the TGR, as shown in Figure 19 

The introduction of this new technology will suppose an increase in energy consumption due 

to the need for air compression and it further transportation.  However the forecasting results 

from IEA show that CO2 emission from the overall BF-BOF route could be reduced by 75% using 

both technologies together.  

 

 

 

 

 

  

Figure 19: BF with TGR and CCS (12) 



 
34 

4.4 Reference Energy System for the Iron and Steel Industry 
 

The Reference Energy System for the Iron and Steel Industry differs from one country to 

another. Different technologies could be used, being the iron making stage the one that 

present a larger number of alternative techniques.   

In addition, there also exist differences between the raw materials used on each processes, 

main differences could be find in the following processes:  

 Iron Blast Furnace: the iron ore feed to the blast furnace could be presented in form of 

pellets or sinter, being the pelletizing process the one that demand more energy for 

producing.  Both of them supply the iron to the process, but the sinter process also 

recycles the dust, sludge, and part of slag that are generated on the steelmaking site, 

producing more slag that will have to be calcinated afterwards. This properties cause 

that sinter is commonly use worldwide, however, in Sweden the blast furnaces are 

feed by pellets. This is due to the fact that the high iron content in Swedish irons ores, 

reduce the energy consumption and provide better properties to the final steel 

product. (11) 

 Electric Arc Furnace: are usually feed with pure scrap to produce steel. However, there 

exists the option to introduce a share of direct reduced iron in the EAF, to increase the 

production capacity of the EAF route, which depends on the recycling of steel. 

According to the available data of production, importation and exportation of DRI in 

the Swedish Industry (14), the electro steel plants from Sweden use mainly pure scrap 

as feedstock.  

There also exist important differences within the types of fuels used. This CO2 will depend 

directly from the fuels used in the process. The decision of which kind of fuel to use depends 

on the availability, price and taxation of them for each country. For example, natural gas is 

widely use in the worldwide industry, however the use of natural gas in Sweden represents 

less than the 2% of the energy use by the industry.  

In Figure 20, the RES for the Iron and Steel Industry is shown.  

Figure 20: IEA RES for the Iron and Steel Industry (38) 
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5 SYSTEM ANALYSIS  

5.1 Iron and Steel Industry in Sweden 
 

An initially approach to the Swedish iron and steel industry will be developed in the following 

sections, in order to indentify the main production routes, the steel plants and the types of 

fuel used. In addition an overall impression of the energy efficient achieves during the last 

years will be presented.   

 

5.1.1 Energy Use by the Iron and Steel Industry 

 

The Iron and Steel has a high intensive use of materials and energy. The Steel Industry is the 

second largest energy user in Sweden. According to the International Energy Agency, it 

represents the 15% of the total energy consumed by the industrial sector. Comparing with the 

Final Energy Use result from Sweden, the Iron and Steel Industry will still represent a share of 

the 6%.  

Table 10 shows the energy use by the Iron and Steel Industry, comparing it with the result for 

the Industrial Sector and the Final Energy Use in the country. It could be observed that the 

share of energy use for the Iron and Steel Industry has remain constant during the years, with 

the exception of the year 2009, where the prediction level were dramatically reduced, due to 

the world crisis.  

 

Most of the steel production processes required high energy use. For that reason, production 

plants use high-value energy carriers: coal, oil, gas, or electric power. The use of this high-value 

energy carriers result as of the main reasons for the large energy use by the industry sector.  

 

 

 

 

Table 3: Energy use in the Swedish Iron and Steel Industry, based on data from Eurostat. 

2005 2006 2007 2008 2009 2010

TJ 1404841 1387408 1392902 1359647 1318619 1441748

TJ 525740 527240 532420 511050 462710 527430

% 37% 38% 38% 38% 35% 37%

TJ 85640 78193 81189 77435 47653 66512

% 6% 6% 6% 6% 4% 5%

Final Energy Consumption

Final Energy Consumption by ISI

Final Energy Consumption by Industry

Table 10: Energy use in the Swedish Iron and Steel Industry 



 
36 

In Figure 21 is showed how the use of oil, gas and electricity, has been remain relatively 

constant during the last ten years. Only a minor increase in the use of light petroleum gases 

together with a reduction of oil (24).  

 

 

 

 

 

 

 

 

5.1.2 Iron and Steel Producers in Sweden 

 

Worldwide steel production could be divided into two major process routes. And each of them 
is developed in a different plant type:  
 

 The BF/BOF route, carry out in the integrated plants.  

 The EAF route, carry out in the electro steel plants.  

Table 11 shows the total production of steel in Sweden, giving also the related share of 
production for each of the routes. 5 
 

 
 

In Sweden, the BF/BOF route represents around the 66% of the total production, while the EAF 
route while account for a total of 34%. Crude Steel is produced in twelve plants; ten of them 
are base their production on scrap. The remaining two plants, are iron ore based integrated 
steel plants. There is also an iron powder plant using Direct Reduced Iron technology.  
 
In addition to the steel production plants, there exist also sixteen plants in Sweden, with only 
steel manufacturing operations: hot rolling, cold rolling or finishing operations.  
 

                                                             
5 DRI production is included in the EAF route, as it will include a EAF facility 

Table 4: Total steel production in Sweden by route, based on world steel association year book statistics. 

2005 2006 2007 2008 2009 2010

 ktonnes 5,723 5,466 5,673 5,164 2,804 4,846

% 68,6% 65,6% 66,1% 65,6% 65,5% 68,7%

% 31,4% 34,4% 33,9% 34,4% 34,5% 31,3%

Crude Steel Production

Iron from Blast Furnace

Iron from Electric Arc Furnace

Figure 21: Energy carriers use in Sweden 

Table 11: Total steel production in Sweden 
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The location of the production plants could be observed on Figure 

22, using blue color for EAF, red color for BF/BOF and yellow for DRI 

(24). 

There are over twenty steel companies in Sweden. Most of them 

focus on getting specialized within different areas, producing highly 

finished steel products. Some of the Swedish companies are leaders 

in their following areas of production. The ones which will be 

included in the project are leaders in the following areas:  

 Sandvik is one of the largest producers for seamless tube of 

stainless steels.  

 Höganäs is the largest producer for iron powder.  

 SSAB is the largest for high strength commercial steel.  

 

5.1.3 Energy Efficiency in the Iron and Steel Industry 

 

During the past years, the industry has increase attention to more efficiently use of energy 

processes (25). The high energy use in the industry, also involves a high CO2 emissions, as it is 

use raw materials with high carbon content: coal, coke, limestone, and also an intense use for 

electricity is required. Improvements of energy efficiency will reduce energy use, causing a 

lower environmental impact and increasing the economic profitability.  

According to the Swedish Steel Producers Association, the use of energy and CO2 emissions 

were reduce a 20% during, from the 1990 to the 2006. This situation is showed in Figure 23. 

 

 

 

 

 

 

 

 

 

Considering the energetic importance of the Steel Industry in Sweden, it is obvious that a small 

efficiency improvement will involve into large energy savings. Our purpose will be to quantify 

the potential energy and CO2 emissions savings in the Industry, by compare the energy results 

from the year 2006, with the results presented by the Best Available Techniques literature.   

Figure 22: location of steel 
plants 

Figure 23: efficiency improvments in the Swedish Iron and Steel 
Industry 
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5.2 Mapping Energy Flows in the Swedish Iron and Steel Industry 
 

After our initial approach to the Swedish iron and steel industry, this chapter will focus on 

mapping the energy results from different plants, detailing the energy consumption for each of 

the process.  

As explained in the methodology chapter, our main source of information, in order to succeed 

in our objective, are the environmental reports from the production plants. These reports 

sometimes not so detailed, and therefore, the feedback of different industry experts will be 

required.  

 

As it could be observed in Table 12, the results from the EAF route, are going to be based on 

just one plant performance. For this reason, the final part of this chapter will be devoted to 

contrast the results from the plants performance with the national energy statistics of 

Eurostat.  

 

5.2.1 BF-BOF route: integrated plants from SSAB.  

 

The BF-BOF route, represent the majority of the steel produced in Sweden, accounting for two 

thirds of the national production. This production is done within the SSAB plants. SSAB is a 

leading company which manufactures high strength and quenched steels. His production is 

located in Sweden and the States. The production plants in Sweden, Lulea and Oxelösund, 

produce steel based on the Blast Furnace-Basic Oxygen Furnace route.  

Both plants produce slabs by continuous casting, but only the one in Oxelösund includes steel 

manufacturing operations, converting part of the slabs produced into plates. The rest of the 

Oxelösund production together with the Lulea’s production will be carried to the rolling mills in 

Borlänge, where the slabs will be transformed into hot or cold rolled sheets.  

In the following section, main results from energy use in the steel plants will be provided. 

There will be also a description of energy intensive use for each of the internal process in the 

plants.  

 

SSAB is a leading manufacturer of high strength 

Total Production of Steel 5466

BF-BOF Route 3585

Electric Route 1881

EAF- DRI Production 293

EAF- Scrap Production 1588

34%

16%

84%

3

1

2

Share of production analyzed

76%

100%

31%

100%

18%

ktonnes 
Number of plants 

analyzed 

6

3

Share of production

1

66%

Table 12: share of total production analyzed 
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5.2.1.1 Oxelösund 

 

Main data for the production and use of energy in the Oxelösund plant will be list below in the 

Table 13: 

 

Table 13: Production and Consumption in Oxelösund plant (26) 

 

In Table 13 the total production of By-product gases is included. However, these gases should 

not be considered as a net output from the plant. Part of them, will be reused as fuel for the 

internal process, and some other will be used as the fuel input for a combined heat and power 

plant. The ones not used in any of the above mentioned process, will be flared. This power 

plant will produce electricity which will be used in the internal processes, and also district 

heating (steam) that will be sold to the external market.  

In order to provide a better understanding of the interactions within the internal and the 

external process in an integrated steel plant, the following picture will represent the energy 

use in the Oxelösund plant. Energy use is given for each of the internal process, distinguishing 

between the different energy carriers in the plant.  

In the picture, it could be observed how the by-product gases, the coke oven gas (COG), the 

blast furnaces gas (BFG) and the basic oxygen furnace gas (BOFG), are distributed within the 

three processes explained before: production, power generation or flaring. A part of them will 

have to be flare, which happened with the totally production of BOFG, as Oxelösund plant 

does not have a recovery system for this gas. And finally, the rest of the production gases will 

be used in a combined heat and power plant which will produce mainly district heating and 

electricity. The total amount of electricity produce for internal use will represent almost the 

40% of the total use.  

Coke 440,0 Pellets 1811

Pig Iron 1324,8 Coke 42,6

Crude Steel 1530,3 Coal for Coke 619,6

Slabs 1393,8 Coal for injection 146

of which manufactured 639,5 Lime 110,7

Plates 609,0 Scrap 285,6

Hard Steel 141,0

Rolled Products 750,0

COG 3898,0 Heating Oil 584

BFG 7506,0 Electricity 743

BOFG 935,0 LPG (propane) 30

Production

ktonnes

TJ

Material Consumption

ktonnes

Energy Consumption

TJ
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Figure 24: model for the Oxelösund Plant, the results for the performance of the plant are 

shown. In the picture, the consumption of materials and energy is given by tone of slab, which 

is assumed to be the main product of the plant.   

In order to get results that could be compare with other plants and other studies related to the 

energy use in the Iron and Steel Industry, we will calculate the energy use per ton of product 

produced in each of the internal processes and also considering the material input needed 

between them.  

In Table 14 it is showed the calculations for the material factors of the main products that 

belong to the process6:  

 

Table 14: material factor for the Oxelösund plant 

                                                             
6
 When there exist different outputs in a process, several MF bases could be used, depending in the 

reference product selected.  

Process Product Ktonnes/year MF slabs base MF Plate base MF Hard base

Coking Process Coke 440,0 0,3 0,3 0,3

Pig Iron 1324,8 1,0 1,0 1,0

Crude Steel 1530,3 1,1 1,2 1,2

Continouos Casting Slabs 1393,8 1,0 1,1 1,1

Hot Rolling Plates 609,0 1,0 1,0

Cold Rolling Hard Steel 141,0 1,0

Iron Making

Material Factor

Figure 24: model for the Oxelösund Plant 
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In Table 15, the detailed information for each of the process will be shown. The results will be 

given in two formats, the year basis and the specific energy use for each process according to 

the product they are producing.  

Ktonnes/yr TJ/yr tonnes/tdc GJ/tdc

Input Coal for Coking 619,6 1,41

COG 1403,3 3,19

BFG 715,3 1,63

Electricity 18,6 0,04

Output COG 3898,0 8,86

Production Coke 440,0 1,0

Ktonnes/yr TJ/yr tonnes/thm GJ/thm

Input Pellets 1811,0 1,4

Briquettes 113,1 0,1

Lime 55,4 0,0

Coke from Coking 13640,0 10,30

Buyed Coke 1320,6 1,00

Injection Coal 4015,0 3,03

COG 818,6 0,62

BFG 2025,1 1,53

Oxygen 189,2 0,14

Electricity 112,9 0,09

Output BFG 7506,0 5,67

Production Pig Iron 1324,8 1,0

Ktonnes/yr TJ/yr tonnes/tcs GJ/tcs

Input Scrap 285,6 0,2

Lime 55,4 0,0

COG 116,9 0,08

Oxygen 283,7 0,19

Electricity 126,3 0,08

Output BOFG 935,0 0,61

Production Crude Steel 1530,3 1,0

Ktonnes/yr TJ/yr tonnes/ts GJ/ts

Input Heating Oil 36,7 0,03

Electricity 10,4 0,01

Production Slabs 1393,8 1,0

Ktonnes/yr TJ/yr tonnes/thr GJ/thr

Input LPG 30,0 0,04

Heating Oil 525,6 0,86

COG 561,3 0,92

Electricity 93,6 0,15

Production Plates 609,0 1,0

Ktonnes/yr TJ/yr tonnes/tcr GJ/tcr

Input COG 467,8 3,32

Electricity 74,3 0,53

Production Hard Steel 141,0 1,0

Commodities

Cold Rolling 

Commodities

Steel Making

Commodities

Continuous Casting

Commodities

Hot Rolling 

Coking Process

Commodities

Iron Making

Commodities

Table 15: Energy Analysis for the Oxelösund Plant 
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5.2.1.2 Lulea 

 

The Lulea Integrated Steel Plant, is one of the most energy efficiently steel plants worldwide. 

This mainly due to the high performance of the blast furnace, this is the major consumer of 

energy within the process. 

In addition, the Lulea plant has a BOFG system recovery which involves for a better global 
efficiency of the process, in comparison with the Oxelösund Plant. In this occasion the power 
plant that receive the by-product gases, will be owned by a different company: Lulekraft, who 
will transform them into electricity and district heating. The district heating produce, offers the 
possibility of heating more than 40000 households.  
 

Figure 25 presents a schematic diagram of how the by-product gases are distributed in the 
plant, and how Lulekrat interact with the steel plant.   
 
 

 
 
In Table 16, the main results for the Lulea plant are presented:  
 

 

Table 16: Production and Consumption in Lulea plant (27) 

Coal for Coking 944,7 Coke 740,6

Injection Coal 318,6 Pig Iron 2071,0

Pellets 3071,3 Crude Steel 2206,0

Add coke 16,9 Slabs 2018,5

Lime BF 68,3 COG 5841,0

Lime BOF 68,5 BFG 8862,8

Scrap 368,2 BOFG 1840,5

Briquttes BF 132,5

Electricity 1280,9

Gasoil 40,8

Oil 17,7

Diesel 61,2

TJ

Consumption

ktonnes

Production

Steel Process (ktonnes)

Product gases (TJ)

Figure 25: By-products gases distribution in Lulea plant (16) 
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In this case, only slabs are produced as the output product of the process. The material factors 

could be calculated as follows in Table 17:  

 

Table 17: material factors for the Lulea plant 

 

Final energy use of each process is presented in the Table 18:  

 

Table 18: Energy Analysis for the Lulea plant 

  

Process Product Ktonnes/year Material Factor

Coking Process Coke 740,6 0,4

Iron Making Pig Iron 2071,0 1,0

Steel Making Crude Steel 2206,0 1,1

Continuous Casting Slabs 2018,5 1,0

Material Factor

Ktonnes/yr TJ/yr tonnes/tdc GJ/tdc

Input Coal for Coking 944,7 1,3

COG 3101,0 4,19

Electricity 48,2 0,07

Output COG 5841,0 7,89

Production Coke 740,6 1,0

Ktonnes/yr TJ/yr tonnes/thm GJ/thm

Input Pellets 3071,3 1,5

Briquettes 132,5 0,1

Lime 68,3 0,0

Coke from Coke 22958,6 11,09

Buyed Coke 523,9 0,25

Injection Coal 8761,5 4,23

COG 1647,0 0,80

BFG 2237,0 1,08

Oxygen 491,1 0,24

Electricity 293,2 0,14

Output BFG 8862,8 4,28

Production Pig Iron 2071,0 1,0

Ktonnes/yr TJ/yr tonnes/tcs GJ/tcs

Input Scrap 368,2 0,2

Lime 68,5 0,0

COG 311,0 0,14

Oxygen 736,7 0,33

Electricity 328,0 0,15

Output BOFG 1840,5 0,83

Production Crude Steel 2206,0

Ktonnes/yr TJ/yr tonnes/ts GJ/ts

Input Gasoil 40,8 0,02

Diesel 61,2 0,03

Electricity 27,0 0,01

Production Slabs 2018,5 1,0

Steel Making

Commodities

Continuous Casting

Commodities

Coking Process

Commodities

Iron Making

Commodities
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5.2.1.3 Borlänge 

 

The Borlänge’s plant of SSAB is the responsible for the steel manufacturing of more than 

2.2Mtons of slabs received from the integrated steel plants. These slabs are transformed in 

five different products according to the market requirement. Each product will follow it own 

path within the production process.  

The different products of the plant are listed in Table 19:   

 

Table 19: Production in Borlänge plant. (28) 

The energy distribution between the processes of the plant is presented in Table 20 :  

 

Table 20: Energy use in Borlänge plant. 

As we are not considering each of the Cold Rolling operations by themselves in our analysis, a 

weighted average between the energy use in each of them and their production should be 

developed in order to provide energy intensive values that could be further compare. 

According to the results shown before, the energy intensive value for each of the processes is 

presented in Table 21.  

 

Table 21: Energy Analysis in Borlänge Plant. 

Hot Rolled sheets 727

Cleaned sheets 700

Annealed sheets 521

Coated sheets 423

Painted sheets 129

 Final Production

ktonnes

Material processed Electricity Oil LPG

ktonnes GJ/tonne GJ/tonne GJ/tonne

Hot Rolling 2527 0,32 0,87 0,78

Cleaning 1800 0,04 0,00 0,09

Tandem Rolling 1073 0,25 0,00 0,00

Annealing 521 0,27 0,00 1,00

Metal Coating 552 0,49 0,00 0,47

Painting 129 0,22 0,00 1,11

Process

Ktonnes/yr TJ/yr tonnes/thr GJ/thr

Input LPG 2081,3 0,78

Heating Oil 2319,7 0,87

Electricity 846,9 0,32

Production Plates 2661,1 1,0

Ktonnes/yr TJ/yr tonnes/tcr GJ/tcr

Input LPG 1156,7 0,61

Electricity 879,5 0,46

Production Hard Steel 1899,0 1,0

Hot Rolling 

Commodities

Cold Rolling 

Commodities
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By the analysis of the three SSAB plants, the BF-BOF route in Sweden has been completely 

analyzed. In Table 22 it is shown the overall results for the route.   

Lulea Oxëlosund Börlange Total

Coking Process GJ/tdc GJ/thr

Product Coke 740,6 440,0 1180,6

Input Coal for Coking 944,7 619,6 0,0 1564,3 1,33 0,48 Coal for Coking

COG 3101,0 1403,3 0,0 4504,3 3,82 1,38 COG

BFG 0,0 715,3 0,0 715,3 0,61 0,22 BFG

Electricity 48,2 20,1 0,0 68,3 0,06 0,02 Electricity

Output COG -5841,0 -3898,0 0,0 -9739,0 -8,25 -2,98 COG

Blast Furnace GJ/thm GJ/thr

Product Pig Iron 2071,0 1324,8 0,0 3395,8

Input Pellets 3071,3 1811,0 0,0 4882,3 1,44 1,49 Pellets

Briquettes 132,5 113,1 0,0 245,6 0,07 0,08 Briquettes

Lime 68,3 55,4 0,0 123,7 0,04 0,04 Lime

Coke from Coke 22958,6 13640,0 0,0 36598,6 10,78 11,19 Coke from Coke

Buyed Coke 523,9 1320,6 0,0 1844,5 0,54 0,56 Buyed Coke

Injection Coal 8761,5 4015,0 0,0 12776,5 3,76 3,91 Injection Coal

COG 1647,0 818,6 0,0 2465,6 0,73 0,75 COG

BFG 2237,0 2025,1 0,0 4262,1 1,26 1,30 BFG

Oxygen 491,1 204,6 0,0 695,7 0,20 0,21 Oxygen

Electricity 293,2 122,1 0,0 415,4 0,12 0,13 Electricity

Output BFG -8862,8 -7506,0 0,0 -16368,8 -4,82 -5,01 BFG

Basic Oxygen Furnace GJ/tcs GJ/thr

Product Crude Steel 2206,0 1530,3 0,0 3736,3

Input Scrap 368,2 285,6 0,0 653,8 0,17 0,20 Scrap

Lime 68,5 55,4 0,0 123,9 0,03 0,04 Lime

COG 311,0 116,9 0,0 427,9 0,11 0,13 COG

Oxygen 736,7 306,8 0,0 1043,5 0,28 0,32 Oxygen

Electricity 328,0 136,6 0,0 464,5 0,12 0,14 Electricity

Output BOFG -1840,5 -935,0 0,0 -2775,5 -0,74 -0,85 BOFG

Continuous Casting GJ/ts GJ/thr

Product Slabs 2018,5 1393,8 0,0 3412,3

Input Light Fuel Oil 40,8 36,7 0,0 77,5 0,02 0,024 Light Fuel Oil

Diesel 61,2 0,0 0,0 61,2 0,02 0,019 Diesel

Electricity 27,0 11,2 0,0 38,3 0,01 0,012 Electricity

Hot Rolling GJ/thr GJ/thr

Product Plates/Sheets 0,0 609,0 2661,1 3270,1

Input Light Fuel Oil 0,0 525,6 2202,8 2728,4 0,83 0,83 Light Fuel Oil

LPG 0,0 30,0 2202,8 2232,8 0,68 0,68 LPG

COG 0,0 561,3 0,0 561,3 0,17 0,17 COG

Electricity 101,2 804,2 905,4 0,28 0,28 Electricity

Cold Rolling GJ/tcr GJ/thr

Product Final Products 0,0 141,0 1899,0 2040,0

Input COG 0,0 467,8 0,0 467,8 0,23 0,23 COG

LPG 0,0 0,0 3065,1 3065,1 1,50 1,50 LPG

Electricity 0,0 80,3 1586,3 1666,6 0,82 0,82 Electricity

Material ktonnes/year Material

Energy TJ/year Energy

Average Intensive Value

tones/tone product

GJ/tone product

Table 22: BF-BOF route results. 
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5.2.2 Rest of the plants Analyzed: DRI and EAF route 

 

In this section, the rest of the steel production of Sweden will be analyzed. However due to the 

lack of information, the results could present a considerable deviation from the real 

performance.  Sandvik plant results will be used as the reference values for the EAF route, 

which will afterwards be adjusted using Eurostat results.  

The internal process from the Höganäs plant will not be considered, as they are not part of our 

system analysis. However, the overall energy results from the plant will be very useful when 

using the Eurostat statistics.  

5.2.2.1 Electro Steel Plant from Sandvik 

 

The Electro Steel Plant from Sandvik is the largest producer 

of steel using the EAF route. In Sweden a total of 

1.6Mtonnes of steel are through the electric rout, and 

Sandvik accounts for the 18% of the total production.  

Sandvik plant, develop many different kinds of processed 

steel. The most common ones are billets and blooms. 

However very wide range of quality for their sold products, 

giving to some of them extremely high properties. Those 

one will require the use of special techniques to be produce, 

like the high frequency furnace or the vacuum arc remelting. 

Figure 26 shows how these processes are distributed along 

the production line in Sandviken. 

Based in our limited source of information, there will not be 

any possibility to differentiate between the energy 

distributions for this special process. Therefore, the energy 

used in these special processes will be included in the 

normal ones.   

The overall production from the plant is showed in Table 23: 
Energy use in Sandvik plant  

  

 

 

 

 

 

Figure 26: Sandvik production line (41) 

Table 23: Energy use in Sandvik plant. (39) 

Quantity Unit

Gasoil 966 m3

Gasoline 117 m3

Oil 1 3235 m3

Oil 5 3181 m3

Gas / Propane 22723 tones

Electricity 707609 MWh

District 15084 MWh

Total energy content plus Vehicle fuel 1080 GWh

It has been devoted to local heating 198 GWh

Energy use by energy carrier
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The detailed distribution of energy for each of the process considered in our analysis is shown 

in Table 24:  

 

Table 24: Energy Analysis in the Sandvik Plant. 

Cold Rolling Intensive Energy Use is pretending to be higher than expected. E.Worrell in his 

article for the Best Available Energy Intensive Use for the Industrial Sectors (21), present a 

energy use in the Cold Rolling process of 1GJ/tonne of product.  

However, as explained in (11), the production of Cold Rolled products in Sweden is much larger 

than the worldwide average, due to the fact that most companies are focusing in being leaders 

for extra hard steel. For producing these products, additional power has to be supplied to the 

rolling mill in forms of electricity.   

Ktonnes/yr TJ/yr tonnes/tcs GJ/tcs

Input Lime 24,33 0,08

Scrap 285,50 0,90

Alloys 67,78 0,21

Diesel 0,12

LPG 0,73

Coal 0,22

Electricity 2,33

Production Crude Steel 316,96 1

Ktonnes/yr TJ/yr tonnes/tcs GJ/ts 

Input Crude Steel 316,964 1,04

LPG 22,57 0,08

Oil 21,25 0,07

Electricity 23,04 0,08

Production Slabs 303,85 1

Ktonnes/yr TJ/yr tonnes/tcs GJ/tcs

Input slabs or lingots 303,85

LPG 203,14 0,70

Oil 191,22 0,66

Electricity 207,36 0,72

Production Hot Rolled 289,38

Ktonnes/yr TJ/yr tonnes/tcs GJ/tcs

Input Hot rolled products 129,99

LPG 79,29512 0,61

Electricity 882 6,79

Production Cold Rolled 129,99

Commodities

Continuous Casting 

Electric Arc Furnace

Hot Rolling

Cold Rolling

Commodities

Commodities

Commodities
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5.2.2.1 Direct Reduced Iron Plant from Höganäs 

 

Höganäs plant is the only Swedish producer accounting for Direct Reduced Iron production. 

Even if the production is not relevant in terms of size, the use of natural gas as the main 

reducing agent in the production of crude steel will result to be a situation that will have to be 

considered in order to be able to perform the energy reference system for the Iron and Steel 

Industry.  

The production of the plant is shown in Table 25, giving the total use of energy from the DRI 

route.  

 

Table 25: Production and Energy use in the DRI route. (29) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy Carrier TJ/year Product ktonnes/y

Electricity 858,92 Sponge Iron 122,68

Natural gas 1152,68 Steel Powders 293,02

Diesel 0,38

Fuel Oil 0,46

Energy Use DRI route production
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5.3 Assumptions made in the analysis of the plants  
 

During the analysis of the environmental reports, some assumptions were made to get the 

detailed distribution of energy within all of the internal processes analyzed.  

Oxelösund Plant 

During the analysis of the Oxelösund plant environmental report there was no need to bring 

forward a large number of assumptions. General understanding of the plant process and 

materials flows was achieved by the feedback received from M. Larsson and C.Wang, senior 

researchers in Swerea Mefos.  

The main uncertainty of the process is the tonnes of oxygen produced to feed the BF and BOF 

processes. The environmental report includes the total energy use in the oxygen works, but 

not the oxygen production.  

In order to calculate the oxygen that gets into the process, it will be needed to estimate how 

the process works. Using information available in (12) a typical integrated plant using 206MW 

of electrical power, spends 42MW in oxygen production. With the oxygen requirements from 

the BF and BOF processes (Table 2 and Table 6), assuming a total production of 3Mtonnes of 

hot metal with a operation time of 120days/year and using the value of 0.75m3/kg as the 

specific volume for O2 (30), the energy use for producing one tonne of oxygen can be 

calculated as 1.02 TJ/tonne.  

 

Lulea Plant 

The report of the Lulea plant was in line with the Oxelösund plant, and therefore, the almost 

the total energy distribution for the processes was found. However, there was a lack of 

information in terms of electricity distribution. Total electric power was given, but not its 

distribution within the process.  

As both plants are owned by the same company and basically consist of the same processes, 

the distribution of electricity from Oxelösund was used to estimate the electricity distribution 

in Lulea. Both plants present the coking process, iron making, steel making, and oxygen works. 

The percentage of electricity use in Oxelösund for this processes, was used to estimate the 

share from the total electricity that this processes should represent in the Lulea plant, as 

shown in Table 26. 

 

 

 

 

Process Oxëlosund Lulea

Coking Process 2,50% 3,77%

Iron Making 15,20% 22,89%

Steel Making 17,00% 25,60%

Continuous Casting 1% 2,11%

Oxygen works 26,30% 39,61%

Others 4,00% 6,02%

Accountig for: 66,40% 100,00%

Table 26: Electricity distribution for Lulea plant 
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The previous assumption will provide us the assumed electricity used to produce oxygen. 

Using the same assumption made for the Oxelösund plant, the oxygen that goes into the 

system could be calculated.  

Borlänge Plant 

The environmental report from the SSAB Borlänge plant includes the detailed energy used for 

each of the internal operations of the plant. In order to understand which operations were 

related to each of the internal processes of the system, and how to make an interpretation of 

the material flow, the advice of M. Larsson was required.  

Sandvik Plant 

The Sandvik plant environmental report presents not a so detailed energy distribution within 

the processes of the plant. There exist some uncertainties related to the material flows and 

also to the energy distribution. 

The material production data gives only information related to the crude steel production and 

finished products.  Crude steel is produced in the EAF, afterwards is casted and finally 

manufactured, producing the final products.  The production of crude steel is 9% above the 

production of finish products; this date is related to the material losses within the casting 

process and the manufacturing process. In the calculations it has been assumed a 4.5% of 

losses for each of the processes (which means, a material factor of 1.045 for casting and 1.9 for 

the EAF).  

The environmental report provided information about the overall energy use per carrier, and 

the electricity distribution for each of the processes. However, there is no detailed information 

related to the use of fuels within the processes. To provide the detailed energy use on each 

process some assumption had to be done.  

In order to make a first approach to the energy use, the energy intensive results from the 

Oxelösund plant for the hot rolling and cold rolling process were used in the Sandvik plant. 

After, the overall results for each process were balance in order to get the known energy use 

per carrier.  This process is shown in Table 27: 

 

Table 27: Assumed energy use in Sandvik plant. 

In addition there is also no information about the oxygen consumption. The electricity use in 

the oxygen production process should be included into “others”. Based on literature data, it 

will be assumed the same specific use of oxygen in the EAF process as in the one in the BOF.  

Crude Production Hot Working Cold Working Others
Known energy use per 

carrier (TJ)

Diesel 37,9 37,9

Oil 212,5 212,5

LPG 230,1 225,7 79,3 535,1

Electricity 738,0 230,4 882,0 697,0 2547,4

Coal 71,2 71,2

Assumed final energy 

per process (TJ)
1077,2 668,6 961,3 697,0
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5.3.1 Accuracy of the results presented 

 

Based on the assumptions that were needed to take during the analysis of the system, the 

result for the system will present some uncertainties.  

Most of the environmental reports, present the overall energy consumption of the plant, and 

therefore, the overall results for each of the production routes should be close to the reality. 

However, distribution of fuels and electricity was not always include, which suppose a not 

completely knowledge for each of the internal processes of the plants.  

A special mention should be included for the oxygen input. Steel plants usually include their 

own oxygen production process, not needing to buy oxygen from outside. However, not all of 

the plants environmental reports detail the energy use for this purpose, including oxygen 

works in the energy use chapter of “others uses”.  

In Table 28 a summary with the assumptions that were included in the analysis results is given. 

The estimated error represents a qualitative value, based on the method use to make the 

assumption, and the comparison of the result obtained with the IPCC results.  

 

 

Table 28: Accuracy of the system analysis results. 

The main conclusion from the table, is that most of the assumptions done suppose 

considerable uncertainties. However, those values do not have a large effect on the overall 

energy performance of the plants.    

  

Observations
Estimated 

error
Observations

Estimated 

error
Observations

Estimated 

error
Observations

Estimated 

error

No comments n.a.

Assumed values for 

the  oxygen input to 

the system, based on 

literature

± 50%  (Oxygen 

accounts for the 

3% of material 

input)

No comments n.a. No comments n.a.

No comments n.a.

Assumed values for 

the  oxygen input to 

the system, based on 

literature

± 50%  (Oxygen 

accounts for the 

3% of material 

input)

Assumed values 

for electricity 

distribution based 

on Oxelösund 

performance

± 15% in 

distribution 

(electricity 

represents 4% 

of the plant 

total energy 

use)

No comments n.a.

No comments n.a. No comments n.a. No comments n.a. No comments n.a.

Assumed values 

for casted 

products, based 

on literature

± 10% (affect to 

Casting 

process, which 

accounts for 

the 3% of the 

total plant 

consumption)

Assumed values for 

oxygen input. 

Electricity use in 

oxygen work not 

detailed. Value 

based on literature

± 50%  (Oxygen 

accounts for the 

3% of material 

input)

No comments n.a.

Assumed valuesfor 

fuels distribution, 

based on 

Oxelösund 

performance and 

also balanced. 

± 15%

Material Flow Use of Raw Materials Use of Electricity Use of Fuels

Complete Incomplete

Incomplete Complete

Complete Complete Complete Complete

Complete Incomplete Complete Complete

Oxelösund 

Plant

Lulea Plant

Borlänge Plant

Sandvik Plant

Complete Incomplete

Incomplete Incomplete
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5.4 Adjusting the results for the Electric Arc Furnace route 
 

After mapping the energy flows from the SSAB AB plants, it was possible to present the overall 

results for the BF-BOF route, as all the production share was involved in the analysis. However, 

for getting to the results of the EAF route, some assumption will have to be done as there is 

only available information from one plant.  

To get the final energy use by the EAF route, we will use the available information from the 

plants, comparing it with the yearly energy statistics provided by Eurostat. This process will be 

done in 3 different stages:  

 Finding the correct national energy balance for the ISI in Sweden for the year 2006 

 Discounting the BF-BOF route from the energy use in the balance.  

 Discounting  the DRI route from the energy use in the balance.  

After those three stages the energy left in the balance will account for the energy use in the 

EAF route.  

 

5.4.1 National Energy Balance  

 

The first step is to identify properly the statistics numbers that are related to the system that is 

being analyzed. For this purpose, it will necessary to explain the background of the Eurostat 

statistics, and to which kind of operations are they referred.  

Eurostat make a summary for the energy use in every country belonging to Europe. Energy 

results could be obtained for many different categories, and each of the categories will contain 

different classes of process. For carrying out our study, we will need the results from the Iron 

and Steel class, which could be found into the category of manufacturing process.  

According to the International Standard Industrial Classification of all Economic Activities (31), 

Iron and Steel will include class includes:  

 

 Operation of blast furnaces, steel converters, rolling and finishing mills. 

 Production of pig iron and spiegeleisen in pigs, blocks or other primary forms. 

 Production of ferrous products by direct reduction of iron  

 Production of steel in ingots or other primary forms. 

 Remelting of scrap ingots of iron or steel. 

 Manufacture of hot-rolled and cold-rolled products of steel. 

 

This class does not include:  

 

 Operation of Coke Oven Plants. 

 Production of Pellets or Sinter.  
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In Table 29 is presented the Eursotat national energy balance for the Iron and Steel Industry, 

during the year 2006. The table will present the final energy use in the industry sector, for the 

existing energy carriers. Energy units are Terajoules (TJ): 

 

 

 

 

 

 

 

 

 

The results in Table 29 do not correspond with the previous results obtained when mapping 

the energy flows, for example:  

 By-product gases are presented as an input to the process, when our analysis consider 

them as an output of the system, that in some cases and in some quantities could be 

recycled to the process, but with a negative net value as them will be an output.  

 

 Moreover, our energy analysis is not considering the coke produced by the integrated 

steel plants in their coke ovens as an input to the process. Internal coke is considered a 

commodity. Only added coke should be considered an input to the overall process, 

and as we have analyzed before, added coke represent a little share from the total 

coke used.   

This is due to the fact that Eurostat statistics do not include all or any of the result produced by 

the performance of coke ovens and blast furnaces in the Iron and Steel Industry category. 

Results from coke ovens and blast furnaces are presented in differently sections.  

According to the boundaries of our analysis, these results should be included in the balance for 

the industry. If not it would be impossible to compare the results from the plants with the ones 

presented by Eurostat.  

 

 

 

35,376

Hard Coal 13,806

Coke 21,57

14,355

LPG 8,418

Diesel Oil 0,937

LF Oil 5

Petroleum Coke 0

9,428

Natural Gas 1,249

COG 3,736

BFG 4,443

BOFG 0

19,033

78,193

Petroleum Products

Gases

Electricity

Final Energy Use (PJ/year)

EUROSTAT 2006 SWEDEN Iron & Steel

Solid Fuels

Table 29: Energy use in the ISI from Eurostat. (4) 
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Table 30 shows the addition of Coke Ovens and Blast Furnaces results, to the previous results 

obtained for the ISI.  

 

 

Table 30: Aggregated results for the ISI from Eurostat. 

 

This correction has lead to the following improvements: the net balance for the by-product 

gases is now negative (as expected) and coke use represents a small fraction comparing with 

coke (as expected), however it entails a large average energy intensive use.  

 

The energy balance provides a Final Energy Use in the Iron and Steel Industry of 107.8 TJ. The 

total production of steel in Sweden for the year 2006, was 5.46 tons of rolled products.  This 

produced that the average energy intensive value for producing one ton of steel, is 19.72 GJ.  

 

The International Energy Agency statistics provide a result of 20.2 GJ/tonne of steel as the 

worldwide average energy intensive value for the industry. (32). This result includes the 

pelletizing/sinter process, which represents a use of energy between 1-2 GJ/tone. If comparing 

this two results, the one from Eurostat and the one from IEA, Sweden steel industry 

performance should be below the average intensive values. This could not be correct as 

Sweden is one of the most efficient producer countries worldwide. 7 

 

 

                                                             
7
 The mapping for the BF-BOF route is considered to not have a large amount of uncertainties, especially 

for the use of fuels such as coal. By the description of the technology and the IPPC average values for 
the EAF, it is conclude that not a large quantity of coal will be required.  
 
This conclude, that almost all the coal for the industry has been considered in the previous analysis, and 
therefore the data of coal provided by Eurostat (4), which considerably differs from the value expected, 
will not be included in the energy balance, using only the coal mapped with the environmental plant 
reports.    

Trans. Input Trans. Out. Consumption Trans. Input Trans. Out. Consumption

35,376 66,51 33,85 0 16,734 0 0 84,8

Hard Coal 13,806 66,51 0 0 0 0 0 80,3

Coke 21,57 0 33,85 0 16,734 0 0 4,5

14,355 1,472 0 0 0 0 0 15,8

LPG 8,418 0 0 0 0 0 0 8,4

Diesel Oil 0,937 0 0 0 0 0 0 0,9

LF Oil 5 0 0 0 0 0 0 5,0

Petroleum Coke 0 1,472 0 0 0 0 0 -1,5

9,428 0 9,071 4,505 0 16,734 0 -11,9

Natural Gas 1,249 0 0 0 0 0 0 1,2

COG 3,736 0 9,071 3,997 0 0 0 -1,3

BFG 4,443 0 0 0,508 0 15,107 0 -10,2

BOFG 0 0 0 0 0 1,627 0 -1,6

19,033 0 0 0,04 0 0 0 19,1

78,193 67,982 42,929 4,545 16,734 16,734 0 107,8

TOTALEUROSTAT 2006 SWEDEN Iron & Steel
Coke Ovens Blast Furnaces

Solid Fuels

Petroleum Products

Gases

Electricity

Final Energy Use (PJ/year)
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5.4.2 Mapping the BF-BOF route 

 

The analysis of the BF-BOF route has provided us a high detail energy use within that industrial 

route. If we compare the results with the Energy Balance from Eurostat, the energy carriers 

that are only use in the BF-BOF route should have to be balance.  

In Table 31  it will be compared the overall results from the BF-BOF route (showed in Table 22) 
with the result provided by Eurostat for the energy use in the Swedish ISI (showed in  

Table 30). 

 

 

Table 31: comparison between BF-BOF and Eurostat. 

 

Main conclusions from Table 31:  

 The results obtained by the analysis of the environmental reports agreed with most of 

the information provided by Eurostat. Main difference is the use of Coal, which 

present an extremely high deviation from the environmental plants.  

 This deviation will not be reduced during the analysis of future routes, due to the fact 

that no other process will consume such a large amount of coal energy (24.5 TJ).  

  

Eurostat Industry Balance

Final energy use BF-BOF route Rest of production

PJ/year PJ/year PJ/year

Coal 80,32 55,79 24,52

Coke 4,45 1,84 2,61

COG -1,34 -1,31 -0,03

BFG -10,16 -11,39 1,24

BOFG -1,63 -2,78 1,15

Nat Gas 1,25 0,00 1,25

LPG 8,42 5,30 3,12

LF Oil 5,00 2,81 2,19

Diesel 0,94 0,00 0,94

Electricity 19,07 4,76 14,31

Total 106,33 56,29 51,30

Production (Mt) 5,47 3,27 2,20

Materials
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5.4.3 Mapping the DRI route 

 

The main energy use in the Direct Reduced Iron route is the one provided by Natural Gas, 

which will act as a reducing agent for sponge iron making, and also electricity, which will be 

highly demand in the electro steel mill, where the steel will be produced.  

In Table 32 it will be compared the Eurostat results, with the industry results from the BF-BOF 

route (showed in Table 22) and DRI (showed in Table 25)  

 

 

Table 32: comparison between DRI and BF-BOF with Eurostat. 

 

Main conclusions from Table 32:  

 According to the Reference Energy System, natural gas was only included to the 

system by the DRI route.  The results given by the environmental reports are consisted 

with the ones in Eurostat. So no other EAF plant will use Natural Gas as a fuel for their 

processes.  

 The difference between the use of Coke has reach an acceptable level with the 

addition of DRI results, which seems to be logical as no processes in the Electric Arc 

Furnace route will require coke.  

 

 

 

 

Eurostat Balance

Final energy use BF-BOF route DRI route Rest of production

PJ/year PJ/year PJ/year PJ/year

Coal 80,3 55,8 24,5

Coke 4,5 1,8 1,9 0,7

COG -1,3 -1,3 0,0

BFG -10,2 -11,4 1,2

BOFG -1,6 -2,8 1,1

Nat Gas 1,2 0,0 1,2 0,1

LPG 8,4 5,3 3,1

LF Oil 5,0 2,8 0,0E+00 2,2

Diesel 0,9 0,0 3,8E-04 0,9

Electricity 19,1 4,8 0,9 13,5

Total 106,3 55,0 3,9 47,4

Production (Mt) 5,5 3,3 0,3 1,9

Materials

Industry
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5.4.4 Mapping the EAF route 

 

So far, the energy balance from Eurostat has been used to calculate the Energy use in the EAF 

route, by discounting from the total Eurostat balance the energy use in the BF-BOF route and 

the DRI route.  

The objective now is to calculate the detailed energy use by process from the rest of the EAF 

plants which are not Sandvik. The available information that will be used to develop this 

calculation will be:  

 Total hot rolled products produced by in Sweden, and routes shares (Table 11). 

 Product mix for Sweden (11), cold rolled products in the BF-BOF route Table 22, and 

cold rolled products in Sandvik plant, Table 24. 

 Energy use by EAF route in Sweden (rest of production in Table 32), and the energy 

intensive values from Sandvik plant, also in Table 24. 

To obtain the final average energy intensive values for the rest of the EAF plants, three steps 

will be done during the calculations:  

1. To get the overall energy use in the rest of the EAF plants, by discounting from the EAF 

route the energy use in Sandvik.  

2. To calculate the energy use in the rest of the EAF plants, by assuming the same energy 

intensive values as in Sandvik’s plant but a different production mix for cold rolling 

products.  

3. To finally adjust the energy intensive values from the rest of the EAF plants, so their 

overall performance agree with the energy use calculated with the Eurostat values.  

 

Step 1: Getting the energy use from Eurostat: 

In Table 33 the energy used in the rest of the EAF plants is shown. Coal was calculated using 

Sandvik as a references, and LPG, LFOil, Diesel and Electricity, were completely included into 

the energy use of the rest of the EAF plants.  

 

Table 33: Energy use in the rest of the EAF plants 

Eurostat

PJ/year %

Coal 80,32 55,79 0,00 0,07 0,39 24,06 30%

Coke 4,45 1,84 1,89 0,00 0,00 0,72 16%

COG -1,34 -1,31 0,00 0,00 0,00 -0,03 2%

BFG -10,16 -11,39 0,00 0,00 0,00 1,24 -12%

BOFG -1,63 -2,78 0,00 0,00 0,00 1,15 -71%

Nat Gas 1,25 0,00 1,15 0,00 0,00 0,10 8%

LPG 8,42 5,30 0,00 0,54 2,59 0,00 0%

LF Oil 5,00 2,81 0,00 0,21 1,98 0,00 0%

Diesel 0,94 0,00 0,00 0,04 0,90 0,00 0%

Electricity 19,07 4,76 0,86 2,57 10,88 0,00 0%

Total 106,33 55,02 3,90 3,43 16,74 27,23 26%

Production (Mt) 5,47 3,27 0,29 0,29 1,59 0,02 0,00

Materials (PJ/year)
Final energy use BF-BOF route DRI route Sandvik Plant Rest of the EAF route

Balance

Difference

Industry
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Step 2: First approach to the energy use in the rest of the EAF plants:  

As the other plants are supposed to present the same process as Sandvik plant, and fairly a 

similar technology, the first to calculate the energy use by the rest of the EAF plants will be to 

consider the same specific energy use for each of their processes as the one obtained for 

Sandvik.  

However,  the large electricity use in cold rolling, lead to better make an estimation of the 

production mix for the rest of the EAF plants. According to (11), cold rolling products in 

Sweden represent the 50% of the production. Therefore, by knowing the product mix from the 

BF-BOF and Sandvik, and their respective production, the product mix for the rest of the EAF 

plants could be calculated as shown in Table 34. 8 

 

 

Table 34: Production mix 

 

Assuming the same energy intensive values as in the processes from Sandvik, the material 

factors, and the new production mix for cold rolling products, we can calculate the energy use 

in the rest of the plants, as shown in Table 35 :  

 
                                                             
8 DRI route produce steel powders, which do not account as cold rolled products.  

Sweden 5,47 50%

BOF-BF route 3,27 62%

EAF route 1,88 37%

Sandvik 0,29 45%

Rest of EAF 1,59 35%

Production 

(Mtonnes)

Share of Cold 

Products

Mtonnes/yr TJ/yr tonnes/tcs GJ/tcs

Input Lime 0,14 0,08

Scrap 1,58 0,9

Alloys 0,37 0,21

Diesel 209,88 0,12

LPG 1273,64 0,73

Coal 394,31 0,22

Electricity 4085,69 2,33

Production Crude Steel 1,75

Mtonnes/yr TJ/yr tonnes/tsl GJ/ts l

Input Crude Steel 1,75

LPG 130,35 0,08

Oil 122,70 0,07

Electricity 133,06 0,08

Production Slabs 1,67

Electric Arc Furnace

Commodities

Continuous Casting 

Commodities
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Table 35: Energy distribution for the rest EAF plants 

To adjust the energy intensive values, we have to compare the overall energy use given in 

Table 35, with the results obtained from Eurostat. This comparison is shown in Table 36 9 

 

 

 

 

 

 

Electricity and LPG will have to be reduced, as LFOil and Diesel will have to be increased.  

Step 3: Adjusting the energy intensive values. 

In order to adjust the energy intensive values, the energy use in each process will be change, 

so final use agrees with Eurostat. For this purpose some assumption will be considered: 

 To maintain the final energy use for each process, even if each of the values of the 

energy carriers changed. 

 To introduce the smallest changes possible for each of the energy carriers on each 

process.  

 

 

 

                                                             
9
 Overall results also include the electricity use for other purposes that are not included in the internal 

processes. According to (39), the share of electricity use in other processes is around 20% from the total 
plant electricity use.  

Mtonnes/yr TJ/yr tonnes/thr GJ/thr

Input Slabs 1,67

LPG 1117,32 0,70

Oil 1051,75 0,66

Electricity 1140,51 0,72

Production Hot Rolled 1,59

Mtonnes/yr TJ/yr tonnes/tcr GJ/tcr

Input Hot rolled 0,56

LPG 343,30 0,61

Electricity 3818,48 6,79

Production Cold Rolled 0,56

Cold Rolling

Commodities

Hot Rolling

Commodities

Table 36: Energy use in the rest of the EAF plants 

LPG 2,59

 LF Oil 1,98

Diesel 0,90

Electricity 10,88

Energy Carriers

Final Energy Use 

From the 

Balance

2,86

1,17

0,21

11,47

From Energy 

distribution
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In Table 37 , the list with the adjusted energy intensive values for the rest of the EAF plants is 

presented. 

 

Table 37: Adjusted energy intensive values for the rest of the EAF plants 

 

When using the adjusted energy intensive values to calculate the overall energy use in the rest 

of the EAF plants, the results agree with the data obtained from Eurostat. This calculation is 

shown in Table 38. 

 

 

 

 

 

Diesel

LPG

Coal

Electricity

Commodities
Not Adjusted                  

GJ/tcs

Adjusted                      

GJ/tcs

Electric Arc Furnace

Difference

326%

1%

-2%

-10%

5%

Continuous Casting 

Commodities
Not Adjusted                  

GJ/tsl

Adjusted                      

GJ/tsl
Difference

Total Energy Use

0,12

0,73

0,22

2,33

3,40

0,51

0,73

0,22

2,1

3,56

LPG

Hot Rolling

Commodities
Not Adjusted                  

GJ/thr

Adjusted                      

GJ/thr
Difference

Cold Rolling

Commodities
Not Adjusted                  

GJ/tcr

Adjusted                      

GJ/tcr
Difference

2,30 11%2,08

LPG

LFOil

Electricity

Total Energy Use

LPG

LFOil

Electricity

Total Energy Use

0,70 0,50 -29%

0,66 1,15 74%

0,72 0,65 -9%

0,61 0,65 7%

6,79 6,65 -2%

7,40 7,30 -1%

Electricity

Total Energy Use

0,08 0,07 -10%

0,07 0,09 23%

0,08 0,08 0%

0,23 0,24 4%

not 

adjusted
adjusted

LPG 2,59 2,98 2,61

 Oil 1,98 1,92 1,95

Diesel 0,90 0,79 0,89

Electricity 10,88 10,46 10,87

Energy Carriers

Final Energy Use 

From the 

Balance

From Energy distribution

Table 38: Adjusted energy use in the rest of the EAF plants 



 
61 

 

Using the adjusted energy values for the rest of the EAF plant and the results from the Sandvik 
EAF plant (Table 24), and their respective share of production, the average energy intensive 
results for the EAF plants could be calculated as the ones in Table 39.

10
 

 

 

Table 39: Energy results for the EAF route 

  

                                                             
10  When adjusting the EAF route values with Eurostat, not all the coal was included in the route.  

Ktonnes/yr TJ/yr tonnes/tcs GJ/tcs

Input Lime 164,83 0,08

Scrap 1854,29 0,90

Alloys 432,67 0,21

Diesel 932,8 0,45

LPG 1511,0 0,70

Coal 465,5 0,23

Electricity 4423,0 2,15

Production Crude Steel 2060,3 1

Ktonnes/yr TJ/yr tonnes/tsl GJ/ts l

Input Crude Steel 2060,3

LPG 139,6 0,07

Oil 171,7 0,09

Electricity 156,7 0,08

Production Slabs 1975,0 1

Ktonnes/yr TJ/yr tonnes/thr GJ/thr

Input Slabs 1975,0

LPG 999,0 0,53

Oil 2021,6 1,07

Electricity 1241,9 0,66

Production Hot Rolled 1881,0

Ktonnes/yr TJ/yr tonnes/tcr GJ/tcs

Input Hot rolled 693,0

LPG 445,1 0,64

Electricity 4624,5 6,67

Production Cold Rolled 693,0

Commodities

Cold Rolling

Commodities

Electric Arc Furnace

Commodities

Continuous Casting 

Commodities

Hot Rolling
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5.5 Tracking CO2 emissions in the Swedish Iron and Steel Industry  
 

Now that the energy flows for the Steel Industry are mapped, we could use them to develop 

the tracking of the CO2 emissions in the Industry. For this purpose we will use the emission 

factor for each of the energy carriers within the process.  

5.5.1 Emission Factors in Sweden 

 

A list with the emission factor for each of the energy carriers is provided in Table 40. The 

emission factor of electricity has been calculated according to the electricity production mix 

from Sweden. The electricity production mix indicates the type and amount of different energy 

sources used for electricity generation. Electricity use will have an assigned emission factor 

related to the material factors of the energy sources used to produce it.  

 

Table 40: Emission factor values (10) 

5.5.2 Electricity production in Sweden 

 

Figure 27 shows the production mix in Sweden for 

the year 2006,.  The energy distribution shows that 

91 % of the electricity produced in Sweden came 

from nuclear or renewable sources, while only the 

9% rest is based on other process. In order to 

calculate the electricity emission factor, both the 

nuclear and renewable will be considered as 

“carbon neutral”, so they will not account for CO2 

production.  

IPPC Sweden

Carbon 114,0 114,0

Coal 94,6 91,0

Coke 108,0 108,0

COG 108,2 103,0

Blast Furnace Gas 242,0 242,0

Basic Oxygen Furnace Gas 185,0 185,0

Natural Gas 56,1 56,5

Light petroleum gases 63,1 65,1

Fuel Oil 77,4 76,2

Steam 80,0 80,0

Electricity 93,0 8,0

Oxygen 38,1 3,3

Diesel 74,1 75,3

Emission Factors
Kg CO2 / GJ

Figure 27: Electricity generation by energy source (33) 
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Table 41 present the fuels used for electricity generation in Sweden during year 2006. With 

the information from the production mix and the fuels emission factors, the weighted emission 

factor for the electricity can be calculated, obtaining 4.16 KgCO2/GJ  

 

Table 41: Energy carriers used for electricity generation 

For the use of biofuels it is assumed that their use is also “carbon neutral” as their production 

involves a CO2 absorption during the growing of the crops. For Coal, Coke-oven Gas, and Blast-

Furnace Gas, the given emission factor is an average between all of them.  

However, this is not the final value for the electricity EF, there are other factors that have to be 

considered such as electricity importation or losses in generation, transport and distribution. 

 

Table 42: Electricity marginal emission factor 

5.5.3 Imported Electricity:  

There is a share of electricity consumption in Sweden that depends on importation. This 

amount represents the order of 4% from the total electricity consumed in Sweden in the year 

2006, according to (33) .This share of electricity will be assumed to be generated by using a 

100% distribution of fossil fuels (coal). The result for the showed in Table 43: 

 
Table 43: Electricity emission factor 

5.5.4 Generation, transport and distribution:  

 

When working with electricity, it has to be considered that there are different losses from 

primary energy use for generation to the final energy use in the process. Assuming overall 

losses in generation, transport and distribution of 66%, the final emission factor for electricity 

in Sweden can be calculated, as shown in Table 44: 

 

Table 44: Final electricity Emission Factor 

EF

GWh GJ Kg/GJ

Oil 2480 8927000 77,00 1,29% 0,99

Natural gas 674 2427000 56,00 0,35% 0,20

Biofuels 11024 39686000 0,00 5,71% 0,00

Coal, COG and BFG 3189 11481000 180,00 1,65% 2,97

Total 17367 62521000 9% 4,16

Fuels 
Energy Use Share from 

production
Weighted EF

Electricity EF marginal 

without losses
4,16 Kg CO2/GJ

Electricity EF without 

losses
8,55 Kg CO2/GJ

 Final Electricity EF 25,16 Kg CO2/GJ



 
64 

5.5.5 CO2 emissions in the Swedish Iron and Steel Industry 

 

In line with the method use in (8) in the tracking of the CO2 emissions, the production of COG 

gas will not be considered as a sink of CO2, while it was a source of energy for the system. 

However this is related to the calculation method followed during the analysis. Coal has never 

been accounted in the energy balance in the coke process, but facing the emissions 

calculations, it has to be considered that coking of coal will produce also CO2.  

Emissions of CO2 are calculated in Table 45, using the Energy Intensity values results and the 

emissions factors from Table 40.  

 

Technology Commodities GJ/tonne kg CO2/tonne final product 

Internal 153,04

COG Gas 1,10 100,10

BFG 0,22 52,94

External 0,52

Electricity 0,02 0,52

Technology Commodities GJ/tonne kg CO2/tonne final product 

Internal 784,96

Coke 11,76 1269,63

Coal 3,38 307,33

COG 0,75 103,00

BFGas -3,70 -895,00

External 5,18

Electricity 0,12 3,02

Steam 0,00 0,00

Oxygen 0,21 2,16

Technology Commodities GJ/tonne kg CO2/tonne final product 

Internal 9,82

Diesel 0,13 9,82

LPG 0,80 51,80

Coal 0,24 22,22

External 62,17

Electricity 2,53 58,87

Oxygen 0,30 3,30

Internal -143,54

COG 0,13 13,48

BOF Gas -0,85 -157,02

External 6,59

Electricity 0,14 3,42

Steam 0,00 0,00

Oxygen 0,31 3,17

Coking Production

Iron Production

Steel Production

Electric Arc Furnace EAF

Blast Oxygen Furnace 

BOF

Blast Furnace

Material Preparation
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Table 45: CO2 emissions in the Swedish Iron and Steel Industry 

As a resume of the previous results, a final chart with the CO2 emissions by process will be 

included in Figure 28. It is easy to observe that the BF process is by far the larger emitter in the 

industry.  

 

 

Figure 28: CO2 emissions by process 

 

In Table 46 the exact results for the internal and external emissions are shown, using 

KgCO2/tonne of hot rolled product as the unit. The BF processes is the responsible for the 

major internal emissions in the process, and the EAF process accounts for the majority of the 

external emissions.  

 

Table 46: CO2 emissions by process. 

  

Technology Commodities GJ/tonne kg CO2/tonne final product 

Internal 119,17

LP Gas 0,63 41,05

COG 0,11 11,60

LF oil 0,91 69,88

External 3,61

Electricity 0,40 10,28

Internal 3,21

Light Fuel Oil 0,02 1,80

Diesel 0,02 1,41

External 0,09

Electricity 0,01 0,29

Steel Manufacturing

Continuous Casting 

Hot Rolling Process

Coking BF BOF EAF Finishing 

166,24 784,03 -137,39 37,16 122,53

0,53 5,18 6,60 62,17 13,90

Process 

Internal Emissions

External Emissions
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5.6 Benchmarking 
 

The normal methodology follow to develop energy benchmarking analysis is comparing the 

energy use on each production process, considering their material contribution to the final 

product produced.  This methodology is used in (5), (6) and (21). This method provides the 

possibility to estimate the overall potential savings for an industry sectors. 

In the following sections, the results for the Swedish steel industry will be compared with both 

the results from the Ecotech Plant (BAT) and the average performance from the European 

Industry (IPPC).  

5.6.1 Reference Values for Benchmarking 

 

The International Iron and Steel Institute has developed reference energy indicators for the 

different energy-saving technologies that are been developed. This reference benchmarking 

values are used as international guiding principle for setting the penetration of energy-savings 

technologies.  

IISI Ecotech Plant provides Energy Results for the different processes within the production 

path. However, those values are usually interpreted in different ways, so authors have to 

decide how they will use them11,(8). 

For the purpose of establishing the correct references values for benchmarking, we will use to 

different sources:  

 The article “Best Intensive Energy Values for Industrial Sectors” (21) 

 The article “Energy Intensity Benchmarking in the Canadian Steel Industry” (8) 

The article from E.Worrell presents a wide range of data in terms of process analyzed. 

Including the processes cold rolling, sintering and pelletizing. Those processes are not included 

in the Canadian report.  However, data in Worrell’s article is presented in a summary form, 

while the Canadian Agency provides a very detailed use of energy carriers in each process.  

Both sources of information will support the benchmarking references values that will be used 

in this study. Information will be available for both, material factors and energy intensive 

values. In the Table 47, the material factors for the Ecotech plant are presented.  

 

 

Table 47: Material Factors for the Ecotech Plant 

                                                             
11  This situation is longer explained in the methodology chapter of the Canadian Energy Agency report  

Coking BF BOF EAF Casting

tdc/thr thm/thr tsl/thr

BF route 0,34 0,94 1,04 1,02

EAF route na na na 1,05 1,02

tcs/thr



 
67 

Table 48 present the energy intensive values for Ecotech Plant processes:   

  

Table 48: Ecotech energy intensive values 

Technology Commodities ton/tone product GJ/tone final product

Coal 0,48 13,15

Fuel -1,38

Underfiring COG 1,38

COG -2,98

BFG 0,22

Electricity 0,02

Technology Commodities ton/tone product GJ/tone final product

Pellets 1,49

Sinter 0

Oxygen 0,21

Fuel 12,71

Coke from coking 11,19

Coke added 0,56

Coal 3,91

COG 0,75

BFGas 1,30

BF Gas -5,01

Electricity 0,12

Steam 0,00

Technology Commodities ton/tone product GJ/tone final product

Scrap 1,11

Oxygen 0,3

Fuel 0,73

Diesel 0,13

LPG 0,79

Coal 0,24

Electricity 2,52

Raw Iron 1,08

Scrap 0,20

Lime 0,04

Oxygen 0,31

Fuel -0,72

COG 0,13

BOF Gas -0,85

Electricity 0,14

Steam 0,00

Technology Commodities ton/tone product GJ/tone final product

Crude Steel 1,12

Fuel 0,04

Light Fuel Oil 0,02

Diesel 0,02

Electricity 0,01

Slabs 1,04 1,10

Fuel 1,63

LP Gas 0,73

COG 0,11

LF oil 0,79

Electricity 0,45

Steel Production

Material Preparation

Steel Manufacturing

Continouos Casting

Hot Rolling

Blast Oxygen Furnace 

BOF

Electric Arc Furnace EAF

Iron Blast Furnace

Coking Production

Iron Making
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5.6.2 Energy intensity values for the Swedish industry 

 

In order to develop the comparison between Ecotech and the Swedish industry, results from 

the EAF route (Table 39) and BF-BOF route (Table 22) should be converted into energy use per 

tonne of final product (tonne of hot rolled steel).  Table 49 presents the energy intensity 

values for the Swedish Industry:  

 

 

Technology Commodities ton/tone product GJ/tonne final product

Coal 0,48 13,15

Fuel -1,38

Underfiring COG 1,38

COG -2,98

BFG 0,22

Electricity 0,02

Technology Commodities ton/tone product GJ/tonne final product

Pellets 1,49

Sinter 0

Oxygen 0,21

Fuel 12,71

Coke from coking 11,19

Coke added 0,56

Coal 3,91

COG 0,75

BFGas 1,30

BF Gas -5,01

Electricity 0,12

Steam 0,00

Technology Commodities ton/tone product GJ/tonne final product

Scrap 1,11

Oxygen 0,3

Fuel 0,73

Diesel 0,13

LPG 0,79

Coal 0,24

Electricity 2,52

Raw Iron 1,08

Scrap 0,20

Lime 0,04

Oxygen 0,31

Fuel -0,72

COG 0,13

BOF Gas -0,85

Electricity 0,14

Steam 0,00

Steel Production

Material Preparation

Blast Oxygen Furnace 

BOF

Electric Arc Furnace EAF

Iron Blast Furnace

Coking Production

Iron Making
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Table 49: Energy Intensity values for the Swedish Industry 

5.6.3 Comparison between Sweden and Ecotech 

 

Comparing the Energy Intensive values from Ecotech plant with the ones obtained in the 

System Analysis of the Iron and Steel Industry, we could analyze the relative efficiency of each 

of the processes. A comparison for the whole production routes will be developed. The 

performance for each of the individual processes will be presented, as shown in Figure 29. In 

these calculations, coal that gets into the coke plant will account as a material. However, when 

analyzing the whole route performance, coal will account as a fuel input to the system.  

 

Figure 29: Benchmarking for final energy use by process. 

The information from the previous chart is also resumed in Table 50: 

 

 

 

Technology Commodities ton/tone product GJ/tonne final product

Crude Steel 1,12

Fuel 0,04

Light Fuel Oil 0,02

Diesel 0,02

Electricity 0,01

Slabs 1,04 1,10

Fuel 1,63

LP Gas 0,73

COG 0,11

LF oil 0,79

Electricity 0,45

Steel Manufacturing

Continouos Casting

Hot Rolling

Coking BF BOF EAF Manufacturing 

SE -1,36 13,05 -0,27 4,28 2,37

Ecotech -1,75 11,49 -0,42 2,40 1,75

Coking BF BOF EAF Manufacturing 

SE -1,32 13,11 -0,26 9,53 3,30

Ecotech -1,56 11,69 -0,19 5,06 2,20

Primary Energy use in iron and steel processes

Final Energy use in iron and steel processes

Table 50: Energy benchmarking results by process. 
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When considering the whole system for comparing, it can be possible to analyze the different 

energy use per energy carrier on each route, in comparison with the results from Ecotech. In 

Figure 30, it can be observed how the EAF and BF processes are the ones which present larger 

potential improvements. When analyzing the figure, the conclusion is that BF could be 

improved in terms of fuel used, and that the EAF could be improved in both of electric power 

and fuels. 

 

 

 

The detailed data from Figure 30 is included Table 51: 

 

Table 51: Benchmarking for production routes 

  

Sweden Ecotech Sweden Ecotech

14,28 11,21 3,21 1,85

0,71 0,84 2,76 1,80

0,53 0,51 0,32 0,23

0,00 0,35 0,00 0,07

15,52 12,91 6,29 3,95Final Use

Fuel

Electricity

Oxygen

Steam

BF-BOF EAF

Figure 30: Benchmarking for production routes 
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5.6.4 Comparison with the IPPC results 

 

In order to get a clearer idea of the Swedish iron and steel industry comparison with the 

Ecotech plant results, a comparison between the Swedish industry and the average results 

from Europe, provided by the IPPC, will be done.  

Average weighted values for the European steel plants were only provided in the IPPC 

document for the BF process, (12). The rest of the values provided in Table 52, are an average 

between the max and min value given. The table presents the energy use per tonne of product 

produced in each process: coke, hot metal, crude steel, etc. 

 

 

Table 52: Comparison with the IPCC values. 

 

In general terms, the values obtained for the Swedish industry are into the value ranges from 

the IPCC. The exception is the electricity use in the cold rolling process, which overload the 

maximum value given by the IPCC.  

  

IPCC Sweden

Fuel -4,6 -3,83

Electricity 0,1 0,06

Steam 0,3 0

Total -4,2 -3,77

Fuel 0,00 0,00

Electricity 0,00 0,00

Steam 0 0

Total 0,0 0,0

Fuel 0,2 -0,63

Electricity 0,15 0,1

Steam -0,2 0

Total 0,15 -0,53

Fuel 0,00 0,00

Electricity 0,00 0,00

Steam 0 0

Total 0,00 0,00

Fuel 12 -0,70

Electricity 0 0,00

Steam 0 0

Total 12,00 -0,70

Electric Arc Furnace

Hot rolling

GJ/tonne of process  product
Process Commodity

Coke making

Blast Furnace

Basic Oxygen Furnace
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6 SYSTEM ANALYSIS RESULTS 
 

6.1 National Energy Balance 
 

With the energy flows information obtained during the System Analysis, from the 

environmental reports and the national statistics of Eurostat, the overall energy balance for 

the Swedish Iron and Steel Industry can be calculated, as shown in Table 53:  

 

Table 53: Final energy balance 

The energy intensity values for each of the production routes are shown in Figure 31. The 

results show the average energy use to produce one tonne of final product, by the different 

routes.  

Figure 31: Energy Intensity values for Swedish production routes 

The final product in this table are both hot and cold products. The BF-BOF present a 60% of 

cold rolled production, while the EAF is lower, just 40%. However, the energy requirements in 

the cold rolling process from the EAF are three times more in comparison with the BF route.  

The cold rolling process is complicated to include in the comparisons. Cold rolling involves 

different types of techniques, and each may have different energy consumption depending on 

the requirements. For this reason, the hot rolled product will be used as a final product for the 

following comparisons.  

Coal 55,79 0,46 0,00 56,26

Coke 1,84 0,00 1,89 3,74

COG -1,31 0,00 0,00 -1,31

BFG -11,39 0,00 0,00 -11,39

BOFG -2,78 0,00 0,00 -2,78

Nat Gas 0,00 0,00 1,15 1,15

LPG 5,30 3,13 0,00 8,42

LF Oil 2,81 2,19 0,00 5,00

Diesel 0,00 0,94 0,00 0,94

Electricity 6,03 13,45 0,86 20,34

Total (PJ) 56,29 17,85 3,90 78,05

Production (Mt) 3,59 1,59 0,29 5,47

Materials
BF-BOF 

Route
EAF Route DRI route Total
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6.2 Energy Potential Savings 
 

Using the information obtained in the benchmarking analysis about the different energy use 

per route between the Ecotech Plant and Sweden, and weighting them with the production 

share, the potential savings for the steel sector in Sweden can be calculated. Table 54 presents 

the potential savings for both routes, while Table 55 presents the total energy savings for the 

industry, in GJ/tonne of final product.  

 

Table 54: energy potential savings by route 

 

Table 55: Energy potential energy savings 

Energy potential savings calculations showed how the BF route is the one that could provide 

largest savings in overall terms, as it is consuming almost three times more energy per tonne 

of hot rolled product than the EAF route. However, the share of potential savings that present 

the EAF route is larger than the one of the BF route. This means that the technology use in the 

BF is closer to the optimum efficiency established by Ecotech  

Using the energy savings per tonne of hot rolled product, it can be calculated the whole energy 

savings for the Iron and Steel Industry in Sweden for the selected year. The energy savings for 

the Steel Industry and for the Industrial Sector in Sweden in the year 2006 are calculated in 

Table 56, using the total production of 5,4 Mtonnes.  

 

Table 56: Yearly potential savings 

 

The result of 17.5% of energy savings for the Swedish Industry Sector is higher than expected, 
as Swedish Steel Industry is mean to be one of the most energy efficient (11), (16). The reason 
for this difference is that when comparing directly with the Ecotech performance, both the 
material and energy factors are considered. This situation will require a more detailed analysis.  

 

 

Actual Final  Energy Best Practice

BF-BOF  Route 65,6% 15,53 12,91 16,9%

Electric Route 34,4% 6,29 3,95 37,2%

Potential  by routeProduction Share
(GJ/tonne of final product)

Potential  by type of 

energy

Potential Final Energy 

Savings 

Final Energy Use 

(GJ/tonne)
12,35 9,83 2,52 20,4%

Actual Energy Intensity 

use 

Best Practice Energy 

Intensity 

Share from 

Industrial sector 

energy use

3,7%5,4

Potential Final Energy 

Savings (GJ/tonne)

Yearly potential savings 

(PJ)

Total production 

(Mtonnes product)

2,5 13,6

Share from total  ISI 

energy use

17,5%
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In Table 57 the difference between the distributions of material factors within the production 

routes in the Ecotech and the Swedish model can be found. The most significant difference is 

presented in the hot metal production from the blast furnace. Between Ecotech and Sweden 

there is a difference of 10% for that connection.  

 

Table 57: Comparison between material factors. 

This result shows how the hot metal is much more required in the Swedish Industry than in the 

Ecotech Plant. Hot metal is the main raw material for the Basic Oxygen Furnace, which will 

produce the crude steel. The BOF produce steel mainly from hot metal and recycled scrap, 

however different proportions could be used. The more scrap is introduce into the process, the 

lower the quality that will be obtained. A different comparison for this situation is shown in 

Table 58 between Sweden and the average performance of Europe, where the materials for 

producing one unit of crude steel are compared. 

 

Table 58: Raw Materials for the BOF process 

This reasons make that the Ecotech plant will not be a properly reference in order to estimate 

the energy potential savings of the industry. However, we could still use it as a reference to 

calculate the relative energy efficiency of each process. For this purpose, it will be compared 

the energy consumption of each process per tonne of product produced on them, between 

Sweden and Ecotech. Not considering the material effects. In the comparison of Figure 32 it 

can be observed the BF in Sweden is very close to the optimum settled by Ecotech.  

 

Figure 32: Energy Benchmarking by process.  

SE Ecotech SE Ecotech

tdc/thr 0,36 0,34 na na

thm/thr 1,04 0,94 na na

tcs/thr 1,07 1,04 1,06 1,05

tsl/thr 1,04 1,02 1,03 1,02

thr/thr 1,00 1,00 1,00 1,00

BOF route EAF route

Material Factors comparison

Sweden IPPC

0,86

0,22

0,91

0,17

Materials 

 Hot metal 

Scrap
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6.3 Potential CO2 emissions savings 
 

To calculate the potential emission savings the CO2 from the Swedish industry will be compare 

with the assumed emission value for the Ecotech plant. The energy intensity values from the 

Ecotech plant presented in Table 48 will be transformed into CO2 emissions, using the emission 

factor values from Table 40.  Figure 33 present the CO2 emissions comparison between 

Sweden and the Ecotech plant.  

 

Figure 33: CO2 emissions benchmarking 

The potential CO2 emissions savings can be also calculated following the same process as the 

one use in the calculation for the potential energy savings. The results for these calculations 

are shown in Table 59. It can be observed how the value for the CO2 relative savings is in line 

with the relative potential energy savings obtained in Table 55. 

 

Table 59: CO2 potential emission savings 

For the year 2007, Europe had an electricity production mix based on: natural gas (21%), fuel 

oil (7%) and coal (30%), (34). The CO2 savings due to the “carbon neutral” production mix in 

Sweden, are larger than the potential savings that can be obtained by using the BAT.  

Table 60: Comparison between CO2 emissions based on electricity production mix. 

 

BF route

EAF route

Total

Relative savings

24%

32%

25%

Actual CO2 emissions
Best-Practice CO2 

Emissions
Potential savings

958,0

232,1

708,3

731,4

158,3

534,3

226,6

73,8

174,0

GJ/tonne product Kg/GJ Kg/tonne product

25,2 76,4

133,4 405,1

Sweden

Europe
3,04

Electricity use
Electricity Emission 

Factor
CO2 emitted
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6.4 Identification of key processes for energy savings improvements.  
 

Once that it has been pointed that Ecotech technologies will provide a better energy use in the 

Swedish iron and steel industry is time to analyze how to reduce energy consumption. For this 

purpose, the individual performance of each process will be compared.  

A comparison will be made between the results from the Swedish industry with the results 

from the Ecotech plant. In addition, the average performance from the European plants 

provide by the IPPC will be included, in order to enrich the comparison, and contextualize the 

results.  The results for the comparison are shown in Figure 34: 

 

 

Figure 34: Energy comparison by process. 

 

This comparison brings feasible improvements for energy consumption. For more detailed 

information, results are shown in Table 61. In the table, the energy use on each process is 

presented using both process product and final product basis. To find interesting potential 

savings, it will be necessary that both numbers are high.  

 

Table 61: Reduction in energy consumption by process 

 

 

Coking BF BOF EAF Hot Rolling

1,3 0,4 0,2 1,2 0,4

-35% 3% -32% 36% 22%

0,5 0,4 0,2 1,3 0,4

Reduction in 

energy 

consumption 

GJ/tonne of process product

GJ/tonne of final product
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Identification of process that present feasible potential savings:  

 Cooking: Average European performance present slightly better results than the ones 

from the Swedish industry. The potential savings in comparison with Ecotech are not 

negligible, as the account for 35% of the energy use in the process.  

 

 Blast Furnace: BF technology use in Sweden appears as one of the most efficient in 

Europe. The results of the analysis for the BF process, demonstrate that the 

technology use in Sweden is really close to the Ecotech technology. Therefore no large 

energy-savings improvements can be further developed in this process.  

 

 Electric Arc Furnace Sweden model present a higher energy use for the process than 

IPCC, and therefore much larger than the ones obtained with the best-practice 

technologies. The fact that EAF is one the largest energy consumers together with the 

large potential savings that could be achieve by using the BAT, conclude that the EAF 

processes is one of the key processes for future energy savings.   

 

 Basic Oxygen Furnace: The energy use in the BOF process is not really important in 

terms of quantity. In addition, no large improvements seem to be feasible.   

 

 Hot Rolling: Sweden present a result in line with the IPCC average, however, this value 

can be slightly improve according to the Ecotech model. Improvements seem to be 

feasible, but they will not account for large savings in the overall production.  
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7  DISCUSIONS AND CONCLUSIONS 
 

During the Energy System Analysis of the Swedish Iron and Steel Industry, material and energy 

flows have been mapped. For this purpose different kinds of information have been used: 

plant environmental reports, national statistics and feedback from industry experts. Some 

assumption were made in order to obtain the overall results for the production routes, 

however the uncertainties found during the analysis were not related to the main part of the 

processes analyzed. As a consequence, results provide a good level of certainty for the use of 

main energy carriers and material connections.  

The results from mapping the energy flows have been presented as a Reference Energy 

System, identifying: the technologies used, the connections within the system and the material 

and energy inputs and output. This has allowed calculating the national energy balance for the 

Iron and Steel Industry in Sweden, in accordance to the selected boundaries for the system.   

Once the energy balance was calculated, it was possible to compare the overall results 

obtained from Sweden with the results found for the BAT. The Ecotech Plant results were used 

for this purpose. This comparison brings the opportunity to estimate the potential energy 

savings of the system, and also to identify the key processes in order to achieve energy 

efficiency improvements.  

When calculating the Energy Savings Potential, it was found that the results of the EcoTech 

Plant cannot be extrapolated to any path of production, regardless of the characteristics of 

this. It was observed that there was a difference between the hot metal used in plants in 

Sweden and the Ecotech Plant. Therefore the 17.5% of potential savings obtained in the 

energy benchmarking has to be considered as a theoretical result, which is not considering the 

special conditions of the Swedish steel products.  

As explained during the report, Sweden steel companies are focus on getting a leading 

position on hard and special steel production, which increment the share of cold rolled 

product required, and also imply that iron and crude steel should present higher quality and 

properties grades, than average worldwide production.  This explains the fact that more hot 

metal is used in the BOF, instead of scrap or other recycled products, in comparison with the 

Ecotech Plant.  
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7.1 Conclusion from the System Analysis and the Benchmarking study 
 

In the energy analysis for the steel production processes both the energy use and the CO2 

emissions were considered. Results for both factors present contrary conclusions depending 

on the route analyzed. Therefore, different conclusions are presented based for each route.  

 BF-BOF route:  

The BF-BOF route is the major producer of steel in Sweden, accounting for almost the 65% 

of the total production, distributed within two integrated plants and a manufacturing one. 

When the cold rolling operations are not considered, the average energy intensity use in 

the route is 15.5GJ/tonne steel and total emissions of 0.95 tonnes CO2 per tonne of steel. 

The Iron making process, developed in the Blast Furnaces, is the major responsible for the 

energy use in the route. The Blast Furnace, consume around the 85% of the total energy 

supplied to the route. In addition, it is also the larger emitter, causing large direct CO2 

emissions, due to the use of fuels in the process, such as coal or coke.  

When looking into the BF-BOF route possibilities for energy improvements, there are 

minor potential savings in the coking and the hot rolling process. The technology use for 

the Blast Furnace is really close to the optimal performance. Therefore, no large potential 

savings for energy or CO2 emissions can be achieved if there is not a change on the 

technology use, (17). 

 

 EAF route:  

 

Even though there are more than ten electro steel plants in Sweden, their total 

production only account for the 35% of the Swedish steel production.  Without either 

considering the cold rolling operations, the average energy intensity of the route is 

6.3GJ/tonne steel and total emissions of 0.23 tonnes CO2 per tonne of steel.  

 

Contrary to the results obtained for the BF-BOF route, the performance of the Electro 

Steel plants seems to be feasible to improve in terms of energy use. The Electric Arc 

Furnace is the major energy user of the route, and comparing with the Ecotech results, 

potential energy savings account for 36% of the current energy use. Majority of this 

savings are related to the use of electricity, and based on the low emission factor of 

electricity in Sweden, not large savings of CO2 will be obtained in this way.  

 

The overall conclusion is that the EAF can achieve potential energy savings, but if large savings 

for energy use and CO2 emissions want to be obtained it will be necessary to change the 

technology.  
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7.2 Future options for the Swedish Iron and Steel Industry.  
 

Economy profitability of the iron and steel industry will be affected by two major effects in the 

close future: the steady increase of energy prices (especially for fossil fuels) and the increasing 

of the CO2 emission prices, adopted by the European members. (CO2 emissions factors will 

increase from the current 7€/tonne to 21€/tonne (35)).  

For analyzing the future options of the Steel Industry, short-terms and large-terms options will 

be analyzed.  

In the short term, using the current technology, one of the feasible options to reduce CO2 

emissions and energy consumption, is to increase the use of scrap, increasing the share for the 

EAF route. Even if the EAF route can achieve larger potential savings, its energy use is almost 

three times less than the one used by the BF-BOF route. However, not all the steel products 

are suitable to be produced by the EAF process due to the quality of scrap-based steel. (12) 

The quality constraint related to the use of Scrap in the EAF route, could be avoided by 

introducing DRI in the process. Direct Reduced Iron, will increase the quality properties of the 

feedstock to the EAF, providing larger feasible uses for the crude steel produced. However, the 

main benefits of the DRI process come from when it is used with natural gas as the main 

reducing agent. Sweden has not own production of Natural Gas (36), and this will made the 

steel industry dependent on the external markets, which is against the European policy that 

leads for a major energy self-sufficiency of the EU-member. Moreover, actually this option is 

only being implemented in countries with low natural gases prices due to the economic 

feasibility of the process. Sweden is the second country in the UE with higher prices for natural 

gas, actually with a price of 0.0658€/KWh (36), so the DRI processes is not a attractive solution.  

In the long-term future technologies, like the TGR or the CCS, have to be considered. The tests 

developed by MEFOS for the TGR technology provide considerable results in terms of CO2 

emissions mitigation. Even if investment costs should be done to introduce this technology, 

the CO2 emission savings the high price for CO2 emissions in the future will compensate it. This 

makes the TGR a very interesting option for the future. In addition, the integration of the CCS 

system in the Blast Furnaces, will also have to be considered, but always keeping in mind that 

this technology will provide emissions benefits just for a certain period in time.  

7.3 Future work needed 
 

During the report analysis, different assumption had to be considered in order to obtain global 

results for the industry performance and therefore be able to develop comparisons for the 

whole Swedish steel industry. However, these assumptions can be reduced if more plants are 

introduced in the range of study, obtaining a major accuracy for industry performance.  

The results provided in the final RES for the Swedish Iron and Steel Industry will be 

implemented in the TIMES-Sweden model.   
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