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ABSTRACT
Energy consumption of the U.S. iron and steel industry is compared to that in Brazil, China, France,
Germany, Japan, Korea, and Poland. We show that there was a general trend towards a reduction in the energy
used per tonne of steel produced between 1971 and 1994 in most countries. However, in the U.S., Japan,
France, and Poland this decreasing trend appears to have reversed in the early 1990s and we recommend further
analysis to determine the factors contributing to this reversal. Using a decomposition analysis based on
physical indicators for process type and product mix, we show that specific energy consumption decreased
significantly in'the U.S., Germany, and China between 1980 and 1991. In the U.S., about two-thirds of this
decrease was due to efficiency improvements, while the remainder was due to structural changes. A
strueturaJlefficiency analysis shows that China, Brazil, Poland, and the U.S. have the largest potential for
energy savings in the iron and steel industry.

INTRODUCTION
In this paper, we compare energy consumption in iron and steelmaking in the U ..S. to that in Brazil, China,
France, Germany, Japan, Korea, and Poland.* Steelmaking is one of the largest energy-using and most energy­
intensive industrial subsectors and more than halfof the world's steel production occurs in the eight countries
analyzed in this paper.2 Data on production levels, processes, and energy use are generally available for the
iron and steel subsector, making it possible to analyze national trends and produce international comparisons
of the energy intensity of steelmaking on a physical basis (e.g. per tonne of product).3 We make international
comparisons following the methodological recommendations :from two workshops and a handbook on
international comparisons of industrial energy efficiency.4.s.6 These comparisons can be used to analyze
differences in trends between countries as well as to identify opportunities for efficiency improvement, both ci
which are especially important in light of the current international climate change treaty negotiations.

To make such comparisons, we calculate the specific energy consumption or SEC (energy used per tonne rf
steel produced) for the eight countries between 1971 and 1993/94 to observe both national trends and the
relative differences between· countries. We also calculate a structure-adjusted SEC to make· the same
comparisons holding structUre constant. We then perform a decomposition analysis to distinguish changes in
activity, structure, and energy intensity among the countries. One example ofintra-sectom1structural change ­
increased use of scrap in steelmaking - is also examined using a structure/efficiency analysis. Finally, we
conclude with a discussion of the trends and developments in this industry in the U.S.

DATA COLLECTION, DEFINITIONS, AND METHODOLOGY
We examine three basic elements of energy use in iron and steelmaking: activity, structure, and energy
intensity. Activity is defined as production ofcrude steel. Structural factors include the feedstock type (iron ore
and scrap) and product mix (slabs, hot rolled steel, cold rolled steel). Energy intensity, or specific energy
consumption (SEC) (e..g. GJ/tonne), is the result of the efficiency of the steelmaking process used. Steel is
produced using iron ore (with some scrap additions) in an old-fashioned open hearth furnace (OHF) or a basic
oxygen furnace (BOF). Scrap-based steel production relies on the use ofan electric arc furnace (EAF).

* Data are for the former Federal Republic of Germany until 1990; from 1991 to 1994 German data also
include fonner East Germany. Portions of this paper are based on an article that is forthcoming in Energy
Policy. I
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Energy is measured as the consumption of primary energy carriers. Fuel inputs (coal, oil products, gas) are
calculated on the basis of lower heating values, as is common in International Energy Agency (lEA) statistics.
Cokemaking has not been taken into account in the analysis as coke production is a separate sector in many
statistics. Energy consumption of cokemaking may vary, as well as the coke input rates in the blast furnaces.'
We use data from the International Iron and Steel Institute (llSI)2 and national statistics for energy use and
production data for Brazil, China, France, Germany, Japan, Korea, Poland, and the U.S. I

Primary values for electricity generation were calculated by multiplying electricity consumption by the world
average efficiency (33% in 1990),8 in order to highlight the changes and differences in energy intensities in the
iron and steel industry, rather than those in the electricity sector of a country. Using such a standard
conversion efficiency makes the comparisons of trends in the iron and steel sector more transparent, but can
obscure changes in electricity generation efficiencies over time and differences between countries. This can be
problematic for countries like Brazil that produce electricity predominantly from hydroelectric sources. The
effects ofcogeneration (also referred to as combined heat and power, CHP) are also obscured with a standard
electricity conversion efficiency. Varying the elec1ricity generation efficiency will change the analysis results
(see "Decomposition analysis" and Table 4).

Specific energy consumption
Specific energy consumption (SEC) is defined as the amount of energy needed to execute a certain activity
(e.g. the production or processing ofa specific product) expressed in physical terms. For this study, activity is
the production of a tonne of a certain steel product. The aggregated SEC is calculated by dividing total
primary energy consumption in the iron and steel industry by total production. The SEC is influenced by the
production process (including feedstock), the type of products produced, and the energy efficiency of the
production process. The primary energy carrier used can also affect the energy efficiency (e.g. in boilers). We
do not consider the variety of fuels available, but treat fuels as one single energy canier in detennining the
potential for energy efficiency improvement, since most iron and steel industries are assumed to have market
access to most types ofenergy caniers in the selected countries, and coal and coke are the dominant fuels in
this sector.

The most important input-factor influencing energy consumption in the iron and steel industry is the
feedstock: iron ore and scrap for primary steel or scrap only for secondary steel. We do not include direct
reduction in this study because of its small contribution to iron production in the investigated countries.2 The
production ofprimary steel consumes more energy but produces a higher quality steel. In the BOF-process the
amount of scrap used is different for each plant. Scrap use (instead of pig iron) is both a technical and an
economic issue. The quality of the steel may be influenced by impurities in the scrap, although the
introduction of ladle refining technologies improves quality control ofthe product Scrap prices have increased
due to the increasing share of EAF production in steelmaking worldwide, making pig iron relatively less
expensive.

The main output-factor influencing energy consumption is the product type. We have aggregated the various
product types into three categories that represent the most important product categories, from the perspective of
energy consumption: ingots and slabs, hot rolled steel (including plates, strip, wire (rod), and long steel
products) and cold rolled. .products (cold rolled sheet and strip). Production is defined as the total output c:f
usable ingots, continuously cast semi-finished products, and liquid steel for castings. Steel production is
allocated to categories on the basis of deliveries.2 Finishing (e.g. galvanizing, annealing) has not been
accounted for in the analysis. This introduces an uncertainty in the calculations, depending on the share cf
finished product and the SEC ofannealing or galvanizing (roughly equal to 0.4 OJ/tonne finished steel).' For
the selected countries the uncertainty in the SEC due to finishing is less than 1%. J

Decomposition analysis methodology
We have followed the sim~le average parametric Divisia decomposition methodology to understand the :factors
that contribute to the SEC. 0 Because product types change over time and differ by country, a weighting factor
is used to calculate a physical production index (PPI) instead of simply summing all steel products (Formula
1):

n
PPI = L (Px x wx)

x=l
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In this calculation, production (P) of commodity x is weighted with a weight factor (W). The weight factors
are based on the energy used to produce each steel product using existing best practice. We assign weight
factors for production of slabs and ingots by both the BOF and EAF processes, for production of hot rolled
steel, and for production of cold rolled steel. The weighting factors are provided in Table 1. Thus, for any
given year and country, the amount of steel produced through the BOF (or OHF) process is multiplied by
15.3 OJ/tonne, the amount of steel produced through the electric arc process is multiplied by 5.4 OJ/tonne,
the amount of hot rolled steel is multiplied by 2.9 OJ/tonne, and the amount of cold rolled steel is multiplied
by 2.7 OJ/tonne.

alysis.TabIe 1. "Best Practice" Wei2ltting Factors for Various Steel Products Used in the Decomposition An
Fuel Electricity Primary energy

Product (GJ/tonne) (GJ/tonne) (GJ/tonne)e

Basic Oxygen Furnace - Slaba 14.24 0.36 15.3

Electric Arc Furnace - Slabb 0.79 1.52 5.4

Hot RollingC 1.82 0.37 2.9

Cold Rollingd 1.10 0.53 2.7

Notes:
a Equivalent to the 1988 SEC ofan integrated steel plant in The Netherlands, assuming 1001'0 scrap addition in the SOF. I J

b Equivalent to the SEC of an EAF plant in Gennanyl2 and the SEC for continuous casting equivalent to the integrated steel
plant I1

C Equivalent to the 1988 SEC ofa hot strip mill at an integrated steel plant in The Netherlands. I I The SEC of wire rod production
is comparable to the given SEC. 13

d Equivalent to the 1988 SEC ofa cold rolling mill at an integrated steel plant1I

C Calculated SEC assuming an electricity generation efficiency of 33%.

The total energy consumption of the sector is a function of the volume of the output (activity), the process and
product mix (structure), and the energy efficiency ofthe production processes (efficiency). This is expressed by
formula 2, in which P, a simple summation of the production outputs, is the parameter for activity, PPI/D>
reflects the process and product mix of the output (structW"e), and LEIPPI is an indicator for the energy
efficiency ofthe manufacturing processes:

LE =LP xW x LE (2)
LP PPI

With the index decomposition, the influences of changes in activity (ACT), structW"e or product mix (STR),
and efficiency (EFF) on the energy consumption can be calculated according to the. following relationship
(between year 0 and year T) given by formula 3, in which R is a residual term:

L.\.EO,T == ~EO,T (ACT) + AEO,T (STR) + aEO,T (EFF) + R (3)

Structure/efficiency analysis methodology
We use a structme/efficiency analysis to show the SEC as a function of the share of scrap. 14 We plot both the
actual SEC and a "bestJ)ractice" SEC (SECsp) which is calculated on the basis of the physical production
index (PPI) and the SECsp for each of the products, as presented in Table 2.· The difference between the actual
SEC and estimated SECsp for a given year presents an estimate ofthe energy efficiency improvement potential
(relative to the chosen "best practice" technologies in a specific y~), and hence measurement of the energy
efficiency.14 The structure/efficiency analysis helps to explain the observed changes in energy use in a sector
and countries, as a function ofintra-sectoral structural changes and inter-country differences.

!$I In the analysis of the SECBP (and the weighting factors used) we assumed a hot metal charge rate of 90% in
the BOF. For most countries·the hot metal charge is lower (except for Japan), which leads to lower pig iron
use per tonne of steel, and hence a lower SECBP for a country or year. As we have assumed a constant charge
rate changes in the hot metal charge rate are accounted as an efficiency effect in the decomposition analysis. For
most countries the hot metal charge rate has not changed much,7 and hence in most cases we underestimate the
potential for energy savings. However, in France for the period 1980 - 1991 the hot metal charge tate increased
from 79% to 86%.7 This constitutes an important contribution to the negative development of the energy
efficiency shovvn in Figure 4.
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ANALYSIS RESULTS

Steel production
Steel production, as shown in Figure 1, varied significantly in the eight countries between 1971 and 1994. In
the U.S., steel production dropped by an average of 2.4% per year during that period. U.S. production
fluctuated between 104 and 138 Mtonnes until 1982 when it dropped to 68 Mtonnes due to collapsing
markets, bankruptcies, and mill closings. IS Production slowly increased to 91 Mtonnes in 1994, but .over the
entire 1971 to 1994 period production dropped I% per year on average. In contrast, steel production remained
nearly constant in Gennany and Japan and increase dramatically in Korea (on average 19.7%" per year), China
and Brazil (6.So/olyr. in both countries). Both France and Poland experienced decreases in production (of 1%
and 0.6% per year, respectively) over the period. The decrease in Poland is a result of the economic
restructuring that began in the late 1980s that lead to a considerable decreased capacity utilization.
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Crude steel production volumes and shares of the different production processes in 1994 for the countries
analyzed in this paper are given in Table 2. With the exception of China and Poland, the countries studied
have abandoned the old-fashioned, energy-intensive OHF method of steelmaking. The U.S. has the highest
share ofscrap-based electric arc furnaces, followed closely by Korea, France, and Japan. Over 90% of steel is
produced using the more energy~fficientcontinuous casting process in France, Germany, Japan, and Korea.
The U.S. has a slightly lower amount ofcontinuous casting (89%). The amount of steel continuously cast in
Brazil, China, and especially Poland, is significantly less.

Fi e 1. Steel Production in Selected Countries, 1971 to 1994 (Mt}.:.... _

Table 2. Crude Steel Production and Shares of Iron and Steel Production Processes in Selected Countries in
1994.

2

O:udc steel Open Hearth
!

Basic Oxygen i Electric Axe Continuous
(Mtonnes) Furnace Furnace i Furnace Casting

Brazil 25.75
~

2%' 78% 200A 59%
China 92.61 15%

I
64% 21% 34%b

France 18.03 i OOA 66% 34% 96%
Gennany 40.84

I
OOA 78% 22% 96%

Japan 98.30 OOA 69".4 31% 96%
Korea 33.74 0% I 64%

I
36% 92%

Poland 13.63 29% 53% 18% 8%
U.S. 91.23 00.4 61% 39% 89%
Notes:
a Thc Brazilian industry includes 2% of other (not Open Hearth Furnace) steelmaking processes.
b Data arc from 1993.
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Specific energy consumption trends
We calculate the SEC for iron and steel production in the eight countries by dividing primary energy
consumption in the iron and steel industry by total crude steel production. These SECs are plotted in Figure
2 and show a general trend towards a reduction in SECs in most countries over the study period. We found
that iron and steel production is least energy-intensive in Korea, Oennany, Japan, and France and most
energy-intensive in China.· The SEC for the U.S. dropped over 20%, from 34.2 OJ/tonne to 26.9 OJ/tonne,
between 1971 and 1994. However, the 1994 SEC is slightly higher than the 26.5 OJ/tonne value in 1991,
indicating a change in the longer-tenn trend ofdecreasing energy use per tonne of steeL·· Japan, Poland, and
France also show a slight increase in SECs in recent years. Further research is needed to detennine the reasons
behind these increased intensity levels.
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We also calculated structure-adjusted SECs for most of these countries for the period 1980 to 1991 to account
for differences in structure (feedstock and product mix) between countries and over time as measured by the
PPI. Such structure-adjusted SECs, which hold each country's structure constant at its 1980 level, make it
possible to more closely compare the energy intensities without the disturbance of differences and changes in
structure. The SECs and the structure-adjusted SECs were essentially the same for aU countries except the
U.S. and France, two COU[1tries where structural change towards increasing use of scrap had a !IUljor influence
on the SEC. The structure-adjusted SECs for these two countries are about 1 to 2 OJ/tonne higher than the
unadjusted SECs, indicating that a large portion of the decrease in SEC in these countries came through
increased production ofsecondary steel.

Decomposition analysis
The decomposition analysis summarizes the relative influence of changes in structure and efficiency on the
SEC in iron and steelmaking. Figure 3 and Table 3 present the relative changes in the primary energy
consumption between 1980 and 1991. The first bar for each country represents the aggregate change in SEC

• In comparing the efficiency of the Chinese steel industry to the other countries, it should be noted that the
use ofcast iron is relatively high in China and that energy is also used for so-called "non-productive use" such
as residential energy use by employees and energy use for mining of raw materials. Correctinf for the latter
two factors may lead to 5-6% lower energy consumption in the Chinese iron and steel industry. I

•• This SEC is calculated using energy use data from the U.S. Manufacturing Energy Consumption Survey
(MECS).17 We note that ener~ use data ofthe American Iron and Steellnstitute show a continuing decline in
SEC between 1990 and 1994. 8
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between 1980 and 1991. The second and third bars represent the contribution of efficiency and structural
changes, respectively, to the overall change in SEC during the period. The sum ~f the efficiency and structural
changes equals the change in the overall SEC for the period. Table 3 presents the changes in actual values
(OJ/tonne), as well as relative percentage changes. Of the countries which experienced the largest decline in
intensity (China, Gennany, U.S.), energy efficiency improvements accounted for the majority of the change.
Efficiency improvements played a major role in Brazil, China, Germany, and the United States, while
structural changes were the major driver for energy savings in France and Japan.

Figure 3. Relative Changes in SEC, Structure, and Efficiency Between 1980 and 1991 for Selected Countries.
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ture and Efficienev Develonments in Seven Countries (Relative Chane:es in Percents).
SEC 1980 Structure Efficiency SEC 1991
(GJ/tonne) . (GJ/tonne) (OJ/tonne) . (GJ/tonne)

Brazil 31.2 0.1 (+0%) -1.6 (-5%) 29.7 (-5%)
China 51.3 0.2 (+()oA.) -9.0 (-18%) 42.4 (-17%)
France 24.9 -1.8 (-'lOA.) 1.1 (4%) 24.2 (-3%)
Germany 22.6

~
-0.3 (-1%) -4.0 (-18%) 18.3 (-19%)

Japan 21.7 -0.6 (-3%) -0.1 (-0%) 21.0 (-3%)
Poland 26.9 ! .-0.7 (-3%) 1.8 (7%) 28.0 (4%)
U.S. 32.0 -2.1 (-6%) -3.4 (-11%) 26.S (-17%). .

Table 3. Changes in Specific Energy Consumption (SEC) Between 1980 and 1991 and the Influence cf
Struc

We have. analyzed the effects of changing the electricity generation efficiency on the results of the
decomposition analysis.· The results, provided in Table 4, show that a higher electricity generation efficiency
will increase the total change in SECs for all countries, leading to a larger difference between the observed
SECs of 1980 and 1991. Both the effects of structural change and efficiency improvement increase. Higher
electricity generation efficiency generally seems to lead to a larger contribution ofstructural change to the total
savings in the observed SEC. However, for Japan it leads to a higher contribution of energy efficiency
improvement, although the role ofstructural change in total development remains dominant.
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SIS.
Soccific Enc:ntY Consumption Structure Efficicncy

Electricity !Efficicncy 30% 50010 30% 50% 30% 50%
Brazil -1.6% -1.6% -0.1% 1.4% -1.5% -3.0%
China -17.0% -18.3% +0.4% -0.0% -17.4% -18.3%
Francc -2.9% -3.7% -6.7% -9.3% +3.9% +5.6%
Gennany -18.5% -20.4% -1.1% -2.1% -17.4% -18.3%
Japan -2.6% -4.5% -2.5% -3.8% -0.2% -0.7%
Poland +4.9% +1.8% -2.3% -3.2% +7.2% l +5.0%
U.S. -16.8% E -17.6% -6.1% i -7.8% -10.7% -9.9%..

Note: The effects are expressed for the observed developments for electricIty generatJon efficIencIes of 30% and
. 50010 for the seven studied countries. Compare the results to Table 3.

Table 4. Effects ofVarying Electricity Generation Efficiency on the 1980-1991 Results of the Decomposition
Anal .

Structure/efficiency analysis
The share ofsecondary (EAF) steelmaking is used as an indication of the changes in the structure (scrap as a
feedstock) in the structure/efficiency analysis. Figure 4 depicts the actual SEC and the "best practice" SEC fir
1991 relative to the share ofsecondary (EAF) steelmaking for the studied countries. The U.S. has the highest
share ofEAF steelmaking (38% in 1991, 39% in 1994), while Germany, Poland, Brazil, and China have
relatively low shares. The difference between the SEC and SECBP reflects the potential energy savings relative
to the "best practice" technologies as applied to each country's product mix. China, Brazil, Poland, and the
U.S. have the largest potential energy savings, while France, Japan, and especially Germany have lower
potentials. Potential energy savings for Germany may have increased since 1991 due to the unification with
former East Germany.

Fi~. Comparison of Actual and Best Practice SECs for Selected Countries, 1991 (and 1994 for U.S.).
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TRENDS IN THE U.S. IRON AND STEEL INDUSTRY
Crude steel production in the u.s. decreased dramatically in the beginning of the 1980s, dropping from III
Mtonnes in 1981 to 68 Mtonnes in 1982. Banlauptcies and mill closings characterized the industry in the
1980s. However, there has been steady growth since then, leading to production of 91 Mtonnes in 1994.
Current capacity utilization is over 90%.

Between 1971 and 1994, the SEC in the U.S. iron and steel industry dropped 21%. About two-thirds of this
decrease was due to efficiency improvements, ·while the remainder was due to structural changes. The most
important change was the growing use of scrap-based electric arc furnaces, which grew from 17% to 39% c:f
total steel production during this period. Efficiency improvement can be explained mainly by the increasing
continuous casting ratio (from 0% in 1971 to 89% in 1994) and the closing of inefficient OHF steelmaking
(the production share decreased from 30% in 1971 to 0% after 1991). Also the increased use of pellets as blast
furnace feed contributed to the energy savings.2

Despite these overall improvements, the SEC increased slightly between 1991 and 1994, growing from 26.5
OJ/tonne to 26.9 OJ/tonne, reversing the long-term downward trend. During that period, annual production
grew from 80 Mtonnes to 91 Mtonnes. Based on trends in three key areas (increased share of electric an:
furnaces from 38% to 39%, retirement of all remaining OHF plants, and increase in the continuous casting
ratio from 76% in 1991 to 89% in 1994), we would expect the overall energy intensity to decrease. However,
it appears that U.S. energy use per tonne ofsteel is high in the blast fum.ace, the basic oxygen furnace (due to
the lack ofBOF~ recovery), the reheating furnace, and in the hot strip mill when compared to best practice
in other countries. II, 18 Other trends that may have contributed to the increased energy use include a move
toward more extensively treated. (cold rolled) steel and increased capacity utilization leading to the use c:f
older, less-efficient integrated. steel mills.

CONCLUSION
We found that although the U.S. experienced a significant decline in energy used per tonne of steel produced
between 1971 and 1994, this trend has reversed slightly in the 1990s. In addition, we found that the U.S.
SEC is high compared to that of other industrialized countries, including Korea. Further, we found that
despite the high share of electric arc furnace use, the U.S. still has a large gap between the 1994 SEC of 27
OJ/tonne and the best practice SEC of 16 GJ/tonne that we calculated based on the U.S. steel industry
characteristics.

From this analysis it appears that the general downward trend in energy used to produce a tonne of steel has
also reversed in a number of other countries in the 1990s. While this reversal can be explained for Poland (due
to the economic restructuring), further analysis is needed to more clearly understand the forces underlying this
trend in the U.S., Japan, and France.
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