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ABSTRACT

In light of the commitments accepted within the Framework Convention on Climate
Change there is an increasing need for useful information on energy consumption and energy
efficiency. Governments can use this information in designing policies to reduce' greenhouse. gas
emissions and prioritizing energy savings options. International comparisons of energy
efficiency can provide a benchmark against which a country's performance can be measured and
policies can be evaluated.

A methodology for international comparisons of industrial energy efficiency was
developed by the International Network on Energy Demand analysis'in the Industrial Sector. In
this paper this methodology is used to analyze the energy efficiency of two energy-intensive
industries in major developing countries. Energy consumption trends are shown for the steel and
cement industry and an analysis is made of technologies used. In light of the Byrd-Hagel
resolution, which states that the U.S. will not ratify any climate treaty unless it also mandates
commitments to limit greenhouse gas emissions for developing countries, the energy efficiency
in the two sectors is compared to that of the U.S.

The analysis shows that in the iron and steel sector South Korea and Brazil are more
energy-efficient than the U.S, while Mexico has achieved a comparable energy efficiency level
in recent years. For cement, South Korea, Brazil and Mexico are the most efficient countries.
analyzed. In recent years, China, and especially, India appear to have achieved energy efficiency

- levels, more or less comparable to that of the UaS. In light of data constraints, however, further
analysis is required.

Introduction

At the 1992 Earth Summit in Rio de Janeiro over 150 Countries signed the United
Nations Framework Convention on Climate Change (FCCC, or 'Climate Convention'), aiming to
protect the climate by stabilizing "greenhouse gas concentrations ... at a level that would prevent
dangerous anthropogenic interference with the climate system" (UN 1992)0 The Climate
Convention emphasizes that developed countries are mainly responsible for historical and

1 Mss Phylipsen was employed at LBNL at the time the research was carried out, and is currently employed at
Utrecht University
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current 'emissions of greenhouse gases (GHG), and that developing country emissions must be
allowed to grow so that their social and development needs can be fulfilled. Therefore, although
both developed and developing countries accepted commitments, a quantified commitment to
limit anthropogenic GHG emissions was only established for developed countries (article 4.2).

At the third conference of the parties to the Convention in Kyoto in 1997 (COP-3)
legally binding emission reduction targets were set for the so-called Annex-I countries (OECD2

countries and the countries of Eastern Europe and the former Soviet Union). In accordance with
the Convention, the Kyoto Protocol did not outline new commitments for non-Annex-I countries·
in addition to the ones included in the FCCC (UN 1992; UN 1997). The omission of emission
limitation targets for developing countries at COP-3' was opposed by the U.S~, which called for
'meaningful participation of major developing countries' (USIA 1997). Earlier that year the U..S.
Senate approved the Byrd-Hagel resolution outlining the conditions under which the U..S. Senate
would ratify the Kyoto Protocol. The Senate resolution states that "the' United States should not
be a signatory to any protocol..., which would mandate new commitments......for Annex I Parties,
unless the protocol also mandates new specific scheduled commitments to limit or reduce
greenhouse gas emissions for Developing Country Parties within the same compliance periot!'
(Byrd-Hagel 1997).

In general it is acknowledged that developing countries have a role to play in abating
global climate change, since their emissions are rapidly growing (see e..g.. (UN 1992; WRI
1997)). One of the major growth areas in developing countries is the production of energy
intensive bulk materials, because of currently low per capita consumption of these bulk
commodities$ Per capita cement consumption, for example, in the developing countries analyzed
in this paper, is a factor 2 to 6 times lower than the OECD, average.. For steel, the per capita
consumption is even 2 to 20 times lower than the OEeD average (Price, Phylipsen and Worrell
1999a; Price et aL 1999b). It is often assumed that energy efficiency in developing countries is
lower than in developed countries, especially in discussions related to joint implementation, the
clean development fund and emission trading. Therefore, improving energy efficiency in these
sectors is considered to be an important option for limiting energy-related greenhouse gas
emissions. International comparisons ca~ be a tool in benchmarking a country's perlonnance
against that of other countries or to prioritize emission reduction options either domestically or
abroad. Such comparisons are also very relevant in deciding on whether or not to submit projects
under the Clean Development Mechanism..

Scope
In this paper we focus on energy-related greenhouse gas emissions from the production

of two major bulk commodities, steel and cement, analyzing energy use per tonne of product in
the U0S0 and a number of key developing countries. We will analyze how the energy effi~iency

in these sectors in developing countries relates to that in the U ..S .. The steel and cement sectors
are chosen, because they are projected to be the largest energy-consuming industrial sectors in
developing countries in the future3 (price et al. 1998).

2 Excluding newcomers Mexico and South Korea . .
3 in 2020. As a whole, the chemical industry is expected to consume more energy than the cement sector. However,
the chemical industry consists of numerous different products, of which even the most important (ethylene,
ammonia, chlorine) account for far less energy consumption than cement.
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Section 2 describes the iron & steel industry and the cement industry. Section 3. explains
the methodology used for international comparisons of.energy efficiency in industry. In section 4
this methodology is applied to the U.S. and a number of major developing countries. Section 5
extends the analysis to energy-related GHG emissions. Finally, the discussion and conclusions
are presented in sections 6 and 7.

Description ~f the Iron & Steel and Cement Sectors

The Iron & Steel Industry

~n the iron & steel industry the main processes are ironmaking and steelmaking. Pig iron
is produced by reducing iron ore with coke (or coal) in the blast furnace. The pig iron serves as
an input for the basic oxygen furnace (BOF) or open hearth furnace (OHF), in which it is
converted into crude steel. The BOF route is the more efficient of the two and is the most·predo
minant process used to produce primary steel worldwide (lISI 1990). A recently developed
pr9cess, smelt reduction, combines coal gasification with the reduction of iron oxides to produce
pig iron. Smelt reduction presents one of the most advanced ironmaking technologies available,
making coke production and are agglomeration redundant.

Another route to produce steel is the electric arc furnace (EAF) route, predominantly used
to produce secondary steel (using scrap only). Secondary EAF steel is less energy-intensive than
BOF steel because coke production and iron production can be omitted. The EAF can also be fed
with iron from the direct reduction (DR) route. DR (or sponge) iron is used to enhance steel
quality or if high quality scrap is scarce and/or expensive.
Crude· steel is converted into finished products by casting, either in ingots or continuously.
Continuous casting is the more efficient option. Cast steel is processed in hot rolling mills, and
can subsequently be rolled into thinner products in the cold rolling milL

Global steel production in 1997 reached 800 Mt, with China (109 Mt) surpassing both
Japan (105 Mt) and the UeS$ (99 Mt) to become the world's largest steel producer (llSI 1999)e In
this paper we analyze the 5 largest developing country producers (in 1995): China, South Korea,
Brazil, India, Mexico~ Furthermore, we also include South Africa (20th largest producer
worldwide), because of a number of remarkable characteristics of the South African steel
industry. Figure presents the production of crude steel over time in the selected developing
countries and the U.S$' showing that the U.S., after a sharp decline in the late 1970s to early
1980s now has comparable production levels to China. The other countries have significantly
lower production levels (data as listed in INEDIS: from 1970-1985 (OECD 1995); from '86-'95
(TISI 1997); except for China: '71-'93 (MMI 1994), for '94-'95 (lISI 1997) and for South Africa:
(lISI various years).

The Industry

Two important processes in producing cement are clinker production and the blending of
clinker with additives to produce cement. Clinker production ,is the most energy-intensive step in
the production of cement. Clinker is produced by burning a mixture of mainly limestone
(CaC03), silicon oxides, aluminium oxides and iron oxides$ Production can take place using th~
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wet process, the dry process or an intennediate form (referring to the conditions of raw materials
processing). The dry process is more energy-efficient than the wet process. After the melt has
cooled down, clinker is blended with gypsum and, depending on the desired product, fly ash,
blast furnace slag or other additives. Product qualities depend on the relative amount of clinker in
the cement, which can range from 30-95% (Dutron 1993).

World cement production reached 1450 Mt in 1995 (Hendriks et al." 1999). This paper focuses on
the top-6 'developing country producers (China,' India, South Korea, Thailand, Mexico and
Brazil) and the U.S. The historical production rates for these countries are shown in Figure 1.
The figure shows especially rapid growth in China (note that China is plotted against the
secondary, vertical axis) and also in India, South Korea and Thailand.
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Figure l~ Historical production of steel (a) and cement (b) for the UeS* and major developing coun.trieso Note
that for cemen.t China is depicted on the right axis (data as listed in INEDIS: from 1970·'85 (OECD 1995),
from '86895 (lIS! 1997); except for China: '718'93 (MMI 1994), for '94... '95 (lIS! 1997) and for South. Africa:

VeY~)

Methodologies for International Comparisons of Energy Efficiency

Comparing energy efficiency between countries is difficult because of differences in'
economic structure.. Also within a specific country, the economic structure can change over time"

a sectoral level, we define sector structure as the product mix within a sector, accounting for
differences in product quality (e..g. primary vs. secondary steel) and factors that affect product
mix~ Feedstock and process type are not considered to be indicators of sector structure, unless
they influence the product mix (or product quality) (Phylipsen, Blok and Worrell 1998)..

The methodologies described here were developed through collaboration with
international en~rgy efficiency experts (Martin et aL 1994; Phylipsen et al .. 1996) and described
in the Handbook on International Comparisons of Energy Efficiency in the Manufacturing
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Industry (Phylipsen, Blok and Worrell 1998). The methodologies are currently being used within
the International Network on Energy Demand analysis in the Industrial Sector (INEDIS 1999).

Sector Structure
" In the iron & steel industry, product mix, defined as the share of iron, slabs, hot rolled

steel, cold rolled' steel and wire, is an important structural indicator. Furthermore, feedstock
(scrap vs. iron ore) is considered to be a structural indicator -because product quality can be
influenced by the scrap input due to contaminations from other metals (i.e. product mix is
influenced) and the amount of scrap available to a steel plant may be a limiting factor in choo
sing between iron and scrap (i.e. not amenable by the steel producer). This means that for iron
and steel both product mix and feedstock mix have to be taken into account into the calculation
of the sectoral reference SEC (Phylipsen, Blok and Worrell 1998).

A structural indicator in the cement industry is the clinker content of cement, because of,
again, product quality and the availability of alternative additives (e.g. blast fum"ace slag). Also,
imports and exports of the intermediate product (Le. clinker) are a part of -sector structure. Both
aspects, clinker content and import/export streams, can be incorporated into one single structural
indicator: the clinker production to cement production ratio.

It must be" noted that changing sector structure can also lead to a decrease in CO2

emissions. In the steel industry increasing the share of secondary steel will reduce energy
consumption and therefore emissions. In the cement industry the effect is even twofold.
Decreasing the clinker content in cement will reduce energy consumption, and thus energy
related emissions,but also process emissions resulting from the production of clinker. However,
in this analysis we focus on energy efficiency as a way to decrease emissions because of time
and space limitations.

Energy efficiency comparisons
Because of the influence of sector structure on energy intensity cross-country or cross

time comparisons cannot be made based solely. on trends in the absolute value of indicators such
as the specific energy consumption (SEC, energy consumption per tonne of product) for each
country. In our methodology we compare actual SEes with a reference SEC4 that is based on the
given sector structure. This means that both the actual SEC and the re~erence SEC are similarly
affected by changes in sector structure. The difference between the actual and reference SEC is
used as a measure of energy efficiency, because it shows which energy efficiency level is
technically achievable in a country with a particular sector structure. The relative differences, or
ratios, between actual and reference SEC can be compared between countries. Usually, this is
done by calculating an energy efficiency index (EEl): the ratio between actual SEC and reference
SEC. A country's reference SEC is established by calculating the weighted average of the
reference SEes of individual pr<?cesses.andlor products present in that countryo

4 Here defined as the SEC of the best plant observed worldwide, valid for most regions or countries. Such a best
plant is defined for each process and the sectoral value is calculated as the weighted average, based on the shares of
the various processes and products
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International Comparison

In this section we compare the iron and steel industry and the cement industry ·in the
selected countries. First, we discuss the technology base of these two industries, focussing on
some key technologies. Then we compare energy intensities of steel and cement production. For
one recent year we show how structure influences energy consumption, and the development of
the energy efficiency index over time is presented.

Technology Base
Figure 2 shows the technologies used in the iron and steel industry and the cement

industry. Figure 2.a depicts the share of energy-inefficient open hearth furnaces in total steel
production in each of the countries analyzed. It shows that the share of OHF has declined sharply
over the years for all of the countri,es analyzed. Only China and India currently have OHF-based
capacity left. The Figure also shows that South Korea, South Africa and Brazil phased out OHFs
before the U.S. Furthermore, the phase out in OHF-based capacity occurred more rapidly in most
of the developing countries analyzed than in the U.S. This is partly caused by the higher rate of
new construction in developing countries, in order to meet the fast growing demand.. In 'most of
the countries, however, also the absolute level of OHF-based production is declining..

Figure 2.b shows the, share of the electric arc furnace in total steel production. The share
of EAF can be used as an approximation of the ·share of secondary steel production (i.e. steel
recycling). According to Figure 2.b Mexico has a relatively high share of EAF-based production
of about 60% in recent years. The figure also shows that the U ..S., South Africa and, in recent
years, South ,Korea have a similar share of EAF steel of about 40%. The, other countries have a
lower share of EAF-based capacity of between 20-30%. This can partially be explained by
limited scrap availability (because of currently low per capita steel consumption rates) and poor
reliability of electricity supply (the main energy input for EAFs) in countries such as India
(Schumacher and Sathaye 1998). It must be noted that the EAF process can also be combined
with DR Iron, resulting in primary steel. This frequently occurs in developing countries. In South
Africa and India DRI comprises about 15% and 20% of iron production respectively5, while in
Mexico the share ofDRI is even about 50% (lISI 1997).

Figure 2.c shows the penetration of an efficient casting technology: continuous casting. It
shows that South Korea, South Africa, Mexico and Brazil had already implemented continuous
casting on a significant scale, before this technology became relevant in the U.S. steel industry.
South Korea and South Africa still have a higher share of continuous casting in total steel
production than the U.S., while Mexico and Brazil are currently regaining ground they lost
during the economic crisis in the mid-1980s. The. importance of continuous casting is still lower
in India and China, but implementation rates in recent years in the'se countries are comparable to
those in the U.S. (DEeD 1993; lISI various years; IISI 1997; ITSI 1999b)o
The smelt reduction process is currently only used on a commercial scale in South Africa. and
South Korea. A plant using the COREX smelt reduction process was built in Pretoria in 1986,
while a second is scheduled to come on line shortly (Iscor 1999). Another COREX unit is being
built India. No COREX units are currently used or planned in the UoS.

5 partly coal-based DRI production
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For the cement industry, an important energy efficiency indicator is the share.of wet
process in total cement production. The wet process is the less efficient process, so a lower share
of wet process plants will lead to higher overall efficiencyG Figure 2...d shows· the share of wet
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process-based cement capacity in the selected countries. The U.S. has the highest share of wet
process-based cement capacity of all the countries analyzed. For South Korea, Mexico and China
the wet process comprises less than 5% of total capacity in recent years. For Brazil and India, the
wet process accounts for about 10 and 15% respectively, while for the U.S. about 25% of cement
capacity is wet process-based. It must be noted that the share of the ·wet process in actual
production can be different For both India and Brazil wet processes account for about 2% of
total cement production. The faster phase out of wet capacity in developing countries i~ partly
caused by the high rate at which new capacity is constructed. In most countries, however, the
absolute level of wet process-based production is also declining (Cembureau v.y.). It must be
noted that, especially in China, a large part of the non~wet plants are shaft kilns, which in general
produce a lower quality cement than wet or processes.

Energy Intensity of Steel and Cement Production

Energy consumption per tonne of products is a simple measure of the energy intensity of
an industry (including both effects of energy efficiency and sector structure). Figure 3 shows the
primary energy intensity for the iron and steel industry6 (a) and the cement industry (b).
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Figure 30 Primary energy intensity in a) steel production and b) cement productioD$ Primary energy
consumption is calculated using an. electricity generating efficiency of 30%3 Data as listed in INEDIS (For
steel: all coUntries (OEeD 1993; IISI v.y.; lISI 1997; IISI 1999b); China (MMI 1994; Sinton, 1996); India
(lEA v.y.); Mexico (NEB Mexico v.y.); South Africa (NEB South Africa v.y.); U"S. (MECS v.y.)'. For cement:
aD. countries (Cembureau. v.yot); Brazil (Schaeffer 1995); China (Sinton 1996); India (AIS 1996; International
Cement Review 1998; TERI vey.); ;M:exico (NEB Mexico V"Yo; lNEGI 1994); U.S. (MECS v.y.; peA 1996»

6 excluding coke production
7 IvIECS is only published once every three years~ Data for the intermediate years are interpolated based on the SEC
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Note that these intensities do not take into account structural differences between
countries. In the steel industry South Korea is shown as the country with the lowest primary
energy intensity8 in recent ·years, followed by Brazil, Mexico and the U.S.9

• China10, India and
South Africa have higher primary energy intensities. In the cement industry primary intensity in
recent years is more closely grouped together than in the case of the iron & steel industry. South
Korea is again one-of the co~ntries with the lowest primary energy intensity11, along with Brazil
and Mexico. India appears to have reached comparable energy efficiency levels in recent years.
The U.S. and ~hina show higher primary energy intensities in cement production.

Energy Efficiency Comparisons

Part of the differences shown in Figure 3 is caused by differences in sector structure
between countries. Also, part of the trend can be caused by changes in sector structure over time,
such as an increased share of secondary steel. By applying the methodologies described in
section 3, we account for these effects. Figure 4 shows structure/efficiency plots for the iron and
steel industry and the cement industry for 1994 as an example. In both cases the actual SEC and
the reference-SEC are shown. The distance between the two is an indication of the relative
energy efficiency of each of the countries. Note that the graph may look different for other years
(see Figure 5 for trends in the relation between SEC and reference SEC).

For the iron and steel industry, the SEes are depicted as a function of the share of EAF in
total steel production (Figure 4.a). This is used (for representation purposes only) as an
approximation of secondary steel production (a higher share' of EAF leads to less coke
production, iron production and primary steel production, and therefore a lower SEC, depicted
by the diagonal reference-SEC line in Figure 4.a). It shows that South Korea and Brazil are the
most energy efficient, followed by Mexico and the U.S. The energy efficiency in China and India
is substantially lower.

Figure 4.b shows the structure/efficiency plot for the cement industry, depicting SEC as a
function of the clinker to cement production ratio. The solid diagonal line here represents the
reference SEC at .different clinker/cement ratioso The fact that South Korea's actual SEC is
below the reference-SEC indicates that our reference values for individual processes are out-of
date, as is confirmed by Park (1998), who lists actual SEes for South Korean plants that are
below the values we have used in this analysis. The figure does indicate, however, that here too
South Korea has the lowest efficiency improvement potential, followed by Mexico and Brazil.
India, the U"S. and China are less efficient

8 Primary energy consumption is calculated using a 30% electricity generating efficiency for all countries in order to
exclude differences in generating efficiency between countries. In this way we are comparing the efficiency in the
iron & steel industry between countries, instead of a mixture of the efficiency of the iron & steel industry and the
efficiency of electricity generation. The actual efficiencies of the countries analyzed range between 27 and 33%. It
must be noted that Brazil has a high share of hydro power in electricity generation. Depending on the conventions
used, also a higher efficiency can be calculated.
9 For the U.S., a double counting occurs in the published iron and steel industry data. Blast furnace gas (produced
out of coke) is included in the reported energy consumption" in addition to coke. Our preliminary estimate is that the
actual U.S. energy consumption is about 15% lower than the reported values in MEeS. Therefore, 15% is subtracted
from the specific energy consumption for steel.
10 For China energy consumption includes 'living energy', energy used in workers' residences, and mining energy.
This energy use, estimated at 6% by Ross and Feng (1991), is subtracted from the reported energy consumption.
11 For Korea data is only shown as of 1990, because for earlier years purchased electricity was not included
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Figure 4$ The structure/efficien.cy plots for iron and steel (a) and cement (b). The upper points represent
actual SEC, while the lower points represents the reference...SECi9 The diagonal lines in Fig.4a represent the
reference-SEC at various shares of EAF and the possible range of the product mix12

.. South Africa is not
included in Fige 4a because of a lack of data on product types. The solid fines indicate energy efficiency
improvement potentialse The diagonal in Figi&b shows the reference-SEC at various clinker/cement ratios.
Note that these figures only represent one year, and th.e situation can be different for other yearso Indexed
time series are shown in Figure 5

The relative difference between the actual SEC and the reference SEC as depicted in
Figure 4 (i.e$ the ratio of actual SEC to reference SEC) is a measure of energy efficiency13 that
can be compared between countries. This ratio is called the energy efficiency index (EEl) and its
development over time is shown in Figure 5 for iron and steel (a) and cement (b). An EEl of 100
represents an energy efficiency level of best plant technology.

For steel, there is a clear difference between the EEl (Fig.5a) and the primary energy
intensity shown in 19ure 3.a, with South Korea and Brazil more clearly separated from Mexico
and the U.S. in Fig 5.a, and China and (in recent years) India co~ng much closer. This means
that lower position of the U$S. and Mexico in Figure 3.a was mainly caused by a less energy-

12 Generally, a country's bp-SEC win be in between these two diagonal lines, depending on the exact product mix.
However, the lines are calculated assuming that EAFs are fed with scrap. In cC?untries, that have a substantial share
of DRI as EAF input, the bp-SEC of DR! is added to that of EAF steel. Therefore, the position of such countries
(such as Mexico and India here) appears shifted to the right, and might end up above the two bp-I1nes. For the
calculation of the energy efficiency indicator, however, this has no consequences, since actual production according
to both'the scrap-EAF route and the DRI-EAF route are included.
13 Note that the ratio decreases as efficiency increases. As with most of the known efficiency indicators, the energy
efficiency index, in fact, depicts the inverse. .
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intensive industry structure, and the higher position of India and China in that same figure was
mainly caused ~y a more energy-intensive structure.

Figure 5.b shows a less pronounced difference for the cement industry betwee:q. the trend
in primary energy intensity and the EEl. Based on· Figure 5.b, South Korea is slightly more
efficient than Brazil, while in Figure 3.b Brazil's primary energy intensity was lower than that of
South Korea. Also, the primary energy consumption of the U.S. and China were.comparable in
recent years, according to Fig.3b, while Figure 5.b shows the U.S. to. be somewhat more
efficient.

aSteei EnergyEfficiencyJndex b. Cement Energy Efficiency Index
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Figure So The Energy Efficiency Index for iron and steel (a) and cement (b)$ The EEl is the ratio of actual
SEC to reference-SEC, in which an index of 100 represents the reference (or best plant) SEC@ The further
above 100 a country is, the less efficient

Carbon Dioxide Emissions

The energy-related C02 emissions from steel and ceme11t production have been
calculated, using IPee carbon emission factors 14. Emissions of electricity consumed in the
production of steel and cement have been allocated to the industry, using national average
emission factors for each country and for each year (INEDIS 1999).

For iron and steel production, China's CO2 emissions rapidly increased to about the level
. of the in the 19708. The emissions of the other countries are still substantially smaller, than

those of the V.So For 1994 total energy-related emissions for cement production in China,
including fuel eInissions, amounted to about 54 Mt C (Hendriks et ale 1999), about 6 times the
current level of the U.S. India has currently reached about the same emission level as the U.S.

14 25.8 kg C/GJ final energy for solid fuels, 20.0 kg C/GJ for liquid fuels and 15.3 kg C/GJ for gases, 0 for biomass
energy (LHV). Process-related emissions are not included.
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and South Korea about half of that. The other countries' emissions are still sub'stantially smaller
than those of the U.S.

It must be noted that the figures mentioned above include a number of differences,
including different production volumes. Differences in production volume can be eliminated by
calculating the carbon intensity, i.e. the carbon emissions per tonne of product. For recent years
the carbon intensity of iron and .steel 'production has been about the same for South Korea,
Brazil; Mexico and the U.S., although the carbon intensity of the U.S. steel industry has been
increasing since 1990. The carbon intensity of steel production in China, India and South Africa
is substantially higher. For cement, Brazil has the lowest carbon intensity of the countries
analyzed, partly due to its high share of hydro power. Following are Mexico and South Korea, at
about the same level. In recent years, the U.S. and India have achieved about the same level of
carbon intensity, substantially higher than that of the other countries, with C~ina still slightly
higher.

It must be noted that carbon intensity still includes structural differences and changes, as
was the case for the primary energy intensity (Fig.3). To account for that, a carbon intensity
index can be calculated, comparable to the energy efficiency index' (see section 34>2). The carbon
intensity index is not shown graphically here because of space limitations, but the results are
very similar to those shown in Figure 5 for the energy efficiency index. Both are very different
from the trend in the primary energy intensity and in carbon intensity. Table 1 shows total C02
emissions, C02 intensity and the carbon intensity index for steel and cement for 1994. .

Ta.ble Sectoral CO2 emissions (Mt C), C02 intensity (t CIt) and carbon .intensity index
(ell) for iron and steel and cement production for 1994. In case best plant technology'

Id h b d th ell Id I 100

Notes. For China steel data are for 1993, cement data are for 1994, The Cll for South Afnca cannot be calculated
because the breakdown of steel products is unkno,wn;

woo ave een use, e wou equa
Country Iron & steel Cement

Total CO2 CO2 intensity crr Total CO2 CO2 intensity en
Brazil 9 0.36 135 1 0.05 119
Chinal. 142 1.53 201 64 0.15 145
India 20 1.03 204 8 0.13 135
Mexico 5 0.44 180 3 0.08 123
South Africa 9 1.64 _1..

South Korea 14 0.41 141 5 0.09 ·98
U.S. 45 0.49 177 9 0.12 130

.. l .1.

Discussion

paper the energy efficiency of the iron and steel industry and the cement industry
is assessed, using methodologies developed within Il\lEDIS, the International Network on
Energy Demand analysis in the Industrial Sector. Similar methodologies have been developed
for other industrial sectors. It must be noted that in other sectors the ranking of efficient countries
might be different. This, however, emphasizes the need for bottom up information on -energy
consumption and technology, instead of basing assumption on energy efficiency solely on
geographical location. '
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For most 9f the countries analyzed here, the required data are available and gathered in
the INEDIS database. Within INEDIS these data are checked for consistency, such as system
boundaries, conversion factors used (e.g. LHV or HHV), etc. For a number of smaller
developing countries, however, no data on energy consumption, product mix and technologies
used are available within the country itself. For other countries, such as China and Ind:ia, data
quality might .be a problem. For India the results found in this paper for the cement industry are
comparable to those found by Bode et ale (1999), Schumacher and Sathaye (1998) and (Das and
Kandpal 1997)15. It. appears that for the Indian cement industry only medium size and small
plants are included in both energy and production data. The not-included small plants are
estimated to account for 5% of production and 10% of energy consumption (CMA 1998).
Including these small plants in our analysis will result in an' increase in average specific energy
consumption and a decrease i~ estimated energy efficiency. Roughly, this will result in an
increase'in SEC of 5% and in the energy efficiency index of 11 points.

For the Chinese cement industry other sources list somewhat lower primary energy
intensities (about 10% lower) (Zhiping and Sinton 1994; Sinton and Yang 1997). It is not clear
whether small cement plants are included in those studies, as they are for China in our analysis.
A 10% lower primary intensity in recent 'years would roughly have resulted in a decrease in the
efficiency index of ten points. For steel, Zhiping and Sinton (1994) also list a specific energy
consumption for key plants only, that is about 10% lower than our results. A 10% lower SEC
would result in a p.ecrease in the energy efficiency index of 20 points (on a total of about 230).

Generally speaking, the ranking of countries in terms of energy efficiency corresponds
with the technology base as shown in section' 4. The least efficient countries (China and India) in
steel production have the highest share of OHF capacity and the lowest share of continuous
casting, while the most efficient country (South Korea) has the lowest share of OHF capacity and
the highest share of continuous casting. In the cement industry, the most efficient countries are
the countries with the lowest share of wet process capacity. Only China· is less efficient than
what would be expected based on the share of wet process capacity.

Conclusions

paper demonstrates that a number of key developing countries are equally or more
energy efficient than the UsSe industrye In the steel industry, South Korea and Brazil are more
efficient than the while Mexico has achieved a comparable level of energy efficiency. For
cement production, South Korea, Mexico and Brazil are more efficien'C than the U.S., while also
India appears to have become more efficient in recent years. China is the least efficient country
in our analysise The data for India and China, however, must be interpreted with care, and a
further analysis of these countries is needed.

The UoS. position on. climate change is that it will not ratify the Kyoto Protocol unless
developing countries show meaningful participation. The key developing countries analyzed in.
this paper are important in the context of climate change, since they are experiencing rapid
growth in production and emissions. Our analysis indicates, however, that many of these
countries are producing steel and cement equally or more efficiently than the U.S. More
information on the relative efficiency of other industrial sectors is essential for U$Se policy

15 Our results' are slightly higher than those of (Karwa et aL 1998), but those values are based on a limited sample
size and extrapolation.
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makers in light of on-going climate negotiations and potential decision-making on investments
projects under the Clean Development Mechanism.

Acknowledgements

This work was supported by the Atmospheric Pollution Prevention Division, Office of Air and Radiation,
U.S. Environmental Protection Agency and by the Assistant Secretary for Energy Efficiency and
Renewable Energy of the U.S. Department of Energy under Contract No. DE-AC03-76SFOOO98. The
authors want to thank Yvonne Blomkamp (Energy Reseach Institute, University of Cape Town), Chris
Cooper (Rand Afrikaans University) and ~ohan van Wijk and Janneke Weidema (South African
Department'of Minerals and Energy) for their help on South African data. They are also very grateful to
Jonathan Sinton (LBNL) for his invaluable contribution to the Chinese data and Giovani Machado
(LBNLlFederal University of Rio de Janeiro) for his work on the Brazilian data. The authors also want to
express their gratitude to Katja Schumacher (LBNL) and Jan-Willem Bode (Utrecht University) for their
assistance with the Indian data.

References
A.I.S., 1984, Annual Industry Survey 1983-1984, Government of India, New Delhi.
Byrd-Hagel, 1997, Byrd-Hagel- Senate resolution, http://www.nationalcenter.orgfKyotoSenate.html,

January 22, 1999.
Cembureau, 1977, 1980, 1983, 1996, World Cement Directory, Cembureau, Brussels.
CMA, 1998, Basic Data Indian Cement Industry 1998, Cement Manufacturing Association, New Delhi.
Das, Ae and To C~ Kandpal, 1997, "Energy-Environment Implications of Cement Manufacturing

in India: A Scenario Analysis", International Journal ofEnergy Research, Vol. 21,
p.1187-1202.

Dutron, P. 'European (EN) and world (ISO) standards - Comparison with ASTM standards', Cement,
Concrete and Aggregates 215 pp.145-148.

Hendriks, e.A..,E" -Worrell, L. Price and N. Martin, 1999, Greenhouse gases from cement production,
Ecofys, Utrecht, the Netherlands, for the rEA greenhouse gas R&D Programme..

lISI, various years, Steel Statistical Yearbook, International Iron and Steel Institute, Brussels"
ITSI, 1997, Steel Statistics ofDeveloping Countries, International Iron and Steel Institute, Brussels.
nSI, various years, Steel Statistical Yearbook, International Iron and Steel Institute, Brusselse

1999, 'The largest steel producers in the world', International Iron and Steel Institute web site:
http://www.worldsteeLorglsteeldatacentre/lgcountry.htm. January, 8, 1999. .

ITSI, 1999b, International Iron and Steel Institute Online, International Iron and Steel Institute website:
http://www.worldsteel.org/steeldatacentre/countries1998.htm. January 8, 1999.

INEGI, 1994, Historic Statistics ofMexico (in Spanish), Instituto Nacional de Estadistica, Geografia e
Informatica, Aguascalientes (Mexico).

International Cement Review, 1998, n~dian cement faces some challenges",.1an. 1998..
IP 1996, Revised [PPC Reporting Guidelines, Intergovernmental Panel on Climate Change, Geneva..
INEDIS, 1999, International Networkfor Energy Demand Analysis: Industrial Sector, N.C. Martin, B.

Lehman, E. Worrell, L.K. Price, C. Ganson (eds.), Lawrence Berkeley National Laboratory,
Berkeley.

Karwa, C"V", J~ Sathaye, A. GadgiI and M .. Mukhopadhyay, 1998, Energy Efficiency and
Environmental Management in the Indian Cement Industry.. ADB Technical Assistance
Project (TA:2403-IND)o Forest Knollso

206



Martin, N., E. Worrell, L. Schipper and K. Blok, 1994: International Comparisons ofEnergy
Efficiency, workshop proceedings, Berkeley, March 1994e

IvIECS, various years, Manufacturing Energy Consumption Survey, Energy Information Administration,
U.Se Department of Energy, Washington D.Ce
MMI, 1993, China Iron and Steel Statistics, Ministry of Metallurgical Industry, China
MMI, 1994, Yearbook ofIron and Steel Industry ofChina, Ministry of Metallurgical Industry, China.
NEB Mexico, various years, National Energy Balance (Spanish), Secretaria de Energia, Mexico CitYe
NEB South Afri~a, various years, National Energy Balance, Rand Afrikaans Uniyeristy, Pretoriae
OECD, 1995, World Steel Trade 1983-19?3, Organization for Economic Co-Operation and

Development, Paris.
Park, HeC., 1998, 'Strategies for assessing energy conservation potentials in the Korean manufacturing

sector', in: 1998 Seoul Conference on Energy Use in Manufacturing.eEnergy Savings and C02
Mitigation Policy Analysis, Korean Energy Economics Institute, Korean Resource Economics
Association, SeouL

peA, 1996, U.Se Cement Industry Fact Sheet, 14th edition, Portland Cement Association, Skokie, IL.
Phylipsen, Gel.M., K., Blok and Ee Worrell, 1998: Handbook on International Comparisons ofEnergy

Efficiency in the Manufacturing Industry, Dept of Science, Technology and Society, Utrecht
University, Utrecht .

Phylipsen, G.I.M., Ie Nyboer, JeTe Oliver, A. Pape, E. Worrell and K. Blok, 1996: Methodologiesfor
International Comparisons ofIndustrial Energy Efficiency, proceedings ofthe workshop on,
April 1-2, Vancouver Be,. Dept. of Science, Technology and Society, Utrecht University, Utrecht

Price, Le, D. Phylipsen, Ee Worrell, 1999a, Energy Use and Carbon Dioxide Emissions in the Steel Sector
in Key Developing Countries.· Preliminary Sector Analysis, Lawrence Berkeley National
Laboratory, forthcoming.

Price" L~, D. Phylipsen, J. Sinton and E. Worrell, 1999b, Energy Use and Carbon Dioxide Emissions
in the Cement Sector in Key Developing Countriese· Preliminary Sector Analysis, Lawrence
Berkeley National Laboratory, forthcoming.

Price, L., E. Worrell, N~ Martin and De Phylipsen, 1998, Energy Savings Scenario's - Developing
Countries - Industrial Sector, Lawrence Berkeley National Laboratory, Berkeley"

Ross, M., and Le Feng, 1991, 'The energy efficiency of the steel industry of China', Energy, voL16,
no.5, pp.833-848e

Schaeffer, Re, 1995, personalcommunication, Federal University of Rio de Janeiro, Brazil, 1995.
Sinton, Je, 1996, Energy efficiency in Chinese lndustrye· Positive and Negative Influences ofEconomic

Systems Reforms, PhD Thesis, University of California, Berkeley, pp. 55-74.
Sinton, J.E.. , an4 F. Yang, 1997, Sectoral Energy Efficiency Opportunities in China, Lawrence

Berkeley Laboratory, Berkeleye
SPP, 1980, La industria siderurgica en Mexico
TERI, 1978, 1983, 1994, TEDDY.e TERI Energy Data Directory Yearbook 1988, 1993, Tata Energy

Research Institute, New Delhi.
UN, 1992, United Framework Convention on Climate Change - text, United Nations, Geneva.
UN, 1997, The Kyoto Protocol to the United Nations Framework Convention on Climate Change,

United Nations, Genevae
USIA, 1997, 'The U.S. Proposal on Climate Change: Realistic and Achievable, the United States

Information Agency, USIA web site: http://wwweusia.gov/topical/global/environ/intro.htm.
February 5, 199ge

1997, Are Developing Countries Already Doing as Much as Industrialized Countries to Slow
Climate Change, World Resources Institutee

Zhiping, L., and J.E. SintoD<t 1994, Industrial sector energy conservation programs in the People's
Republic ofChina during the seventh Five-Year Plan (1986-1990), Lawrence Berkeley
National Laboratory, Berkeleye .

207




