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Foreword

One of the functions of the Center for Global Environmental Research (CGER) is to provide data and
information on the global environment to researchers, as well as to administrators worldwide. CGER has
issued various publications since its establishment in 1990 for the purpose of disseminating the latest
knowledge on the global environment.

Drafting measures to reduce CO, emissions is important to Japan in the context of international
agreements like the UNFCCC (United Nations Framework Convention on Climate Change) and the Kyoto
Protocol on the global warming problem. We have also domestic regional environmental problems to solve;
we therefore need to devise environmental policies and technical measures to cope with both global and
regional issues.

This data book, "Embodied Energy and Emission Intensity Data for Japan Using Input-Output Tables:
Inventory Data for LCA" is a compilation of energy consumption, CO, and air pollutant emission
intensities by different economic activity sectors in Japan. This data can be utilized to not only to make
quantitative assessments of the CO, reduction effects of countermeasures, but also to calculate the
associated changes in levels of air pollutant emissions. Today, in response to international standardization
for environmental management, as defined by ISO (the International Standardization Organization), interest
in Life Cycle Assessment (LCA) has been growing. This data is also expected to be used as life cycle
inventory data for LCA.

I hope this data book will be of use to researchers in related fields and to members of the public who are
interested in global and regional environmental issues and LCA.

March 2002

Gen Inoue

Director

Center for Global Environmental Research
National Institute for Environmental Studies






Preface

Stored at the National Institute for Environmental Studies (NIES) are data obtained during studies on
structural analysis of CO, emissions and life cycle inventory analyses. Their results for the period from
1975 to 1990 have been compiled as "Carbon Dioxide Emission Intensity Based on Input-Output Analysis"
(Kondo et al., 1997), published by CGER in 1997. Since then, NIES has been collaborating with the
Graduate School of Energy Sciences at Kyoto University in applying the data to LCA case studies and
adding data on emissions of nitrogen oxides (NO,) and sulfur oxides (SOy) to the intensity database.

After the release of the "1995 Input-Output Tables” (MCAG, 1999) in May 1999 in Japan, the energy
consumption and CO, emission intensities for 1995 were compiled and entitled "Energy Consumption and
Carbon Dioxide Emission Intensities Based on Input-Output Analysis: '95 (B Edition)", and provisionally
opened to the public via a website at Kyoto University. Since then, we have endeavored to improve the
quality of the database, taking into account the results of questionnaire surveys and extensive dialogues
with its users.

The data on embodied environmental burden intensities were calculated for emissions of major air
pollutants (NO,, SOy, and suspended particulate matter [SPM]), in addition to CO, emissions and energy
consumption, and compiled as a data book entitled "Embodied Energy and Emission Intensity Data for
Japan Using Input-Output Tables (3EID)" and as electronically accessible data on a CD-ROM. The main
improvements in this publication over the § Edition are more accurate estimates of fuel consumption, and
changes in calorific value and CO, emission factors for individual fuels, etc., in addition to air pollutant
emission intensity. Moreover, this data book also includes the intensities from the 1990 Input-Output
Tables" (MCAG, 1994), recalculated in the same way as in 3EID, to allow users to make comparisons.

The estimation process for intensities is open to users to the maximum extent possible: we believe that
data transparency is important for distribution and improvement of the database. We hope the data in 3EID
will be of practical use as one of the useful InDexes in the areas of Energy, Economics, and Environmental

Keisuke Nansai
Yuichi Moriguchi
Susumu Tohno

March 2002

Authors
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Introduction and Overview of Input-Output Analysis 1

Chapter 1

INTRODUCTION AND OVERVIEW OF
INPUT-OUTPUT ANALYSIS

1.1 Utilization of Input-Output Tables in Environmental Analysis

In input-output tables, which were originated by Wassily Leontief, the 1973 Nobel laureate in economics,
exchanges of goods and services among industrial sectors are presented in matrix form. Most of the
actually available tables are specified in money units. Energy and resource flows among industries can be
analyzed on the assumption that goods are transferred in direct proportion to their monetary value.
Input-output tables have been frequently applied to the analyses of environmental issues (e.g. Hondo et al.,
1998, 2002, Asakura et al., 2001), including attempts by Leontief (e.g. Leontief, 1970) himself.

If we extend input-output tables in physical units to cover input from the natural environment to industry
(extraction of natural resources) and output from industry to the natural environment (discharge of wastes
and pollutants) as well as transactions among industrial sectors, the input-output approach can be applied to
a much wider area of environmental issues. At present in Germany, the Federal Statistical Office prepares
input-output tables in physical units (Stahmer et al., 1997). In the field of environmental economics, this
approach is termed the "metabolic approach". This is an attempt to describe the interaction with the natural
environment as a metabolic process in the framework of economic analysis. Material flows between the
natural environment and economic activities are not accurately described by traditional economic analysis,
although they generate external costs as a result of environmental pollution.

The method for calculating energy consumption to produce a final product, including indirect
consumption by upstream industries such as the component and material industries, is known as energy
analysis. In Japan, studies of energy analysis were extensively performed around 1980 (Resource Council,
1979, Kaya, 1980, Japan Resources Association, 1994), and since then, analyses have been conducted for a
wide range of economic processes. From the early stage of the analysis, the methodology of applying an
input-output approach to calculate production induced by final demand has been used. This methodology
has been applied to environmental analysis (Moriguchi et al., 1998). In recent years, this method has been
frequently used in Life Cycle Assessment (LCA), and various analyses have been conducted on energy
consumption and CO, emissions, which are comparatively easy to estimate. In the area of LCA, a catalog
tabulating environmental burdens throughout the life cycle of a product, process or activity under
consideration is called Life Cycle Inventory, and takes the form of a table summing up microscopic
resource inputs and waste outputs. This clearly is a type of "input-output table". As described below,
input-output analysis came to be applied to inventory analysis of LCA on the grounds of their similarity.

"Life Cycle Thinking"”, aiming at evaluating not only direct environmental burdens associated with
economic activity, but indirectly- and/or induced burdens, is an essential viewpoint when we try to analyze
the circulation of resources and wastes throughout the economy. In other words, analytical methods that
take into account “indirect and/or inducement” effects are needed to conduct a comprehensive analysis of
the relationship between overall economic activity and environmental issues as well as to carry out product
LCA in the narrow sense. These methods share common ground with the disciplines of engineering and
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economics. Combining analytical methods from both these disciplines can create a powerful tool for
environmental system analysis.

1.2 Utilization of Input-Output Tables in Inventory Analysis of LCA

1.2.1 Relationship between Input-Output Analysis and Inventory Analysis

In inventory analysis of LCA, first, a flow diagram is drawn to describe the processes that constitute the life
cycle of the products under consideration. Then the input/output of each process is investigated. Here, input
indicates elements put into the process, including resources, materials and components; and output
indicates elements produced/discharged from the process, including products, by-products, pollutants, and
wastes. Both input and output include relevant elements transferred directly from/to the environment and
from/to other processes (e.g. other establishments or industries). It is one of the characteristics of LCA that
every element transferred indirectly from/to the environment can be quantified by tracing the upstream
and/or downstream flows from/to other processes.

Applying the input-output approach to inventory analysis in LCA has to be carried out with two
principles in mind.

One is that input-output tables provide input and output data on inventory without modification or with
minimal processing. Conventional input-output tables are accompanied by another set of tables, called
"Tables of Values and Quantities" that describe the input to each sector in the form of quantities of key
materials, including energy products such as petrochemical products and electricity, as well as chemical
feedstock and steel products. Since the total production for each commodity is also reported as a physical
amount, we can, in principle, obtain material input per unit production by each sector. In particular, fuel
consumption data is useful in estimating air emissions by multiplying them by emission coefficients.
However, there are several problems with the data quality in the Tables of Values and Quantities; therefore,
numerous corrections and additions using other, different statistical tables are made before using them as
inventory data.

The other is that the essence of life cycle inventory analysis is embedded in the input-output tables in
themselves. The process analysis method requires detailed input and output data for individual processes,
while input-output tables include all groups of processes or industry sectors relevant to economic activities,
indicating that the required data have been prepared beforehand. In input-output analysis, this is done in a
single step of "multiplying by inverse matrix", which is mathematically identical to the summing up
indirect input/output traced back a step to step.

1.2.2 Utilization of Embodied Environmental Burden Intensity from Input-Output Tables in
Inventory Analysis

Embodied environmental burden intensity (embodied intensity) obtained from input-output tables shows
direct and indirect environmental burdens linked to unit production activity of goods. In general, the
embodied intensity is expressed per standard monetary unit (one million yen); and re-dividing it by the unit
price leads to the embodied intensity per unit quantity. The unit prices of many items are listed in the "Table
of Domestic Products by Sector and Commodity" attached to the input-output tables. One sector often
includes multiple commodities. The application of a unit price to obtain quantity implies that environmental
burden associated with production in a certain sector is generated in proportion to the production cost in
that sector.

Allocation of environmental burdens in proportion to monetary value is implicitly conducted even in the
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general calculation process of input-output analysis. This is closely related to the so-called “allocation
problem" of LCA. A single process often produces multiple commodities (joint production). The question is
how to allocate resource inputs and burden outputs to each product when dealing with processes that have
co-products. Similar problems arise in many other cases, such as in the simultaneous treatment of many
different kinds of wastes, in the utilization of by-products, and in recycling processes. This is an allocation
problem, and allocation by physical amount (e.g. mass) or economic value is proposed as a solution.
Differences in allocation methods are one of the factors that affect embodied intensities (Moriguchi et al.,
1998).

Embodied intensity per amount of money obtained from input-output tables can be used to estimate the
environmental burden of a facility by multiplying the prices in a bill for facility construction by embodied
intensity. In this case, it should be noticed that there are two different types of prices in input-output tables:
the market shipment price of the sector that has produced the relevant item (the producer price) and the
price plus domestic transportation charges and trade margins (the purchaser price). Most calculated
embodied intensities are expressed on the basis of producer price; all others are expressed on the basis of
purchaser price. In the case of purchaser price, the purchaser under consideration should be specified, since
embodied intensity per purchase price varies according to purchaser.

The data from input-output tables comprises one useful data source, since satisfactory inventory data
acquired by the process analysis method has not yet been prepared and published. In particular, these data
are very significant, since all products and services are covered. However, it should be recognized that
there are limitations to the application of data from input-output tables.

The chief drawback with Japanese input-output tables (the Input-Output Tables) is that all commodities
and services are classified into a very limited 400 or so categories. Therefore, one category contains many
different products. Individual sectors are provided for typical materials, including steel, glass, resin, and
paper, but a large number of different manufacturers produce these materials, and they consist of an
immense number of different types and qualities of products. Therefore, input-output analysis provides
only an average value. When it comes to more highly processed products, such as machinery, very different
types of products are lumped together in one sector. Typically, the "Other electric household machines and
equipment™ sector includes a wide range of products, such as microwave ovens, air conditioners, washing
machines, refrigerators, and vacuum cleaners. In this case, it is obvious that multiplying the price of each
product by the intensity per price in this sector will provide only a very rough estimate.

One increasingly common approach to overcoming these problems with input-output tables is to use a
method that combines the process analysis method and input-output analysis, called the "hybrid method".
With this method, inventory items directly related to the production process of the target products, such as
energy consumption and emissions during the process, are investigated on-site. The composition of primary
materials purchased directly from other industries is also investigated in detail. The environmental loads are
then estimated by multiplying their price with the corresponding embodied intensities obtained from
input-output analysis. For major contributing items, of course, the process analysis method may be used by
tracing back to the primary material purchased. This method makes comparison possible for material
substitutions or design changes to a product, which fits in with the intended purpose of LCA.

On the other hand, there are several studies, in which components of products and equipment are
categorized into materials such as steel, glass, and plastic: the environmental loads are then determined by
multiplying their weights with the embodied intensities per unit weight respectively and finally summed.
This method carries the risk that the "yield" of used materials, and the environmental burden imposed
during the processing of the materials or in setting up on-site may be overlooked. In such cases, a method is
proposed in which environmental burdens imposed during the production of materials and subsequent
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processing are calculated using the input-output tables for similar products. The calculated results are then
used to correct the burden values of the product to be studied (Shiozaki et al., 1996).

Adopting either detailed data for directly concerned items obtained via the process analysis method or
extended data obtained from input-output analysis as necessary will make inventory analysis much easier.

1.3 Calculation Method of Embodied Intensity Based on Input-Output Analysis

As described above, some embodied intensities can be obtained using producer prices in input-output tables,
and others are obtained using purchaser prices. The producer price is based on the 'factory gate' value of a
product, whereas purchaser price is based on the sum of producer price, domestic transportation charges,
and trade margins. We will describe our calculation methods for these two different sets of embodied
intensities based on input-output tables as follows.

1.3.1 Embodied Intensity Based on Producer Price

The treatment of imports in the input-output tables has a significant effect on the basic input-output model,
regardless of whether it is based on producer price or purchaser price. If the environmental burdens related
to the production of imported products are assumed to be identical to those of the same domestic products,
the total environmental burden generated by processes in sector j is the sum of the direct and indirect
burdens from intermediate demands which satisfy the following equation:

€ Xy T Xy +o € X T X +Dj =erj, (1-1)

where e; indicates environmental burden in sector j, generated directly or indirectly per unit production
(million yen - producer price), or embodied intensity (amount of burden/million yen - producer price); X;
indicates domestic production of sector j (producer price); D; indicates direct environmental burden
generated by activities in sector j, which will be estimated in Chapter 2; and x; indicates input quantity
(producer price) from sector i into sector j.

Dividing both sides of Equation (1-1) by X;, and using input coefficient a; and direct burden per unit
production d; gives us Equation (1-2):

a6 +a,;8,+ - +a, ;8 +-+3, ;e +dj =e;, (1-2)
where,
a; =%,;1X;, (1-3)
d,=D;/X;. (1-4)
Expressing these with vector and matrix for sector j = 1,---, n gives us Equation (1-5),
ay 8y @y,

e, e, - e " +d, d, - dy)=(e, & -+ e). (15

an,l an,Z an,n

Then, expressing Equation (1-5) with embodied intensity vector e, direct burden per unit production d,
and input coefficient matrix A in Equations (1-6), (1-7), and (1-8), respectively, gives us Equation (1-9):

e:(el € - en)' (1-6)
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d=(d, d, - d,), (1-7)
a; A &

A=| B B2 B (1-8)
G B

eA+d=e. (1-9)

Solving this equation for e provides Equation (1-10), which gives embodied intensity.
e=d(I-A)". (1-10)

This method is now widely used, since it is difficult to make accurate estimates of environmental
burdens for imported products. However, since such products as petroleum, coal, iron ore, and aluminum
are produced domestically only in small quantities in Japan, this method provides totally different values
from reality. (I-A)?, called “Leontief’s Inverse Matrix”, or simply “Inverse Matrix”, is a fundamental
matrix for input-output analysis that identifies any ripple effects among economic sectors.

Conversely, the following method involves calculating the environmental burden for only domestic
production activities, and excludes inputs from imported products.

Import coefficients m; that represent percentages of imported products with respect to intermediate
demand and domestic final demand in sector i is defined as Equation (1-11):

m, = L, (1-11)

i~ n
a; X j+ F
j=1
where M; is imports in sector i, n is the number of sectors, and F; is domestic final demand.
Subtracting the environmental burden for imported products from Equation (1-2) gives us Equation

(1-12):
a“el+a2'je2 +-~-+ak’jek +~~+an'jen

(1-12)
—(alvjmle1 +8, M€, +--+a ;M8 +---+an,jmnen)+dj =€,
then, expressing import coefficient m; using diagonal matrix M:
eA-eMA+d=e, (1-13)
and solving this equation for e gives us the following Equation (1-14)
e=d{l-(1-M)A}™". (1-14)

Equation (1-14) provides embodied intensity for domestic producer goods, giving an accurate value for
the actual burdens domestically generated.

1.3.2 Embodied Intensity Based on Purchaser Price

To calculate embodied intensities based on purchaser price, environmental burdens from trade and
transportation need to be added to the embodied intensities based on producer prices. In the Input-Output
Tables, "1. Wholesale trade" and "2. Retail trade" are included in the trade margins, and "1. Railway
transport (freight)”, "2. Road freight transport services”, 3. Coastal and inland water transport”, "4. Port

transport service", "5. Domestic air transport (freight)”, "6. Freight forwarding", and "7. Storage facility
service" are included in the domestic transportation charges. The purchaser should be specified because the
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purchaser price margin varies according to the purchaser.

In this work, embodied intensities based on purchaser price are calculated for the "general consumer,"
corresponding to the "Consumption expenditures of households" sector as follows. Firstly, the trade
margins and domestic transportation charges needed for input from each sector to the "Consumption
expenditures of households" sector are included in the output table. They are then multiplied by the
embodied intensities for the corresponding margin and domestic transportation sectors, thus providing
direct and indirect environmental burdens corresponding to the margin and transport fee for each sector in
the "Consumption expenditures of households" sector.

2 7
I-i,house = zemgn Xir,nhgortjse + zefeexif;eouse ' (1'15)
mgn=1 fee=1

where

Linouse  direct and indirect environmental burdens for trade margins and domestic transportation fees
from sector i to the "Consumption expenditures of households" sector (house),

X" house trade margin amount (mgn: 1. Wholesale trade, 2. Retail trade) in input from sector i to house

xfeei,house transportation fees (fee: 1. Railway transport (freight), 2. Roads, 3. Coastal and inland water
transport, 4. Port transport service, 5. Domestic air transport (freight), 6. Freight forwarding, 7.
Storage facility service) for input from sector i to house,

mgn embodied intensity of the trade margin sector (mgn: 1. Wholesale trade, 2. Retail trade),

Efee embodied intensity of the domestic transportation sector (fee: 1. Railway transport (freight), 2.
Roads, 3. Coastal and inland water transport, 4. Port transport service, 5. Domestic air transport
(freight), 6. Freight forwarding, 7. Storage facility service).

The following Equation (1-16) provides the direct and indirect environmental burden Pjpouse Which
corresponds to the output X; nouse from sector i to the "Consumption expenditures of households" sector,

P =eX (1-16)

i,house i, house *

Direct and indirect burden corresponding to purchaser price Z; (production + margins + transportation fees)
of sector i in household expenditure is the sum of Pjpouse and Linouse- Therefore, the following Equation
(1-17) gives embodied intensity c; based on purchaser price (for general household consumers).

P + L P + L

i,house i,house i,house i,house
C = = (1-17)

1 2 7 '
Z m
gn fee
I Xi,house + z Xi,house + z Xi,house

mgn=1 fee=1
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Chapter 2

ESTIMATION OF SECTORAL FUEL
CONSUMPTION IN JAPAN

2.1 Calculation Process for Embodied Energy and Emission Intensity

The Input-Output Tables, prepared in 1995 and 1990, were used for calculating embodied energy, CO,,
NOy, SO, and SPM emission intensities. In 3EID, the embodied intensities in both years were calculated
using the same method to enable comparison of the values and their applications between 1995 and 1990.
Here, we describe the estimation method based on the 1995 table. We applied the same methods, statistical
tables and citations to the 1990 data. The calculation process for embodied energy and emission intensity in
3EID is shown in Fig. 2-1.

The 1995 Input-Output Tables consisted of 519 rows and 403 columns in rectangular matrix form for the
basic sector classification. We then consolidated several sectors to convert the matrix into a perfectly square
matrix with 399 rows and 399 columns. Next, for 400 sectors (including the “Consumption expenditure of
households" sector, which is one of the final demand sectors), we estimated gross consumption, expressed
as physical amount for each sector, of 6 coal-based fuels, 12 petroleum-based fuels, 3 natural gas-based
fuels, and 5 other fuels. The Tables of Values and Quantities gives the main data on consumption of these
fuels; however, some values include large errors due to the characteristics of the estimation method. We
corrected the errors by using other public statistics and a questionnaire survey.

The net contribution rate to environmental burden was then set for each combination of fuel type and
sector to exclude fuel consumption that was converted into another fuel type (secondary energy) or used as
feedstock, and accordingly which was not a direct cause of the burden. Consumption of fuels contributing
to environmental load was obtained by multiplying the gross fuel consumption by the net contribution rate
and calorific value for each fuel. This allows calculation by fuel type. Energy supply from non-thermal
power generation sources was also taken into account.

Emissions of CO, were calculated by multiplying the obtained energy consumption for each fuel type by
its corresponding CO, emission factor. Furthermore, we estimated CO, emissions from limestone, an
emissions source separate from fossil fuel.

Emissions of NOy, SOy, and SPM were classified into either that from stationary sources or from mobile
sources. Emissions from stationary sources were obtained by multiplying energy consumption by emission
factor, taking into account Japanese removal technologies for denitrification, desulfurization and dust
collection. In addition, NO, emissions from electric furnaces, SO, from non-ferrous ores and SPM from
incineration of agricultural bio-wastes (open burning) were taken into consideration as emission sources
originating in non-fossil fuels. Emissions from mobile sources, especially from automobiles, were
estimated in detail, based on vehicle type and driving conditions. For SPM, emissions from wearing away
of tires were also included. However, SPM in these estimates took into account only primary particles
which are generated as a particle originally, not secondary particles which are particles transformed from
substances in the gaseous phase through the action of atmospheric chemical reactions.

Finally, energy consumption and pollutant emissions by source were totaled for each sector in the
Input-Output Tables. They were treated as direct energy consumption or direct emissions for each sector.
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For 399 sectors except for the "Consumption expenditure of households™ sector, embodied intensities
taking the ripple effect into account were then calculated using input-output analysis as described in
Chapter 1.

Suspended particulate matter (SPM), for which a Japanese environmental quality standard is established,
is defined as air-suspended particulate matter smaller than 10 um in diameter. On the other hand, "soot and
dust generated by combustion™ and "particulates" are particulate matters that fall within the definition of the
Air Pollution Control Law, in which differences in generation mechanics are specified, but there is no
precise definition of particle size. The SPM emission factor for stationary sources, which will be used in
Chapter 3, is based on data for soot and dust resulting from combustion; the contribution from facilities that
mechanically generate dust is not taken into account. Some mechanical dust may have a diameter of less
than 10 um and be suspended in the air, but most particles are larger and rapidly deposit in the form of
fall-out dust, as assumed here for mechanically generated particles. On the other hand, most soot and dust
generated by combustion is regarded as consisting mainly of particles suspended in the air that have
escaped capture by the dust collectors installed in many facilities. Particulate matter described in this book
is treated as suspended particulate matter (SPM), since most particulate matter from mobile sources
remains in aerial suspension. However, since it was difficult to obtain definite information on particle sizes
for each emission source, the particle size of SPM in 3EID is not necessarily less than the 10 um specified
in the environmental quality standard.
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2.2 Sector Consolidation

The 1995 Input-Output Tables consist of a rectangular matrix built of 519 rows and 403 columns based on
the basic sector classification (basic classification). To carry out Leontief inverse matrix in input-output
analysis, the Table must be in the form of a perfect square; therefore, some sectors in the basic
classification needed to be consolidated.

In 3EID, embodied intensity was calculated by sector classification, in which the number of sectors was
aggregated to 399 (detailed classification), 186 (small classification), 93 (middle classification) and 32
(large classification), respectively. Aggregation into 186, 93 and 32 sectors is consistent with the original
classification of the Input-Output Tables. For aggregation into 399 sectors, one column code is basically
regarded as one sector on the column side, whereas one or more row codes are consolidated into one sector
on the row side. Items with row codes containing two or more identical digits were aggregated into the
same sector. However, as shown in Table 2-1, there were a few exceptions in which different column codes
were aggregated into one sector.

Table 2-1 Specially consolidated sectors and corresponding sectors on basic sector classification

Sector Consolidated sector name Corresponding sectors for basic Corresponding sectors for basic
number classification and column code classification and row code
5 Vegetables Vegetables (outdoor) [11301] Vegetables [113001]
Vegetables (glasshouse) [11302]
26 Marine fisheries Coastal fisheries [31101] Marine fisheries (domestic) [311001]
Off shore fisheries [31102] Marine fisheries (imported) [311002]
Distant water fisheries [31103]
28 Inland water fisheries and culture  Inland water fisheries [31201] Inland water fisheries and culture [312001]
Inland water culture [31202]
292 Electric power for enterprise use  Electric power (atomic power) Electric power for enterprise use [5111001]

for enterprise use [511101]
Electric power (thermal power)

for enterprise use [511102]
Electric power (water power etc.)

for enterprise use [511103]

2.3 Estimation of Coal-Based Fuel Consumption

2.3.1 Coking Coal

In the Tables of Values and Quantities for 1995, the domestic distribution of coking coal appears to be
about 73.15 Mt. However, as shown in Table 2-2, this figure is not consistent with the other statistics. For
example, the figure in the "Yearbook of Production, Supply and Demand of Petroleum, Coal and Coke"
(Supply-Demand Statistics) (MITI, 1996a) is 65.41 Mt, and that in the "Energy Balance Tables in Japan"
(Energy Balance Tables) (EDMC/MITI, 1997) is 67.2 Mt. Domestic distribution of coking coal is thought
to be overestimated in the Tables of Values and Quantities, since the values in the Supply-Demand Statistics
and the Energy Balance Tables are similar. This is due to a different definition of coking coal from the
others. Imports of coking coal in the Tables of Values and Quantities are quoted from the "Japan Exports &
Imports (Monthly Report on Trading)" (Trading Report) (Ministry of Finance, 1996), where some
non-coking coal is also dealt with in part as coking coal, resulting in the observed difference from other
statistics. Therefore, supply of steam coal in the Tables of Values and Quantities is smaller than in other
statistics as shown in Table 2-3. The sum for coking coals and steam coal is fairly similar to that in the
Supply-Demand Statistics and the Energy Balance Tables.
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We thus did not use the definition stated in the Tables of Values and Quantities: we assumed that coking
coal is consumed only in the iron and steel-related sectors and the gas supply sector (for coke production),
and that there is no use of coking coal in other sectors. We estimated the consumption in each sector as
follows. For the "Coal products” sector, 57.69 Mt of coking coal consumption, as stated in the
Supply-Demand Statistics, was adopted. For the "Pig iron" sector, 6.36 Mt was assumed, which is the
remaining 2.5 Mt consumption of steam coal in the "Pig iron" sector deducted from the 8.86 Mt of coal
consumption specified as the total of coal used for coke making plus coke used for purposes other than
coke making in "Yearbook of Iron and Steel Statistics" (Steel Statistics) (MITI, 1996b). For the other iron
and steel product sectors, the consumption of coking coal was estimated as 0.81 Mt, which was calculated
by subtracting the 8.86 Mt of coal consumption in the "Pig iron" sector and the 0.85 Mt of coking coal
consumption for onsite power generation in the iron and steel-related sectors from the 10.52 Mt of coal
consumption for steel and iron specified in the Steel Statistics. The coking coal consumption for onsite
power generation (0.85 Mt) was also quoted from the Steel Statistics and added to the "Onsite power
generation" sector.

Within the other iron and steel-related sectors, the 0.81 Mt was proportionally allocated using the
producer prices specified in the Tables of Values and Quantities. The allocated price was the sum of the
prices of coking coal and steam coal, since the input of steam coal to the iron and steel-related sectors
specified in the Tables of Values and Quantities is regarded as input of coking coal. The amount of coking
coal input to the "Gas supply™" sector for coke production was quoted from the Tables of Values and
Quantities.

Table 2-2 Comparison of consumption of coking coal among different statistics

Sector name Coking coal consumption (t)

Tables of Values and Quantities Supply-Demand Statistics Energy Balance Tables
Pulp and paper 0 0 0
Chemical industry 198,110 4,500 3,000
Coal products 71,873,805 4,759,179 8,056,000
Ceramics, stone and clay 0 0 0
Pig iron 196,952 60,223,398 48,901,000
Iron and steel 92,104 148,883 10,235,000
Electric power 0 0 0
Onsite power generation 0 0 0
Others 791,054 278,161 0
Total 73,152,025 65,414,121 67,195,000

Table2-3 Comparison of consumption of coal (coking coal, steam coal and others)

Sector name Total coal consumption (t)

Tables of Values and Quantities Supply-Demand Statistics Energy Balance Tables
Pulp and paper 1,581,364 4,018,057 2,310,000
Chemical industry 2,911,641 3,840,632 777,000
Coal products 71,937,356 4,824,362 8,131,000
Ceramics, stone and clay 10,200,995 9,698,445 10,067,000
Pig iron 2,696,005 63,084,952 51,114,000
Iron and steel 293,196 581,926 10,506,000
Electric power 38,369,089 40,842,836 41,475,000
Onsite power generation 2,323,181 0 6,585,000
Others 1,565,048 2,239,896 626,000

Total 131,877,875 129,131,106 131,591,000
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2.3.2 Steam Coal, Lignite and Anthracite

As shown in Table 2-4, the domestic supply of steam coal appears as 58.73 Mt in the Tables of Values and
Quantities, 63.72 Mt in the Supply-Demand Statistics, and 64.40 Mt in the Energy Balance Tables,
respectively. The figure in the Tables of Values and Quantities is smaller than that in the other statistics due
to the different definition of coking coal in the Trading Report. Although the total amount of steam coal in
the Tables of Values and Quantities is different from that of other statistics, many subtotals for each sector
are similar; therefore, values specified in the Tables of Values and Quantities were adopted in this book,
except for those in the sectors described below.

For consumption in the "Coal products" sector, similarly to coking coal, the value of 2.18 Mt of steam
coal consumption specified as coal for coke making in the Supply-Demand Statistics was used. In the
"Electric power for enterprise use" sector, consumption in the Tables of Values and Quantities was
corrected because it was much smaller than that published in the Supply-Demand Statistics and the Energy
Balance Tables; the 40.84 Mt in the Supply-Demand Statistics was thus adopted. The large difference in
value in the chemical industry-related sectors and the pulp and paper-related sectors between the
Supply-Demand Statistics and the Tables of Values and Quantities and the Energy Balance Tables results
from the fact that consumption of onsite-generated power is added up directly in each sector in the
Supply-Demand Statistics, while the consumption is independently totaled as for onsite power generation
in the Tables of Values and Quantities and the Energy Balance Tables.

Furthermore, we confirmed that areas where the chemical or pulp industry consumes large quantities of
power generated by onsite power generation coincide with areas where chemical or pulp factories with
large-scale facilities for onsite power generation are located, according to "The Structural Survey of Energy
Consumption in Commerce, Mining and Manufacturing™ (Structural Statistics) (MITI, 1996c). That is why
steam coal consumption in the chemical industry-related sectors and the pulp and paper-related sectors was
treated as not for production processes but for onsite power generation. Therefore, 2.68 Mt and 1.58 Mt of
the Tables of Values and Quantities were adopted for steam coal input to the chemical industry-related
sectors and the pulp and paper-related sectors, respectively. The sum of the differentials between 3.84 Mt
and 4.02 Mt in the Supply-Demand Statistics and those adopted above, respectively, or 3.6 Mt, were added
to the "Onsite power generation™ sector. These corrections resulted in 64.4 Mt for domestic supply of steam
coal, similar to that recorded in other statistics.

Table 2-4 Comparison of consumption of steam coal among different statistics

Sector name Steam coal and other coal consumption (t)

Tables of Values and Quantities Supply-Demand Statistics Energy Balance Tables
Pulp and paper 1,581,364 4,018,057 2,310,000
Chemical industry 2,713,531 3,836,132 774,000
Coal products 63,551 65,183 75,000
Ceramics, stone and clay 10,200,995 9,698,445 10,067,000
Pig iron 2,499,053 2,861,554 2,213,000
Iron and steel 201,092 433,043 271,000
Electric power 38,369,089 40,842,836 41,475,000
Onsite power generation 2,323,181 0 6,585,000
Others 773,994 1,961,735 626,000
Total 58,725,850 63,716,985 64,396,000

2.3.3 Coke
For coke consumption in each sector, values in the Tables of Values and Quantities were adopted, since, in
large sector classifications, each sector's coke consumption in the Tables of Values and Quantities is similar
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to that in the Supply-Demand Statistics and Energy Balance Tables. In the Tables of Values and Quantities,
coke generated in the "Gas supply" sector is treated as a by-product, and in this analysis, this by-produced
coke is also included in coke consumption by each sector. Coking coal consumption was also added to the
"Gas supply" sector, although this coking coal was not treated as for use as fuel, but as raw material for
coke (See 3.1.1). Therefore, the generated amount of the by-product, coke, was not treated separately from
the total fuel consumption in the "Gas supply" sector, although the by-product generation amount is
counted as a negative value in the Tables of Values and Quantities.

For coke for cascade use, namely coke used in blast furnaces, we provided an item specifically entitled
"Blast furnace coke" to explicitly indicate the allocation of loads among consumers of blast furnace gas at a
later stage. Based on the Steel Statistics, 11 %, regarded as the utilization rate for sintering furnaces, was
deducted from 33,235,904 t of coke consumption totaled in the "Pig iron" sector; and the remaining 89 %
or 29,417,099 t was attributed to blast furnace coke. Values specified in the Steel Statistics and coke
consumption in the "Pig iron" sector determined above are shown in Table 2-5.

Table 2-5 Coke consumption in the "Pig iron" sector

Blast furnace coke Ratio of blast furnace Others Ratio of others Total
() coke to total coke (-) (t) () (t)
Steel Statistics 30,882,129 0.89 4,008,989 0.11 34,891,118
3EID 29,417,099 0.89 3,818,805 0.11 33,235,904

2.3.4 Coke Oven Gas (COG)

Total production of coke oven gas (COG) was 15,947 Mm® according to the Table on domestic products by
sector and commodity attached to the Input-Output Tables. The COG production sector corresponds to the
"Other coal products" sector in the Input-Output Table, which includes multiplex items such as
briquettes/oval briquettes, coal tar and crude benzol as well as COG. To calculate the consumption of COG
in each sector, the total amount of consumption was proportionally allocated to monetary output from
"Other coal products" to each sector. However, such sectors, in which items as above other than COG are
probably purchased, were excluded.

On the other hand, consumption in the "Coal products" sector, in which most COG is generated, and the
"Electric power for enterprise use" sector under which co-operative thermal power connected with
pipelines from generating sites is underestimated, due to the assumption that there is no difference in price
among consumption sectors. COG consumption in these sectors appears to be higher than that allocated by
price, according to other statistics. In 3EID, for consumption in the "Coal products" sector, which is a major
sector consuming COG, the value in the Supply-Demand Statistics was adopted, while for the "Electric
power for enterprise use" sector, that in the "Outlook for Electric Supply and Demand" (Agency of Natural
Resources and Energy, 1995, 1996) was adopted, and for the "Gas supply" sector, the figure published in
the Energy Balance Tables was used. For consumption in other sectors, the balance between total
consumption and the sum of these values was allocated by price.

2.3.5 Blast Furnace Gas (BFG)

According to the 1995 Energy Balance Tables, consumption of blast furnace gas (BFG) was estimated at
120,049 Mm®, or about 93 % of 129,549 Mm®, which is the sum of BFG and Linz Donawitz gas (LDG)
generated in the energy conversion sectors (as by-produced gas from iron and steel production). In the
Energy Balance Tables, the weighted average of 888 kcal/m® of calorific value was used to convert
consumption to calories. Consumption was thus estimated at about 93 % of the total generated based on the
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fact that the heat value in the Energy Balance Tables is 800 kcal/m?® for BFG and 2,000 kcal/m® for LDG (to
be revised as of 2000).

Consumption in each sector was obtained by proportionally allocating output into the sectors with
Special Code 4 (by-product input), from the "Other coal products” sector corresponding to the production
sectors of BFG and LDG. According to the "Table on Scrap and By-products”, by-products in the "Other
coal products" sector comprise coal mine gas, BFG and LDG. However, the "Other industrial organic
chemical products” sector was excluded, because there is no record of consumption of BFG/LDG in any of
the other statistics.

Assuming that blast furnace coke is 100 % oxidized, adding combustion of BFG to the total consumption
results in a double counting. This is because BFG is non-reacted CO originating from coke. To avoid this
problem, "BFG generation™ was newly provided as a fuel item, from which BFG generation was subtracted.
Generation of -120,049 Mm® was added to the "Pig iron" sector, which is an output sector noted with
Special Code 5 (by-product output) from "Other coal products"” sector.

2.3.6 Linz Donawitz Gas (LDG)

Total consumption of Linz Donawitz Gas (LDG) was 9,500 Mm?, or about 7 % of the sum of consumption
of BFG and LDG in the Energy Balance Tables. Its consumption sector was assumed to be the same as for
BFG.

LDG, originating from coke, is for cascade use. Since this gas is generated by reaction between oxygen
and unburned carbon originating in the coke in pig iron, adding the consumption of LDG to the total
consumption (assuming that 100 % of the coke is oxidized) results in a double counting. Therefore, using a
method similar to that for BFG, a new item, "LDG generation™ was created, and the generation amount was
subtracted from the "Crude steel (converters)" sector.

2.4 Estimation of Petroleum-Based Fuel Consumption

2.4.1 Crude Oll
For consumption of crude oil in each sector, the values in the Tables of Values and Quantities were adopted.

2.4.2 Fuel Oil A
For consumption of fuel oil A in each sector, the values in the Tables on Values and Quantities were
adopted.

2.4.3 FuelOilsBandC

There is a large difference in distribution volume of fuel oils B and C due to the different definitions used
in each statistic. The domestic productions are 48.32 Gl (giga liter) in the Tables of Values and Quantities,
49.25 Gl in the Supply-Demand Statistics, and 48.21 Gl in the Energy Balance Tables, indicating a close
similarity, whereas there is a large difference with exports. Notably, export volume is larger in the Energy
Balance Tables due to the difference in handling of bonded oil. Fuel oils B and C are mostly supplied to
oceangoing vessels, which are divided into two types: Japanese flag or foreign flag. In the Tables of Values
and Quantities and Supply-Demand Statistics, bonded oil supplied to Japanese flag-carrying oceangoing
vessels is not added as a bonded export, but only that supplied to foreign flag-carrying vessels is added. On
the other hand, in the Energy Balance Tables, all items distributed in bonded areas are regarded as exports,
causing this difference.
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According to the definition of the "Ocean transport” sector in the Input-Output Tables, corresponding to
the relevant activity of oceangoing vessels, all activities of oceangoing vessels with Japanese flags are
treated as domestic production. Therefore, supplying bonded oil to Japanese flag-carrying vessels is
regarded as domestic distribution, and only the supply of bonded oil to foreign flag-carrying vessels is
regarded as exports.

Fuel oils B and C that are added to the "Ocean transport™ sector include oil supplied to Japanese vessels
at ports both in Japan and abroad, and oil to chartered vessels. Oil supplied at foreign ports is also added as
an import in the Tables of Values and Quantities. The range of fuel oils B and C added to the "Ocean
transport" sector is shown in Fig. 2-2.

» Included in Japanese consumption - - N _Not included in Japanese consumption
(refueling Japanese flag-carrying vessels) _ » (refueling vessels without Japanese flag)

I [1] Vessels refueled at Japanese ports I | [4] Vessels refueled at Japanese ports
- (including freighters) | (counted as special exports) I

I [2] Vessels refueled at foreign ports ) I [5] Vessels refueled at foreign ports

(also counted as special imports | (with or without Japanese passengers) I

[3] Refueling chartered vessels
(also counted as special imports) } .

Refueling at
Japanese ports

= (4]15]

Not included

Fig.2-2 Fuel oils B and C included in the "Ocean transport" sector

However, the Tables of Values and Quantities show consumption of 61.77 Gl of fuel oils B and C by the
"Ocean transport" sector. Calculation of consumption corresponded to bonded oil, which has a lower price
than the domestic version, but uses the same average unit price as domestic oil. Therefore, the fuel amount
in the Tables of Values and Quantities is obviously underestimated. This fact was confirmed by directly
asking related industries. Supply to sectors other than "Ocean transport" are 42.35 Gl in the Energy Balance
Tables and 42.63 Gl in the Supply-Demand Statistics, compared to 46.93 Gl in the Tables of Values and
Quantities: a relatively higher figure.

At 3EID, total consumption was adjusted and consumption in the major sectors was corrected as follows.
First, 131.67 Gl (the sum of the domestic supply of 55.70 Gl and foreign supply of 75.97 GI) was totaled as
fuel oil consumption in "Ocean transport,” based on the data presented by the marine transport industry.
Then, since consumption of 23.30 Gl in the "Electric power for enterprise use" sector is much higher than
that in other statistics, the value was corrected to 18.53 Gl according to the Outlook for Electric Supply and
Demand. After these adjustments, total domestic supply except for the "Ocean transport” sector came to
42.15 GI, very similar to the 42.35 Gl in the Energy Balance Tables and the 42.63 Gl in the
Supply-Demand Statistics.

Consumption of fuel oils B and C in the "Petroleum refinery products” sectors specified in the Tables of
Values and Quantities is smaller than that in the oil-refining sector in the Energy Balance Tables. In the
"Petroleum refinery products” sector, imports account for most of the input of fuel oils B and C. As for
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imported articles, because the imported amount of special trade is calculated using the unit price of
ordinary trade and subsequently allocated to each sector, the value depends on the exporting countries and
is thus subject to exchange-rate fluctuations, causing a large difference from other statistics. Therefore, we
used the more likely value of 2.03 Gl (which is specified as "Own use & losses™ of "Energy conversion &
own use" in the Energy Balance Tables) for consumption in the "Petroleum refinery products" sector. The
difference of 21.59 Gl between the above-mentioned domestic supply of 42.15 Gl and the total
consumption of the "Petroleum refinery products” sector (2.03 GI) plus the "Electric power for enterprise
use" sectors (18.53 GI) was proportionally allocated to other sectors, in proportion to the consumptions
noted in the Tables of Values and Quantities.

2.4.4 Kerosene

If the value in the Tables of Values and Quantities were used for kerosene consumption in each sector, it
would generate a large error in the consumption of the "Petroleum refinery products” sectors. The input
amount, especially the import amount, of kerosene to the "Petroleum refinery products" sector is excessive,
resulting in too high a value in the Tables of Values and Quantities. In Japan, imported kerosene, diesel oil,
and gasoline are re-refined in the "Petroleum refinery products™ sector to meet domestic standards. This
temporary input increases the input amount in the "Petroleum refinery products™ sector, causing the value
increase in the Tables of Values and Quantities. This can be confirmed by the fact that the input of kerosene
into "Petroleum refinery products” is similar to that of ordinary imports in the Tables of Values and
Quantities. Therefore, for net consumption in the "Petroleum refinery products" sector, the value for "Own
use & losses" of "Energy conversion & own use" in the Energy Balance Tables was used, and consumption
obtained by deduction of this value from the domestic supply in the Tables of Values and Quantities was
re-allocated based on the value in each sector in the Tables of Values and Quantities.

2.4.5 Diesel Oil

Consumption in the "Petroleum refinery products" sector was estimated in the same way as that for
kerosene. Consumption in the "Electric power for enterprise use" sector is only about 40 % of consumption
compared with that in the Outlook for Electric Supply and Demand, probably due to the difference in
purchase unit price between big and small transactions. In this study, the consumption in the Outlook for
Electric Supply and Demand was used, and, in the same way as that used for kerosene, the balance between
domestic supply in the Tables of Values and Quantities and the sum of consumption in the "Petroleum
refinery products" and the "Electric power for enterprise use" sectors was allocated to other sectors.

2.4.6 Gasoline
Consumption in the "Petroleum refinery products" and other sectors was estimated using the same method
as that for kerosene.

2.4.7 JetFuel
Domestic jet fuel production figures in the Tables of Values and Quantities are quoted from the
Supply-Demand Statistics; most is consumed in the "Air transport™ sector. As for the activity range of this
sector, jet fuel, which is supplied to Japanese aircraft between either domestic or international flights, was
input to the "Air transport™ sector. In other words, the supply to Japanese aircraft at foreign airports is also
counted. This supply at foreign airports is also added otherwise as imports (special trade). The range of jet
fuels included in the "Air transport" sector is shown in Fig. 2-3.

In the Tables of Values and Quantities, the physical value of imported jet fuels (special trade) is obtained
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by multiplying the transactions calculated from the international trade balance by the average unit price of
imports (ordinary trade). Therefore, this figure depends on exchange-rate fluctuations and price
differentials, and in fact there was a large difference in physical amount: for example, 8.28 Gl compared
with the 2.93 Gl in the "Annual Report on Air Transport” (Air Report) (Ministry of Transportation, 1996).

On the other hand, imported jet fuel is treated as an import (ordinary trade) in the Tables of Values and
Quantities, but is regarded as imported bonded oil in the Supply-Demand Statistics. They are given values
of 3.28 Gl and 2.93 Gl respectively, which do not differ significantly. The difference in these items results
from the fact that the value in the Tables of Values and Quantities is adopted from the Trading Report,
which makes no distinction between ordinary trade and imports treated as bonded articles. In this book,
instead of using 13.69 Gl in the Tables of Values and Quantities, the value of 9.62 Gl, which was quoted
from the Air Report, was used as consumption in the "Air transport™" sector to avoid excess input to the
sector. Also, the balance between domestic production and input to the "Air transport" sector was
proportionally allocated, based on the producer price, to other sectors.

»~— Included in Japanese consumption = - N Not included in Japanese consumption
(refueling Japanese aircraft) (refueling Foreign aircraft)
I [1] Domestic-line aircraft refueled at Japanese | | [4] Aircraft refueled at Japanese airports I
. airports (including freighters) | . (counted as special exports)

I [2] International-line aircraft refueled ) | * [5] Aircraft refueled at foreign airports .

. at Japanese airports | | (with or without Japanese passengers) I
[3] International-line aircraft refueled .

at foreign airports (also counted as special imports) } .

’&.—.—.—.—.—.—.—- e et — s

& [213]

Included Refueling at
foreign airports

Refueling at £
Japanese airports

[4][5] T=

Not Included

Fig.2-3 Jet Fuel included in the "Air transport™ sector

2.4.8 Naphtha
We used the domestic production figure in the Tables of Values and Quantities as total supply amount, since
there is no major difference with that quoted in other statistics. The entire input of naphtha to
petrochemical-related sectors was assumed to be consumed as feedstock, and environmental load
originating in naphtha in the petrochemical-related sectors was assumed to be generated by
petroleum-based hydrocarbon gases and oils, described in subsections 2.4.9 and 2.4.10. The cracking
process of naphtha corresponds to the "Petrochemical basic products” and the "Petrochemical aromatic
products” sectors in the Tables of Values and Quantities: 34.64 Gl and 11.04 Gl of naphtha were input,
respectively. Assuming that the generation of petroleum-based hydrocarbon gas and hydrocarbon oil are
respectively 6429.39 Mm® and 2.34 Gl as published in Structural Statistics, the percentage of by-products
will be about 19 %. This is very close to the other reference (Plastic Waste Management Institute, 1995).
Here, we assumed the density of naphtha, petroleum-based hydrocarbon gas (treated as methane), and
hydrocarbon oil to be 0.69 kg/l, 0.716 kg/Nm?, and 0.85 kg/l, respectively.

In the "Ammonia" sector, Naphtha is consumed to extract hydrogen and simultaneously generates CO,.
This CO, is processed into carbon dioxide gas and dry ice for use in other sectors. According to the results
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of our inquiries, the distribution of carbon dioxide gas and dry ice in the market was about 770 kt and 200
kt in 1995. However, we did not count the volume of CO, emissions accompanying their consumption
since it was difficult to determine the consumption sectors in detail.

2.4.9 Petroleum-based Hydrocarbon Gas

This fuel is not included in the Tables of Values and Quantities. A total consumption value of 1467.75 Mm®
was obtained by deducting the amount for material feedstock from that in Structural Statistics, and was
allocated to each sector using the attached "Industrial Statistics Sector Code Table" (Code Table). In the
Code Table, there are correspondence rates between sector classifications in industrial statistics and
non-service sectors in the Input-Output Tables, but not between sector classifications in industrial statistics
and service sectors in the Input-Output Tables. Accordingly, correspondence rates do not add up to 100. If
the rates in the Code Table are used in unmodified form, a proportion of the consumption of
petroleum-based hydrocarbon gas is not allocated to any sector in the Input-Output Tables. We changed the
correspondence rates for the Code Table sum to total 100.

In the Structural Statistics, petroleum-based hydrocarbon gas includes refinery gas generated during the
petroleum refinery process. Based on the description above, 84,511 Mcal was allocated to the "Petroleum
refinery products" sector, one of the petroleum refinery sectors. In the Energy Balance Tables, 89,270 Mcal
appears as refinery gas consumption in the oil-refining sector, which enabled us to regard it as the same
fuel. Therefore, to avoid double counting, refinery gas is not separately accounted.

2.4.10 Hydrocarbon Oil

For consumption of hydrocarbon oil, 1.97 GI, obtained by deducting the consumption for material
feedstock from that in Structural Statistics, was allocated to each sector in the same way as for
petroleum-based hydrocarbon gas.

2.4.11 Petroleum Coke

For consumption of petroleum coke, 3.15 Mt, obtained by deducting the consumption for material
feedstock from that in Structural Statistics, was allocated to each sector in the same way as for
petroleum-based hydrocarbon gas.

2.4.12 Liquefied Petroleum Gas (LPG)

Liquefied petroleum gas (LPG) for automobile and household use is more expensive than that used by
industry, due to its higher tax rate and less efficient mode of supply. However, the Tables of Values and
Quantities is prepared based on the averaged unit price, generating a large difference between the
calculated value and actual value. The unit price of by-products is lower than that of primary products
because, while the former is similar to that of products for industrial use only, the latter is highly influenced
by the price of automobiles. However, average unit price in the Input-Output Tables, including that for
non-automobile use, is lower than the actual unit price of products for automobiles. This results in
overestimated consumption of LPG in transportation-related sectors and excessively underestimated
consumption in other sectors.

To correct this problem, LPG consumption was divided into 7 types of industrial use using the
Supply-Demand Statistics. However, it was difficult to accurately match the activity ranges of 3 use types:
"For chemical feedstock™, "For industrial use”, and "For steel and iron" to any of the 7 types based on
sectors in the Input-Output Tables. We integrated these three use types into "For aggregated industrial use",
and LPG use types were classified into "for aggregated industrial use", "for automobiles", "for mains gas",
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"for electric power generation”, and "as household fuel”. The total consumption of 19.78 Mt was
proportionally allocated to the corresponding sectors in the Input-Output Tables based on the producer
price.

The by-product (input) price of LPG was also included in the producer price for allocation, but
by-product (output) price, which has a negative figure in the Input-Output Tables, was disregarded. By the
results of a questionnaire survey to the office compiling the Input-Output Tables, we confirmed that the
byproduct LPG in the Input-Output Tables means a petroleum-based hydrocarbon gas and the amount of
byproduct LPG was estimated by multiplying the input of naphtha to the "Petrochemical basic products"
sector by a factor of 0.188 (the rounded-off version of 0.185 appears in the Tables of Values and Quantities).
Since we estimated the consumption of petroleum-based hydrocarbon gas independently, it is logically
appropriate to exclude the price of byproduct LPG from the allocation price. However, in the Tables of
Values and Quantities, LPG consumption was divided into input of byproduct LPG and input of primary
product LPG for convenience in maintaining consistency with production.

Specifically, total output price of byproduct LPG was calculated by multiplying the physical output of
byproduct LPG in the "Petrochemical basic products" sector as described above by the average unit LPG
price for industrial use. Allocating it to the appropriate sectors in which byproduct LPG was consumed then
gives the byproduct LPG input price in each sector. The input price divides total LPG input price, which
originally was set at a single value, into primary product LPG price and byproduct LPG price. Accordingly,
it is difficult to conclude that these prices for LPG and petroleum-based hydrocarbon gas are realistic.
Therefore, we determined LPG consumption in each sector by allocating the consumption by use type,
according to the sum of primary product and byproduct LPG input prices in the sector.

2.5 Estimation of Natural Gas-Based Fuel Consumption

2.5.1 Natural Gas and Liquefied Natural Gas (LNG)

For consumption of natural gas and liquefied natural gas (LNG) in each sector, values in the Tables of
Values and Quantities were used. Total heat value calculated from the consumption in the Tables of Values
and Quantities is similar to that in the Energy Balance Tables. The Tables of Values and Quantities count
natural gas and LNG together as LNG. The sector name, however, in the Tables of Values and Quantities is
"Natural gas".

2.5.2 Mains Gas
For consumption of mains gas in each sector, values in the Tables of Values and Quantities were adopted.

2.6 Estimation of Other Fuel Consumption

2.6.1 Black Liquor and Waste Wood

Consumption of black liquor and waste wood in the "pulp”, "foreign paper and Japanese paper”, and
"paperboard" sectors was determined according to the "Yearbook of Paper and Pulp Statistics" (MITI,
1996d).

2.6.2 Waste Tires
The quantity of waste tires utilized as fuel was counted for each sector. According to a report (JATMA,
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1996), the use classifications of waste tires as fuel are "for cement kilns", "for medium- and small-sized
boilers", "for metal smelting”, "for tire manufacturing plants”, and "for paper manufacturing”. We
determined the correspondence of these classifications to sectors in the Input-Output Tables, and a total
amount of 496 kt was added to these sectors, as shown in Table 2-6.

Since we were not able to specify which industrial sectors consumed waste tires in medium- and
small-sized boilers, the total amount was added to the "Onsite power generation" sector under the
assumption that all waste tires were used for power generation. In the Input-Output Tables, 4 sectors
correspond to metal smelting, but there was no appropriate indicator for allocating waste tire consumption.
Therefore, the consumption was allocated based on the total energy consumption of each sector. Their
utilization was assumed to be in proportion to total energy consumption, based on the fact that waste tires
are utilized as additional fuel.

Table 2-6 Waste tire consumption as fuel

Sector name Waste tire consumption
(t)
Foreign paper and Japanese paper 26,000
Tires and inner tubes 32,000
Cement 275,000
Copper 5,590
Lead and Zinc (including regenerated lead) 10,568
Aluminum (including regenerated aluminum) 14,823
Other non-ferrous metals 6,020
Onsite power generation 126,000
Total 496,000

2.6.3 Municipal Waste
For incineration of municipal waste, the whole 39.49 Mt was added to the "Waste disposal services
(public)" sector, according to the published value (Environmental Agency, 2000a).

2.6.4 Industrial Waste

Industrial waste was consumed onsite in many cases; therefore, it is appropriate to count the incineration
quantity of industrial waste in each sector. However, there is no acceptable statistic for estimates regarding
industrial waste in about 400 classification sectors. Industrial waste disposal is summarized in the "Waste
disposal services (industrial)" sector in the Input-Output Tables. Therefore, we added 9.69 Mt of the total
amount (Environmental Agency, 2000a) to the sector.
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Chapter 3

ESTIMATION OF DIRECT ENERGY
CONSUMPTION AND AIR POLLUTANT
EMISSIONS

In Chapter 3, we explain the method of calculating direct energy consumption and air pollutant emissions for
each sector, in consideration of the fuel consumption estimated in Chapter 2 and emission sources specific to
each environmental load.

3.1 Definition of the Net Contribution Rate

Fossil fuels are consumed not only for energy use, but also for non-energy use such as for raw materials of
plastics. To describe actual net flows of energy consumption, their consumption as raw materials should be
deducted and only their combustion as waste at the final stage counted. Fuels are converted to secondary fossil
energy such as coal for coking and crude oil refined into gasoline or diesel oil according to use. We call these
processes "energy conversion”. Energy consumption in each sector should be calculated according to the type
and quantity of fuel ultimately burned, not including fuels for energy conversion.

We defined the net contribution rate, which means how the fuel consumption relates directly to
environmental burden. Unity was given as the standard value, and zero was given to the net contribution rate
of fuels consumed for energy conversion or as raw materials. Some statistics, such as the Structural Statistics,
also include fuel consumption for raw materials other than total consumption; therefore, these values can be
used to calculate the net contribution rate. However, it is difficult to match up a specific activity sector in the
Input-Output Tables with a specific industrial sector. The investigation range does not cover every factory in
Japan. These problems can cause difficulties in determining representative values of the net contribution rate,
S0 zero or unity is given as the net contribution rate. Sectors and fuels given zero for their net contribution rate
are described below.

3.1.1 For Energy Conversion
Table 3-1 shows sectors and fuels for energy conversion and given zero for their net contribution rate. Crude
oil in the "Petroleum refinery products" sector is refined into petroleum products such as gasoline and diesel
oil, which are ultimately combusted. Also, coking coal in the "Coal products" sector is carbonized and used as
coke; the COG generated during carbonization is burned separately. Therefore, the net contribution rates of
crude oil and coking coal in these sectors were set as zero.

Since mains gas is counted as a type of fuel, its net contribution rate of fuels, input to "Gas supply" sector
for conversion to mains gas, was given as zero.
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Table 3-1 Fuels used for energy conversion and their consumption sectors

Consumption sector Fuels Application

Petroleum refinery products Crude oil Converted into petroleum refinery products
Coal products Coking coal Converted into coke

Gas supply Coking coal Converted into mains gas

Gas supply LNG, Natural gas Converted into mains gas

Gas supply Naphtha Converted into mains gas

Gas supply LPG Converted into mains gas

Gas supply COG Converted into mains gas

3.1.2 For Raw Materials

Some naphtha and LPG is utilized as raw materials for chemical products such as plastics and ammonia. In
3EID, fuel consumption listed in Table 3-2 is treated as for raw materials, and given zero as their net
contribution rate.

Table 3-2 Fuels used for raw materials and their consumption sectors

Consumption sector Fuels Application
Ammonia Naphtha Raw Materials for chemical products
Chemical fertilizer Naphtha Raw Materials for chemical products
Petrochemical basic products Naphtha Raw Materials for chemical products
Petrochemical basic products LPG Raw Materials for chemical products
Petrochemical aromatic products  Naphtha Raw Materials for chemical products
Aliphatic intermediates Naphtha Raw Materials for chemical products
Cyclic intermediates Naphtha Raw Materials for chemical products
Synthetic rubber Naphtha Raw Materials for chemical products
Methane derivatives Naphtha Raw Materials for chemical products
Oil and fat industrial chemicals Naphtha Raw Materials for chemical products
Plasticizers Naphtha Raw Materials for chemical products
Synthetic dyes Naphtha Raw Materials for chemical products
Other industrial organic chemicals Naphtha Raw Materials for chemical products

3.2 Estimation of Energy Consumption

3.2.1 Energy Supply from Non-Thermal Power Generation
Embodied energy intensity includes energy consumption associated with electric power consumption. Energy
consumption related to fossil fuel combustion in the "Electric power for enterprise use" sector is allocated to
each sector using Leontief's inverse matrix. However, to obtain substantial energy consumption associated
with electric power consumption, energy supply from non-thermal power should be included.

Energy supply from nuclear and hydroelectric power generation plus other power generation was estimated
to be 254,726 GWh and 80,116 GWh from the Table of Domestic Products by Sector and Commodity,
respectively.

3.2.2 Energy Consumption by Sector
Direct energy consumption h; in sector i is the sum of energy consumption h;x of fuel k, which is calculated by
multiplying consumption m; of fuel k by calorific value gx and the net contribution rate r;y.

hi :Zhi,k :zqkri,kmi,k ' (3-1)
k k
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here, HHV (Higher Heating Value) based calorific value gx was used as shown in Table 3-3. The value in
calories, which is commonly used as heat unit, and the value in joules conforming to the Sl unit system are
also included here. This study did not count heat value from incineration of municipal and industrial waste as
direct energy consumption, due to the difficulty of determining energy use amount as the heat value by sector.

Electric power supply from non-thermal power generation was converted at 860 kcal/kWh. It is possible to
calculate its energy consumption based on the primary energy (input base) using thermal power efficiency (e.g.
2150 kcal/kwh), by using a breakdown list of intensity for each fuel.

Table 3-3 Calorific value by fuel type and other resources

Fuel and resource name Calorific value (HHV) [1cal=4.18605J] Unit
x10'kcal x10GJ

Coking coal 0.6904 2.89 It
Steam coal, lignite and anthracite 0.6354 2.66 /t
Coke 0.7191 3.01 /t
Coke oven gas (COG) 0.5041 2.11 /1000Nm?
Blast furnace gas (BFG) 0.0815 0.34 /1000Nm*
Linz Donawitz gas (LDG) 0.2009 0.84 /1000Nm*
Crude oil 0.9126 3.82 /Kl
Fuel oil A 0.9341 3.91 /Kl
Fuel oils B and C 0.9962 4.17 [kl
Kerosene 0.8767 3.67 /I
Diesel oil 0.9126 3.82 /i
Gasoline 0.8266 3.46 /Kl
Jet fuel 0.8767 3.67 /kl
Naphtha 0.8146 3.41 /Kl
Petroleum-based hydrocarbon gas 1.0726 4.49 /1000Nm’
Hydrocarbon oil 1.0105 4.23 [kl
Petroleum coke 0.8504 356 1t
Liquefied petroleum gas (LPG) 1.1992 5.02 /t
Natural gas, LNG 1.3019 545 It
Mains gas 0.9818 4.11 /1000Nm?
Black liquor 0.3010 1.26 /t(dry)
Waste wood 0.3989 1.67 /t(dry)
Waste tires” 0.81 3.39 /t
Municipal waste? 0.21 0.88 It
Industrial waste® 0.30 1.26 It
Nuclear power generation 86 360 /GWh
Hydro and other power generation 86 360 /GWh
References

1 Japan Automobile Tire Manufacturers Association, Inc., 1996
2 Japan Information Processing Service Co., Ltd. 1996
Others; Agency of Natural Resources and Energy, 2001

3.3 Estimation of CO, Emissions

3.3.1 CO Emission Factor

Since CO, removal technology is now being researched but is not in common use, the amount of CO,
emissions was determined by multiplying the energy consumption for each fuel in each sector by its respective
CO, emission factor as shown in Equation (3-2). We also counted CO, emissions based on non-fossil fuels,
which are produced by utilizing limestone, i.e. in cement manufacturing.

D; = z fkhi,k’ (3-2)
k
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here, D; is direct CO, emission in sector i, fi is CO, emission factor for fuel k, and h; is energy consumption
for fuel k in sector i. In the case of limestone as fuel k, energy consumption h;y is given as the amount of
material (t). Table 3-4 shows the CO, emission factor for each fuel used in the estimation. Black liquor and
waste wood, which are biomass fuels, were not counted as CO, emissions in each sector, although their CO,
emission factors are given. Also, emission factors for municipal and industrial wastes include only CO,
emissions originating in non-biomass waste.

The Environment Agency Committee on Greenhouse Gas Emission Methodology (the Committee)

(Environment Agency, 2000b) was prepared for CO, emission factors per unit heat value as well as per
original mass according to Government ordinance. We mainly employed these factors. However, when CO,
emissions are calculated by multiplying emission factor by activity amount, or energy consumption, there
exists a discrepancy between the measured calorific value of sample fuel and the calorific value used for
estimates of energy consumption. Therefore, the Committee included correction factors for the difference
between measured calorific value and calorific value specified in the Energy Balance Tables. CO, emissions
can be calculated with estimated energy consumption using the Energy Balance Tables.
Since we quoted many of the calorific values of fuels from the revised value of Energy Balance Tables
(EDMC/MITE, 2001), multiplying the Committee's emission factor by the correction factor causes an
inconsistency with the emission factor corresponding to the energy consumption in 3EID. Therefore, we used
a CO, emission factor converted as follows:

CO, emission factor in 3EID = The Committee's emission factor x Committee's correction factor x
(Revised calorific value in Energy Balance Tables / Conventional Calorific value in Energy Balance Table)

The emission factor quoted from other references was not converted, since its estimation rationale has not
been investigated.
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Table 3-4 CO, emission factor by fuel type and other resource

Fuel and resource name Emission factor [1cal=4.18605J] Remarks
t-C/10"kcal Mg-CO,/10GJ
Coking coal 1.045 0.915
Steam coal, lignite and anthracite 1.015 0.889
Coke 1.231 1.078
Coke oven gas (COG) 0.462 0.405
Blast furnace gas (BFG) 1.231 1.078 Same value as coke
Linz Donawitz gas (LDG) 1.231 1.078 Same value as coke
Crude oil 0.792 0.693
Fuel oil A 0.809 0.709
Fuel oils Band C 0.812 0.711
Kerosene 0.779 0.682
Diesel oil 0.790 0.692
Gasoline 0.761 0.667
Jet fuel 0.760 0.666
Naphtha 0.747 0.654
Petroleum-based hydrocarbon gas 0.519 0.455
Hydrocarbon oil® 0.880 0.771
Petroleum coke 1.061 0.930
Liquefied petroleum gas (LPG) 0.688 0.603
Natural gas, LNG 0.585 0.512
Mains gas 0.597 0.523
Black liquor? 1.075 0.942 Not count in CO, emission
Waste wood” 0.879 0.770 Not count in CO, emission
Wiaste tires® 0.913 0.800 Tire for passenger-vehicle
Municipal waste (exc. CO, from biomass)s) 0.344 (1.025) 0.302 (0.898) () includes CO, from biomass wastes
Industrial waste (exc. CO, from biomass)s) 1.010 (1.696) 0.884 (1.485) () includes CO, from biomass wastes
Limestone® 0.120 0.440 Emission per 1t
References
1 Hondo et al., 1998 5 Environment Agency, 2000a
2 Environment Agency, 1992 6 Kondo et al., 1997
3 Asakura et al., 2001 Others; Environment Agency, 2000b

4 Japan Automobile Tire Manufacturers Association, Inc., 1996

3.3.2 Limestone

Consumption of limestone (CaCQOs) is given in the Tables of Values and Quantities. This consumption
includes the amount of limestone that, due to how it is used, does not emit CO,. We therefore estimated, from
other statistics, the consumption percentage which is thought to emit CO, during the consumption process.
Limestone used in iron and steel, cement, and glass products processes emits CO,. Limestone which is needed
for the production of slaked lime (Ca(OH);) and lime (CaO) is also a source of CO, emissions. In the
Input-Output Tables, slaked lime and lime are categorized into the "Miscellaneous ceramic, stone and clay
products" sector, in which multiple goods are aggregated. Accordingly, if limestone consumption needed for
producing slaked lime and lime are added to the sector, it is allocated, due to the ripple effect of the inverse
matrix, to sectors in which they were not actually consumed. We added a limestone amount equivalent to the
consumption of slaked lime and lime to sectors that consume them, assuming that CO, emissions occurring in
the production sectors occur exclusively in the consumption sectors. To convert consumption of lime and
slaked lime to equivalent limestone consumption, the following equation was used.

Equivalent limestone consumption =
Lime consumption x limestone molecular weight (100) / molecular weight of lime (56)
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Equivalent limestone consumption =
Slaked lime consumption x molecular weight of limestone (100) / slaked lime molecular weight (74)

Consumption of limestone, slaked lime, and lime in the "lron and steel™ sectors were quoted from the Steel
Statistics, and added to the "Pig iron," "Ferroalloy,” "Crude steel (converter),” and "Crude steel (electric
furnaces)" sectors. The consumption for cement production was quoted from the "Mining Handbook" (Agency
of Natural Resources and Energy, 1999) and added to the "Cement" sector, and that for glass products was
obtained from "Yearbook of Ceramic and Building Materials Statistics" (MITI, 1996¢) and added to the "Sheet
glass and safety glass" sector. Consumption of slaked lime and lime in agriculture, the chemical industry,
construction, power generation, public water supply, and sewerage was estimated from "Trends in Demand for
Lime by Use" (MITI, 1996f). Except for construction use, consumption by use in the statistics was added to
the corresponding sector in the Input-Output Tables to the use respectively as shown in Table 3-5. The amount
of consumption for construction use was allocated according to production price from the "Miscellaneous
ceramic, stone and clay products" sector to construction-related sectors.

Table 3-5 Correspondence between use of lime and slaked lime and sectors in the Input-Output Tables

Items of use in “Trends in demand of lime by use” Equivalent Corresponding sectors in Input-Output Tables
Use of Lime and slaked lime limestone (t)  Column code Sector name
Chemical industry Carbide 772,240 202909 Other industrial inorganic chemicals
Bleaching agent and soda 1,541,399 202101 Industrial soda chemicals
Paper and pulp 317,088 181101 Pulp
Seawater magnesia 646,861 272203 Non-ferrous metal scrap
Petrochemicals 148,261 204101 Thermo-setting resins
Other chemicals 415,831 204101 Thermo-setting resins
Construction Plastered 59,267 411101 Construction and building sectors”
Light weight concrete 342,839 - Construction and building sectors”
Stabilized treatment of soil 1,058,122 413209 Construction and building sectors”
Agriculture Fertilizers 381,410 201102 Chemical fertilizers
Agricultural chemicals 12,163 207401 Agricultural chemicals
Others Non-ferrous metal castings and forgings 49,629 272203 Non-ferrous metal scrap
Mining 35,651 62101 Materials for ceramics
Waterworks 71,468 521101 Waterworks and small waterworks
Sewage 227,308 521103 Sewage
Pollution control 1,120,193 511101 Electric power for enterprise use
Others 559,031 900000 Unclassified

1 Allocated according to production price from the "Miscellaneous ceramic, stone and clay products" to sectors related with construct

3.3.3 Allocation Method of CO, Emitted by Cascade Energy Consumption in the Iron and Steel
Production

BFG mainly consists of non-reacted carbon monoxide (CO) and reacted CO, after oxidizing coke to CO and

then utilizing it as a reducing gas for iron oxide. The resultant heat from burning the non-reacted CO is used

for steelmaking and rolling. In other words, heat originating in coke is used in multiple steps (cascade use).

Allocation methodology for CO, emitted by cascade energy consumption is a very important issue.

BFG has a very high CO, emission factor because it has a low calorific value and includes mainly
coke-derived carbon. LDG also includes reacted CO and CO,, resulting from the oxidation reaction in the
converter due to the removal of impurities, especially of carbon (coke) in pig iron. *LDG is provided to
cascade use of heat originating in coke as well as BFG. LDG has a low calorific value and has a high emission
factor. This is why sectors utilizing BFG and LDG are allocated a lot of CO; in spite of their small energy
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consumption. Fig. 3-1 shows the flow of energy and carbon in the sectors related to iron and steel production.
This figure was drawn up based on a report (The Iron and Steel Institute of Japan, 1993). If the total carbon
content of coking coal is assumed to be 100, the large consumption sectors for by-produced gas as steelmaking
or power generation are allocated 60 for carbon in total, despite energy consumption of only 32. (The energy
of coking coal is assumed to be 100.) On the other hand, the production process corresponding to the "Pig
iron" sector to generate BFG has 34 for carbon, including limestone input, and 59 for energy consumption,
taking into account re-input of by-produced gas to the process. In short, there is a difference of a factor of
about 3.3 in carbon emission per unit energy consumption between generation and consumption sector for
by-produced gas.

We allocated the CO, emitted by BFG and LDG consumption to each sector, not according to the actual
emission amount calculated according to their real carbon density, but according to the amount of energy
consumption. This allocation method allows CO, to be allocated to the "Pig iron" sector in which use of
carbon in coke is the main objective, and prevents its allocation to specific consumption sectors for
by-produced gas due to production flow of steelmaking, in spite of the original purpose of energy use.

More specifically, the entire CO, emission from coke burning was added to the coke consumption sectors.
For generated sectors of BFG and LDG, the amount of CO, emission equivalent to the heat value generated
from BFG and LDG was deducted. Here, CO, emission factors for BFG and LDG did not use the factors
based on the actual composition (BFG: 3.16 t-C/10" kcal, LDG: 2.06 t-C/10” kcal) (The Iron and Steel
Institute of Japan, 1993), but instead used the same emission factor as coke (1.23t-C/10" kcal). Multiplying
this emission factor by generated energy from BFG and LDG determined the deducted CO, amount. We
defined these items as "BFG generation" and "LDG generation”. Similarly, CO, emission for the BFG and
LDG consumption sector was calculated by the energy consumption and using the same emission factor as
coke. These items are defined as "BFG consumption” and "LDG consumption", respectively.
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3.4 Estimation of NOy, SOx and SPM Emissions from Stationary Sources

Removal equipment for NO,, SO, and SPM emission is installed at stationary sources in Japan. In many
industries, denitrification equipment and low NO, burners are utilized, and desulfurization equipment and dust
collectors are installed. These air pollutants are generated by the combustion of fossil fuels, but emission
factors for each fuel, estimated by the same procedure as for CO,, do not provide the actual emission amount,
because the types and efficiency of removal technology of air pollutants vary depending on industry and
combustion facilities.

In this study, the same emission factors for each fuel, industry, and furnaces calculated from the results of
the Investigation for Management of Air Pollutant emissions (MAP investigation) (MRI, 2000, Japan
Information Processing Service Co., Ltd., 1996) were used as those for stationary sources. These factors are
close to the actual ones, and reflect the distribution of denitrification, desulfurization, and dust removal
technologies.

Air pollutants from stationary sources also include emissions from non-fossil fuels. For example, thermal
NOy is generated in electric furnaces used to melt scrap iron, and SOy is generated in the refining process of
non-ferrous metals by oxidization of sulfur present in metal ore. We performed estimates for these specific
emission sources

3.4.1 Emission Factor of Stationary Sources
Air pollutant emissions from fuel combustion in stationary sources were obtained by multiplying the energy
consumption for each fuel by the emission factor for stationary sources.

P = fichii (3-3)

where pj is the amount of air pollutant emission from fuel k in sector i, f  represents the emission factor
adjusted for the efficiency of removal technologies in that sector, and hjy is energy consumption.

Here, we explain the calculation method for the emission factors of stationary sources. In the MAP
investigation, a total of about 202,000 facilities in Japan, including factories or establishments with "smoke-
and soot-emitting facilities” as specified in the Air Pollution Control Law, Clause 2, Article 9 (and including
smoke- and soot-emitting facilities as specified in the Electric Power Industry Law and the Gas Industry Law,
and facilities specified in the Mine Safety Law) and facilities regulated under Prefectural laws, were
investigated.

Emission factors for sectors in the Input-Output Tables were prepared, based on emission factors calculated
from fuel consumption and the emission amounts of NO,, SOy, and dust for each classification of 32 fuels, 75
industries and 159 furnace types in the MAP investigation. Since there are about 400 sector classifications in
the Input-Output Tables, it was difficult to match fuel consumption in each sector to a specific type of furnace.
In short, "Fuel consumption™ for a sector in the Input-Output Tables means the sum of fuel consumption in
multiple furnaces. Therefore, it is necessary to calculate the representative average emission factor of multiple
furnaces to match the relevant sectors in the Input-Output Tables. There are two types of average emission
factors for each industry and fuel:

1. Average emission factor of all furnaces except for those related with power generation and waste
incineration

2. Average emission factor of all furnaces (including those related with power generation) except for those
related to waste incineration
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These emission factors are selected according to the methodology for allocating fuel consumption for the
"Onsite power generation" sector in the Input-Output Tables. Since the Input-Output Tables are constructed in
line with the activity-based classifications, "Onsite power generation" exists as an independent sector.
Therefore, extracted fuel consumption for Onsite power generation from total consumption in each sector
should be included in the "Onsite power generation™ sector. On the other hand, for reasons of the introduction
of cogeneration systems, it is important to allocate energy consumption for Onsite power generation to that on
the heat-demanding side as well as the generating side.

Our estimation method for energy consumption indicates that based on the Energy Balance Tables, in which
all consumption of onsite power generation is included in the onsite power generation sector, about 60 % of
the energy consumption was attributed to the "Onsite power generation” sector in the Input-Output Tables, and
the remaining approximately 40 % was attributed to each industrial sector as heat demand. In short, a part of
fuel consumption for Onsite power generation was directly added to the industrial sectors; therefore, we used
the average emission factor of all furnaces (including those related to power generation) except for those
related to waste incineration. Emission amount was estimated by multiplying energy consumption by this
emission factor. When correspondence between furnace type and fuel consumption could be determined, the
emission factor specific to that furnace was used for the estimation.

The fuels specified in the MRI report (MRI, 2000) and fuels in 3EID were matched to each other as shown
in Table 3-6 according to their names. The emission factor of coal in the MRI report was applied to coking
coal, steam coal, lignite, and anthracite; that of LNG was applied to LNG and natural gas; that of other liquid
fuels (heavy parts) was applied to hydrocarbon oil; and that of other solid fuels was applied to petroleum coke
and waste tires, respectively. The energy supply from non-thermal power generation was not given an
emission factor, but electric power consumption by electric furnaces, which are NO, emission sources, was
given an emission factor for electric power. Since the emissions of NO, and other pollutants from blast furnace
coke were assigned to BFG, the emission factor for this coke was set at zero.
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Table 3-6 Correspondence of fuels and resources between 3EID and the MRI report

Fuels and resources in 3EID Fuels and resources in the MRI report

Coking coal

Steam coal, lignite and anthracite
Coke

Blast furnace coke

Coke oven gas (COG)

Blast furnace gas (BFG)

Linz Donawitz gas (LDG)

Crude oil

Fuel oil A

Fuel oils Band C

Kerosene

Diesel oil

Gasoline

Jet fuel

Naphtha

Petroleum-based hydrocarbon gas
Hydrocarbon oil

Petroleum coke

Liquefied petroleum gas (LPG)
Natural gas, LNG

Mains gas

Black liquor

Waste wood

Waste tires

Municipal waste

Industrial waste

Nuclear power generation

Hydro and other power generation
Electric power at electric furnaces
Metal ores

Coal

Coal

Coke

Set emission factor for 0 [Allocated to BFG]
COG

BFG

LDG

Crude oil

Fuel oil A

Fuel oils B and C [Weighted avarage]
Kerosene

Diesel oil

Gasoline

Jet fuel

Naphtha

Petroleum based hydrocarbon gas
Other liquid fuels [Heavy part]
Other solid fuels

Liquefied petroleum gas (LPG)
LNG

Mains gas

Black liquor

Waste wood

Other solid fuels

Municipal waste

Industrial waste

Electric power
Metal ores

3.4.2 Electric Power Consumption by Electric Furnaces

An electric furnace used in a small iron mill and for melting scrap generates thermal NOy due to oxidation of
nitrogen in the air at high temperature. Therefore, we estimated electric power consumption for electric
furnaces as an emission source of NO, separately from ordinary electric power consumption. The
consumption sectors of electric power for electronic furnaces in the Input-Output Tables were the "Crude steel
(electric furnaces)" sector, corresponding to electronic furnaces for iron and steel making, the "Ferroalloy"
sector, corresponding to that for alloys, and the "Other industrial inorganic chemicals" sector, corresponding to
that for calcium carbide. In addition, the electric power consumption of the furnace was added to sectors
related to automobile manufacturing in which electric power is used for melting metals.

As shown in Table 3-7, there was a difference in consumption of electric power by electric furnaces in the
"Iron and steel™ sector between the Tables of Values and Quantities and the Steel Statistics. We used the values
in the Steel Statistics, and 15,617 GWh and 2,330 GWh were added to the "Crude steel (electric furnaces)"
and "Ferroalloy" sectors, respectively. Also, electric power consumption in the "Other industrial inorganic
chemicals™ sector was allocated 902 GWh required for manufacturing calcium carbide and lime nitrogen,
based on the "Yearbook of Chemical Industries Statistics" (MITI, 1996g).
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Table 3-7 Electric power consumptions for electric furnaces in the iron and steel industry in each statistic

Sector name Tables of Values and Quantities Steel Statistics

GWh GWh
Crude steel (electric furnaces) 10,016 15,617
Ferroalloys 2,363 2,330
Total 12,379 17,947

Electric power consumption involved in NO, emissions in sectors related to automobile manufacturing
could not be found in any published statistics. Therefore, we assumed that 7 % of the total electric
consumption in both the "Electric power for enterprise use" and "Onsite power generation" sectors in the
Tables of Values and Quantities was used for electric furnaces, referring to electric power consumption used
for metal melting in those industries derived in the MAP investigation. Sector names of automobile
manufacturing in the Input-Output Tables and their electric power consumption for electric furnaces are shown
in Table 3-8.

Table3-8 Electric power consumptions related to NO, emission in the automobile manufacturing sectors

Sector name Electric power consumption
GWh
Passenger motor cars 170
Trucks, buses and other cars 50
Two wheel motor vehicles 10
Motor vehicle bodies 51
Internal combustion engines for motor vehicles and parts 267
Motor vehicle parts and accessories 442
Total 990

3.4.3 Metal Ores

Sulfur in iron ore and non-ferrous metal ores causes SO, emissions during metal refining. SO, originating in
iron ore is generated in blast furnaces. 90 % of the sulfur in a blast furnace is derived from coke, of which
85 % - 90 % is absorbed into the slag. It is subsequently used as raw material for cement and/or brickmaking
(The Japan Institute of Metals, 2000). Since SO, originating in iron ore is included in BFG, we did not give an
emission factor to iron ore or count its consumption.

Although sulfur in non-ferrous metal ore is recovered and reused, it is also released into the atmosphere in
the form of SO,. In the Input-Output Tables, the "Copper," "Lead and Zinc (including regenerated lead),"
"Aluminum (including regenerated aluminum),™ and "Other non-ferrous metal ingot™ sectors correspond to the
non-ferrous metal refining process. In this book, consumption of copper, lead and zinc ore was added to the
"Copper" and "Lead and Zinc (including regenerated lead)" sectors, respectively. However, other ores were
not included, because most aluminum used in Japan is recycled, and it was difficult to estimate ore
consumption in the "Other non-ferrous metals" sector including various non-ferrous metals. The total shown in
Table 3-9 was used as the consumption from the "Mining Handbook" (Agency of Natural Resources and
Energy, 1999); the "Copper" sector was allocated 1,724 kt on a metal basis, and the "Lead and Zinc (including
regenerated lead)" sector was given 1,211 kt, the sum of lead ore and zinc ore.
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Table 3-9 Consumptions of non-ferrous metal ores in metal refinery sectors

Copper ore Lead ore Zinc ore
1000 t [metal basis] 1000 t [metal basis] 1000 t [metal basis]
Domestic production 1,216 223 660
Import 380 70 112
Stocks 127 30 116
Total 1,724 323 888

3.4.4 Open Burning of Waste Agricultural Biomass

As SPM emissions from non-fossil fuel, we considered SPM emissions from open burning of waste
agricultural biomass. Since dust collectors are not provided in the case of open burning, this is a stationary
source with high SPM emission factors. Incineration of straw and chaff in 1995 was determined according to
the supplied data (MAFF, 2001) as shown in Table 3-10. However, since the SPM emission factor for open
burning in Japan could not be obtained, we used the emission factor of 7.71 kg/t for open burning of wood and
plants in the USA.

Table 3-10 Incineration of straw and chaff

Total output Disposal by incineration

t t
Straw 10,850,883 536,908
Chaff 2,431,108 528,290

3.5 Estimation of NOy, SOx and SPM Emissions from Mobile Sources

In 3EID, mobile emissions sources include automobiles, waterborne vessels, railways, aircraft, agricultural
machinery, and construction machinery. The estimation method of emission amount for each source is
described as follows.

3.5.1 Emissions from Automobiles

Automobiles are a major mobile emissions source; therefore, it is important to obtain a quantitative
understanding of their emissions. However, it is not easy to estimate emissions of NO, and SPM, because they
are not determined by only fuel properties as CO, and SO,. SPM emission amounts depend on traffic density
and traveling conditions. For example, diesel-powered cars emit large amounts of SPMs during acceleration.
Parameters for actual traveling conditions and corresponding emission factors are necessary to calculate the
NO, and SPM emissions accurately. We estimated emission amounts from automobiles using emission factors
and driving mileages for each vehicle type by range of traveling speed in the same manner as a previous study
(Nomura Research Institute, Ltd., 1998). The process of estimating NO, and SPM emissions is shown in Fig.
3-2.
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Fig. 3-2 Estimation process for NO, and SPM emissions from automaobiles

First, average traffic volume per 24 hours was calculated based on the day/night ratio and average traffic
volume per 12 hours, categorized by road type, weekday or holiday, and vehicle type in the "1997 Road
Traffic Census” (Road Traffic Census) (Ministry of Construction, 1998). The value was then multiplied by the
proportion of vehicle types at peak time, categorized by road type and roadside conditions to calculate the
number of moving cars by road type and weekday or holiday. Further, multiplying this figure by distance
along road type, roadside conditions, paved or unpaved road, traveling velocity during busy hours determined
the traveling amount (number of vehicles x traveling distance (km)) of vehicle according to the traveling
distance for each vehicle type by road type, range of traveling speeds, and weekday or holiday. The number of
holidays per year was assumed to be 77 days, including Sundays, national holidays, New Year holidays, and
the summer vacation, and the traveling amount (number of vehicles x traveling distance (km)) per year by
road type, range of velocity, and vehicle type was determined.

Next, ranges of traveling speed on open roads and expressways were classified into > 3 km/h to <5 km/h (3
~5 km/h), 5 ~ 10 km/h, 10 ~ 15 km/h, 15 ~ 25 km/h, 25 ~ 40 km/h, 40 ~ 60 km/h, and 60 ~ 80 km/h. We
assumed 7 vehicle types: subcompact cars, passenger cars (compact, midsize, and large), subcompact trucks,
small trucks (including vans), medium and large trucks, buses, and special-purpose vehicles (e.g., emergency
vehicles). In the Road Traffic Census, small trucks and vans are categorized separately, but in this research,
traveling data for small trucks and vans were integrated into the small trucks category.

The Road Traffic Census provides only data relating to national arterial highways. No data relating to minor
roads is included. To obtain the total traveling distance, traveling data in the "1997 Annual Report on Motor
\ehicle Transport" (Ministry of Transportation, 1999) for the same year as the Road Traffic Census was also
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used in calculating total pollutant emissions. We assumed that the difference in traveling distance between the
Road Traffic Census and the 1997 Annual Report on the Motor Vehicle Transport represents the traveling
distance for minor roads. The traveling speed on minor roads was set at 15 ~ 25 km/h, and the distances were
integrated into the category of 15 ~ 25 km/h for traveling amount (number of vehicles x traveling distance
(km)) by road type, range of velocity, and vehicle type. Also, traveling amounts (number of vehicles x
traveling distance (km)) by road type, range of velocity, and vehicle type on expressways and open roads were
aggregated. For each vehicle type, the ratio of traveling distance in each speed range to the total distance was
calculated. Table 3-11 shows the percentages of range of traveling speed by vehicle type.

Table 3-11 Percentage of range of traveling speed by vehicle type

Vehicle type Percentage (%) of range of traveling speed
Speed range (km/h)

3~5 5~10 10~15 15~25 25~40 40~60 60~80
Subcompact cars 0.0 0.3 15 115 40.2 41.8 4.7
Passenger cars (compact, midsize and large) 0.1 0.3 1.0 30.0 28.1 29.5 11.0
Subcompact trucks 0.0 0.2 0.9 43.9 255 26.5 2.9
Small trucks (including vans) 0.1 0.3 1.0 33.0 24.9 26.2 14.5
Middle and large trucks 0.1 0.2 0.7 48.4 16.8 17.8 16.0
Buses 0.1 0.3 1.2 14.3 30.8 32.6 20.7
Special-purpose vehicles 0.1 0.2 0.8 39.6 19.9 21.1 18.1

We estimated the amount of pollutant emissions using this percentage as follows. The representative
mileage of each vehicle type was determined by averaging the mileages of vehicles for business and personal
use in the "1995 Annual Report on Motor Vehicle Transport” (Ministry of Transportation, 1997) of the same
year as the Input-Output Tables. Also, the traveling distance of each vehicle type by fuel type was calculated
using the mileage and consumption of gasoline, diesel oil, and LPG for each vehicle type to determine the
percentage of traveling distance by fuel type. The total mileage for each vehicle type in the 1995 Annual
Report on the Motor Vehicle Transport was proportionally divided into three classes by fuel type of gasoline,
diesel, and LPG, using the obtained percentage. Therefore, total traveling distance by vehicle type in the 1995
Annual Report on the Motor Vehicle Transport could be adjusted to that by each vehicle type and fuel type
(excluding the distance of specific vehicle types).

The obtained traveling distance by fuel type and vehicle type was allocated according to the percentage of
range of traveling speed by vehicle type to provide the traveling distance by fuel type, vehicle type, and range
of speed as shown in Tables 3-12 ~ 3-14.

Table 3-12 Traveling distances of diesel-powered vehicles by vehicle type and range of traveling speed

Vehicle type Traveling distance (x 10°%km) by range of traveling speed
[Diesel-powered vehicle] Speed range (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80 Total
Subcompact cars 0 0 0 0 0 0 0 0
Passenger cars (compact, midsize and large) 49 193 773 22,315 20,897 21,927 8,209 74,363
Subcompact trucks 0 0 0 0 0 0 0 0
Small trucks (including vans) 53 163 620 20,452 15,467 16,267 9,005 62,027
Middle and large trucks 69 162 552 37,826 13,106 13,903 12,518 78,135
Buses 7 22 80 966 2,086 2,204 1,403 6,768

Special-purpose vehicles 16 39 133 6,431 3,235 3,431 2,939 16,224
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Table 3-13 Traveling distances of gasoline-powered vehicles by vehicle type and range of traveling speed

Vehicle type Traveling distance (x 10°%km) by range of traveling speed
[Gasoline-powered vehicle] Speed range (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80 Total
Subcompact cars 19 129 578 4,523 15,820 16,472 1,846 39,386
Passenger cars (compact, midsize and large) 208 810 3,246 93,735 87,778 92,102 34,481 312,359
Subcompact trucks 26 177 800 37,114 21,547 22,420 2,451 84,534
Small trucks (including vans) 22 68 259 8,539 6,458 6,792 3,760 25,897
Middle and large trucks 0 1 2 151 52 55 50 311
Buses 0 0 0 0 0 0 0 0
Special-purpose vehicles 0 0 0 0 0 0 0 0

Table 3-14 Traveling distances of LPG-powered vehicles by vehicle type and range of traveling speed

Vehicle type Traveling distance (x 10°%km) by range of traveling speed
[LPG-powered vehicle] Speed range (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80 Total
Subcompact cars 0 0 0 0 0 0 0 0
Passenger cars (compact, midsize and large) 13 53 211 6,085 5,699 5,979 2,239 20,279
Subcompact trucks 0 0 0 0 0 0 0 0
Small trucks (including vans) 0 0 0 0 0 0 0 0
Middle and large trucks 0 0 0 0 0 0 0 0
Buses 0 0 0 0 0 0 0 0
Special-purpose vehicles 0 0 0 0 0 0 0 0

Pollutant emissions were calculated by multiplying these distances by the corresponding emission factor by
vehicle type and range of traveling speed. The emission factors by vehicle type and range of speed for NOy
(Nomura Research Institute, Ltd., 1998, Suuri Keikaku, Co., Ltd., 1991) are shown in Tables 3-15 ~ 3-17, and
those for SPM (Nomura Research Institute, Ltd., 1998) are shown in Tables 3-18 and 3-19. However, we
employed a constant SPM emission factor with respect to the traveling speed (Environment Agency, 1997) for
calculation, since the contribution of fuel burning by gasoline- and LPG-powered vehicles to total SPM
emission is much smaller than that of diesel-powered vehicles, and collecting data on emission factors by
range of traveling speed was extremely difficult.

To allocate the emissions to each sector of the Input-Output Tables, type of vehicle as representative of each
sector was chosen. In reality, some vehicles are categorized as representative vehicle within each sector, but it
is difficult to identify them precisely. Therefore, vehicle types were integrated into passenger cars, trucks, and
buses, and the emission amount was allocated according to the relevant fuel consumption, assuming that each
sector used a specific type of vehicle. In other words, emission factors of NO, and SPM per unit energy
consumption for 3 types vehicles shown in Table 3-20 were provisionally prepared, and multiplied by the
energy consumption in each sector to obtain the emissions for each sector.

SO, emission factor was determined from the SO,-converted sulfur content of each fuel and its calorific
value, and emission amount was calculated from the factor and energy consumption. Table 3-21 shows SO,
emission factor by fuel type using the actual values of sulfur content (Petroleum Association of Japan, 2000,
Mitsui O.S.K. Lines, 2000).
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Table 3-15 NO, emission factors for diesel-powered vehicles by vehicle type and range of traveling speed

Vehicle type NO, emission factor (g/km) by range of traveling speed

[Diesel-powered vehicle] Speed range (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80

Subcompact cars - - - - R R N

Passenger cars (compact, midsize and large) 0.86 0.86 0.52 0.35 0.26 0.25 0.28
Subcompact trucks - - - - - - -
Small trucks (including vans) 3.79 3.79 3.79 2.85 1.96 1.39 1.55
Middle and large trucks 7.90 7.90 7.90 5.98 4.16 3.01 3.30
Buses 11.67 11.67 11.67 8.87 6.22 4.55 5.02
Special-purpose vehicles 8.33 8.33 8.33 6.36 4.50 3.30 3.59

Table 3-16 NO, emission factors for gasoline-powered vehicles by vehicle type and range of traveling speed

Vehicle type NO, emission factor (g/km) by range of traveling speed
[Gasoline-powered vehicle] Speed range (km/h)

3~5 5~10 10~15 15~25 25~40 40~60 60~80
Subcompact cars 0.21 0.21 0.21 0.20 0.20 0.22 0.26
Passenger cars (compact, midsize and large) 0.36 0.36 0.24 0.18 0.14 0.14 0.17
Subcompact trucks 0.89 0.89 0.89 0.83 0.82 0.90 1.18
Small trucks (including vans) 121 1.21 121 1.02 0.94 1.09 1.71
Middle and large trucks 2.95 2.95 2.95 2.58 242 2.72 3.94
Buses 4.52 4.52 4.52 4.06 3.94 4.49 6.38
Special-purpose vehicles 0.62 0.62 0.62 0.54 0.52 0.64 1.02

Table 3-17 NO, emission factors for LPG-powered vehicles by vehicle type and range of traveling speed

Vehicle type NO, emission factor (g/km) by range of traveling speed
[LPG-powered vehicle] Speed range (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80
Subcompact cars - - - - R R N
Passenger cars (compact, midsize and large) 0.43 0.43 0.43 0.44 0.49 0.63 0.90
Subcompact trucks - - - - - - -
Small trucks (including vans) - - - - - - -
Middle and large trucks - - - - - - -
Buses - - - - - - -
Special-purpose vehicles - - - - - - -

Table 3-18 SPM emission factors for diesel-powered vehicles by vehicle type and range of traveling speed

Vehicle type SPM emission factor (g/km) by range of traveling speed
[Diesel-powered vehicle] Speed range (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80
Subcompact cars - - - - - - -

Passenger cars (compact, midsize and large) 0.049 0.03 0.021 0.016 0.015 0.016 0.021
Subcompact trucks - - - - - - -
Small trucks (including vans) 0.167 0.125 0.102 0.085 0.073 0.071 0.087
Middle and large trucks 1.125 0.777 0.615 0.521 0.463 0.443 0.457
Buses 1.281 0.894 0.71 0.6 0.525 0.494 0.509

Special-purpose vehicles 0.787 0.543 0.428 0.361 0.319 0.307 0.326
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Table 3-19 SPM emission factors for gasoline- and LPG-powered vehicles by vehicle type

Vehicle type Gasoline vehicle LPG vehicle
g/km g/km
Subcompact cars 0.025 -
Passenger cars (compact, midsize and large) 0.01 0.01
Subcompact trucks 0.025 -
Small trucks (including vans) 0.063 -
Middle and large trucks 0.077 -
Buses 0.085 -
Special-purpose vehicles 0.077 -

Table 3-20 Provisional emission factors for NO, and SPM by 3 types of vehicle

NO, emission factor (kg/10"kcal) SPM emission factor (kg/10’kcal)

Diesel Gasoline LPG Diesel Gasoline LPG
Passenger cars 3.28 1.56 7.44 0.18 0.11 0.13
Trucks 21.66 20.75 - 1.82 0.77 -
Buses 28.52 - - 2.55 - -

Table 3-21 SO, emission factors for mobile sources by fuel type

Fuel type Sulfur content SO, emission factor
wt% kg/10'kcal
Gasoline 0.04 0.71
Diesel oil 0.13 2.23
Fuel oil A 0.78 13.92
Fuel oils Band C 2.89 56.62
LPG 0 0

3.5.2 SPM Emissions Originating from Tire Wear

Tire wear is an SPM emissions source resulting from automobile use. In this book, the amount of SPM
emission was calculated by SPM emission factor per unit traveling distance by vehicle type (Environment
Agency, 1997) shown in Table 3-22 and the traveling distance for each vehicle type in Tables 3-12 ~ 3-14. The
total SPM emission was allocated to each sector according to energy consumption by specific types of
automobiles, the same allocation method used for SPM emissions from fuel burning.

Table 3-22 SPM emission factor for tire wear by vehicle type

Vehicle type SPM emission factor for tire wear
g/km
Subcompact cars 0.02
Passenger cars (compact, midsize and large) 0.02
Subcompact trucks 0.02
Small trucks (including vans) 0.02
Middle and large trucks 0.2
Buses 0.1

Special-purpose vehicles 0.2
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3.5.3 Emissions from Shipping, Trains and Aircraft
NO, and SPM emissions from shipping are high, with the emission factor depending on vessel size. Therefore,
we used the NO, emission factor by fuel type regarding four types of ships (Tonooka et al., 2000) as shown in
Table 3-23. However, since SPM emission factors were obtained for only diesel and fuel oil (Cass G. R. et al.,
1982), the same value was used for all ships. For trains (MRI, 2000, USEPA, 2000) and aircraft (MRI, 2000,
Cass G. R. et al., 1982), the values as shown in Table 3-24 were used for calculation. Since there was no
corresponding emission factor for trains to steam coal, the value for "Stoker-fired boilers™ was substituted.

SO, emissions by diesel oil and jet fuel were calculated by emission factor based on the sulfur content as
shown in Table 3-21. SO, emission factor for steam coal was given by the same reference (USEPA, 2000) as
NO, and SPM emission factors.

Table 3-23 NO, and SPM emission factors for shipping

Diesel oil Fuel oil A Fuel oils B and C
Ship type NO, SPM NO, SPM NO, SPM
kg/10"kcal
Fishing boat (offshore and distant waters) 33.0 1.95 445 3.39 46.0 3.39
Fishing boat (coastal) 374 1.95 38.0 3.39 39.9 3.39
Ocean-going shipping 75.7 1.95 77.1 3.39 80.9 3.39
Coastal shipping 58.8 1.95 59.8 3.39 62.7 3.39

Table 3-24 NO, and SPM emission factors for train and aircraft

Steam coal Diesel Jet fuel
Transportation NO, SO, SPM NO, SPM NO, SPM
kg/10"keal
Train 7.26 315 0.71 7.31 3.25 - -
Aircraft - - - - 11.1 0.68

3.5.4 Emissions from Agricultural Machinery and Construction Machinery
Non-regulated vehicles, such as agricultural machinery and construction machinery, have higher emission
factors for NOy and SPM than automobiles. We employed the NO, emission factor (MRI, 2000) based on the
measurement result (Environment Agency, 1995) of actual working machinery in Japan.

Since there was no SPM emission factor reflecting actual value for working machinery in Japan, we set the
emission factor using the U.S value (AACOG, 1996). The emission factor used in this work is shown in Table
2-35. The SO, emission factor was the same as in Table 3-21.

Table 3-25 NO, and SPM emission factors for agricultural and construction machinery

Diesel oil
Machinery type NO, SPM
kg/10'kcal
Agricultural machinery 41.32 2.2

Construction machinery 43.40 2.2
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Chapter 4

SECTORAL ENVIRONMENTAL BURDEN AND
EMBODIED INTENSITY

4.1 Energy Consumption and Air Pollutant Emissions for Each Sector

In this section, we surveyed the structure of energy consumption and air pollutant emissions estimated in
Chapters 2 and 3 from the viewpoint of sector and fuel type. All 400 sectors including the "Consumption
expenditures of households" sector were consolidated into 17 sectors and the direct energy consumption and
emissions for each sector were quantitatively revealed. In addition, we calculated the contribution of each
sector-induced environmental burden by the economic final demand to the total burden. The induced
environmental burdens were obtained for the 399 sectors, after which these sectors plus the "Consumption
expenditures of households" sector (only direct burdens) were consolidated into 17 sectors.

Calculation of the induced environmental burden in each sector utilized the embodied intensity e;
determined by Equation (1-14). The final demand for sector i, F;, can be divided into domestic final demand,
Yi, and export demand, E;, as Equation (4-1). Equation (4-2) gives the induced environmental burden, T;, by
the final demand for any sector i. Here, m; represents the import coefficient defined by Equation (1-9).

F =Y +E (4-1)

T = (1_ mi) &Y, +&E, (4-2)

4.1.1 Energy Consumption

Fig. 4-1 shows sectoral direct energy consumption and its fuel type composition (coal, petroleum, natural gas
and other). Fig. 4-2 shows the contribution of each sector to the total energy consumption from the viewpoint
of induced consumption by final demand. The total energy consumption attributable to Japanese economic
activity was estimated to be 438 M TOE (Ton Oil Equivalent = 10" kcal) in 1995. In comparison with other
estimations, this value is somewhat smaller than the 469 M TOE proposed by Hondo et al. (Hondo et al.,
2001), since there were differences in calorific values for each fuel and definition of the net contribution rate,
in addition to differences in the statistics used in the estimation. For direct energy consumption, the “Electric
power, gas and heat supply" sector accounted for 35 % of the whole, or 150 M TOE, because nuclear, hydro
and other forms of power generation were included, followed by 17 %, or 74 M TOE for the "Transportation"
sector. The "Consumption expenditures of households™ (Households) sector accounts for 13 % of the total, or
57 M TOE, mainly due to consumption of gasoline and diesel oil by private cars.

For energy consumption induced by final demand, economic demand for the "Communications and
service™ sector, which includes restaurants, personal services such as amusement facilities and medical and
insurance services, directly and indirectly induced 17.5 % of the total energy, although the direct energy
consumption was only 5 %, or 23 M TOE. Similarly, 15.2 % of the whole energy originating in economic
demand for the "Construction and real estate” sector, while only 2 % of the total, or 7 M TOE, was directly
consumed.
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4.1.2 CO; Emissions

CO, emissions were estimated to be 343 Mt-C in this study. This estimate was an intermediate value between
the 334 Mt-C calculated by Hondo et al. (Hondo et al., 2001) and 359 Mt-C by Keio University (Asakura et al.,
2001). The proportion of direct CO, emissions for each sector was similar to the energy consumption shown in
Fig. 4-3. Emissions from the "Electric power, gas and heat supply" sector were the greatest, representing about
30 % of the whole, or 103 Mt-C, followed by 58 Mt-C and 41 Mt-C in the "Transportation" and “"Household"
sectors, respectively. The "Ceramic, stone and clay products” sector, which includes cement
industry-consumed limestone, accounted for 7 % of total CO, emissions, in spite of accounting for only 3 %
of total energy consumption. Also, the "lron and steel" sector, in which limestone is consumed and large
amounts of coal-based fuels are used, dominated, accounting for 8 % of energy consumption and 11 % of CO,
emissions.

The sectoral proportion of CO, emissions induced by final demand was similar to that of energy
consumption as shown in Fig. 4-4. However, the percentage for the "Construction and real estate” sector
showed the largest share of 19.2 %, because of demand for the sector-caused cement and iron steel production,
in which CO; is emitted by limestone consumption as separate from fuel burning.

4.1.3 NOyEmissions

NO, emissions amounted to 3.51 Mt. Emissions from the "Transportation™ sector, including mobile sources
such as road transport, marine transportation, and air transport, was 2.12 Mt and accounted for 61 % as shown
in Fig. 4-5. Emissions control technologies, such as denitrification equipment and low NO, burners, are
installed in stationary sources, which is why the contribution of the "Electric power, gas and heat supply"
sector was only 8 %, or 0.28 Mt of NOy despite being a energy consuming sector. Emissions from the
"Agriculture, forestry, and fisheries" sector amounted to 0.22 Mt due to the combustion of fuel oil by fishing
boats.

On the other hand, the "Transportation™ sector was not only the large direct emission sector, but also showed
the largest share of 41 % for induced NOy emissions, as shown in Fig. 4-6. This emissions structure was
different from that of CO,. In particular, the "Food" sector showed a high ratio of 6 %, because this sector
causes NOy emissions from fuel oil for fishing boats by inducing activity in the "Agriculture, forestry and
fisheries" sector.

4.1.4 SOxEmissions

SO, emission was estimated to be 1.87 Mt. Fig. 4-7 demonstrates the small contribution of stationary sources
due to control measures such as installation of desulfurizing equipment. The emissions from the
"Transportation™ sector of mobile sources was 0.97 Mt, accounting for 52 %, a very large proportion and the
same as for NO,. In particular, fuel oil consumption by overseas vessels pushed up the emission amount. SOy
emissions depend on the fuel type, and major emitting sectors in the list of stationary sources were the "lron
and steel" sector, which consumes large amounts of coking coal and steam coal; and the "Food" sector, which
consumes fuel oil for steam boilers. Also, the "Paper and pulp" sector produces high SO, emissions due to the
utilization of fuel oil as a heat source for drying paper, as well as the utilization of black liquor. The cause of
SO, emissions from black liquor is due to the presence of sulfur compounds originating in the sodium sulfide
used in the digesting process used to eliminate lignin from wood.

From the viewpoint of final demand, the contribution of each sector to SO, emissions is shown in Fig. 4-8.
As with the case of NO,, the "Transportation” sector dominated, contributing 44.1 %, almost half of the total.
The "Machinery and other production™ sector had a share of 9.7 %, larger than that of the "Construction and
real estate" sector with 9.1 %. The NOy emission intensity for the "Construction and real estate™ sector showed
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a high value due to emissions from construction machinery. In the case of SOy emission intensity, the
contribution of construction machinery was small, because the intensity was calculated based on fuel sulfur
content. Therefore, the final demand for the "Construction and real estate" sector caused minimal SOy
emissions.

4.1.5 SPM Emissions

Total SPM emission primary particles from anthropologic sources was estimated at 0.32 Mt. Emissions from
the "Transportation" sector accounted for 45 %, or 0.14 Mt as shown in Fig. 4-9. Tire wear caused 0.032 Mt of
SPM emission, or 10 % of the whole, leading to greater emission amounts in the "Transportation" and
"Household" sectors. The contribution of the "Agriculture, forestry, and fisheries" sector amounted to 0.036
Mt, or 11 % of the total, due to the inclusion of emissions from the open burning of straw and chaff as well as
emissions from fishing boats. This was a high value, following 0.046 Mt for the "Electric power, gas and heat
supply" sector.

Fig. 4-10 demonstrates the demand for the "Food" sector-induced SPM emissions of 10.5 % of the whole,
followed by the "Transportation sector" and the "Construction and real estate sector". Since the demand for the
"Food" sector was related to production by the "Agriculture, forestry, and fisheries™ sector, the emissions from
open burning and fishing boats increased the share of the "Food" sector in the total.
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Fig. 4-1 Direct energy consumptions for each sector and its breakdown by fuel type
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Fig. 4-7 Direct SO, emissions for each sector and its breakdown by fuel type
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Fig. 4-9 Direct SPM emission for each sector and its breakdown by fuel type
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4.2 Technical Problems with Estimation of Energy Consumption

This study employed public statistics and the results of questionnaire surveys to estimate energy consumption
and CO, and air pollutant emissions. However, the MAP investigation used for air pollutant estimation
revealed that there is a by-produced fuel not included in the published statistics for the petrochemical industry.

The cracking process for crude oil and naphtha at petroleum refineries and petroleum chemical industries
generates by-produced gases, which are typically called “off-gas”. We used the consumption of
petroleum-based hydrocarbon gas in the Structural Statistics as that of off-gas. The Structural Statistics says
that production of petroleum-based hydrocarbon gas excluding that used for raw materials was 14,678 Mm? in
1995 and its heat value was 13.797 Pcal due to using the same calorific value of 9,400 kcal/m?® as methane for
calculation. In this consumption, the petroleum refinery and petrochemical industries consumed 9,061 Mm®
(85.17 Pcal as reported value) and 2,102 Mm?® (19.76 Pcal) respectively, as shown in Table 4-1. On the other
hand, since we gave 10,726 kcal/m® as the calorific value of petroleum-based hydrocarbon gas, this study
calculated 97.19 Pcal for petroleum refineries and 22.54 Pcal for the petrochemical industry, and allocated
them to each sector in the Input-Output Tables.

Table 4-1 Difference in by-produced gas fuel consumption between 3EID and MAP investigation

Structural Statistics ~ MAP investigation 3EID Difference
(excluding natural gas) (3EID-MAP)
Mm® Pcal Mm® Pcal Mm® Pcal Pcal
Petroleum refinery 9,061 85.17 10,929 88.72 9,061 97.19 8.47
Petrochemical 2,102 19.76 8,186 67.49 2,102 22.54 -44.95

According to the MAP investigation, petroleum refineries and the petrochemical industry consumed 8,592
Mm?® (75.3 Pcal) and 2,122 Mm?® (21.27 Pcal) of off-gas. These values agree approximately with our
estimation. However, the MAP investigation indicated that those industries also consumed 11,335 Mm?® (174
Pcal) and 6,287 Mm? (50.19 Pcal) as other gas fuels respectively, in addition to petroleum-based hydrocarbon
gas. Since the MAP investigation includes natural gas in 'Other gas fuels,’ natural gas consumption in the
Energy Balance Tables was deducted from the other gas fuel consumption figures. The sums of the remaining
other gas fuel and off-gas above were 88.72 Pcal for the petroleum refinery industry and 67.49 Pcal for the
petrochemical industry. The former was close to our value, but the latter showed a large divergence of 44.95
Pcal. One of the reasons may be that of by-produced gases, Structural Statistics takes into account only
methane, and does not count by-produced gas with high calorific value, although petrochemical processes in
fact use C3 and C, type hydrocarbon gases generated during their processes as fuel.

In this study, hydrocarbon oil in the Structural Statistics is treated as by-produced liquid fuel from
petrochemical process. Total consumption was 19.93 Pcal. Other liquid fuel oils identified in the MAP
investigation were particularly the long-chain types of hydrocarbon oils. Consumption of the long-chain types
was 53.48 Pcal, 33.55 Pcal larger than our value based on available statistics. The petrochemical industry
consumes most of this. Taking into account the difference in by-produced gas fuel, there is a possibility that
we are at present underestimating energy consumption, CO, and air pollutant emissions for sectors related to
the petrochemical industry. Even if their contribution to total CO, emissions in Japan is small, any
underestimation can strongly influence embodied intensities for the petrochemical sectors. If these intensities
are applied to inventory data in LCAs for petrochemical products like plastic goods, the reliability of these
analyses is probably low.

However, we thought it would be difficult to quantitatively estimate the by-produced fuel consumptions not
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accounted for in publicly available statistics, because of a lack of detailed information uncovered by the MAP
investigation on chemical composition, on the fuels used as off-gas, other gas fuels and other liquid fuels.
Thus, this study includes no specific corrections to the by-produced fuel consumptions in available statistics.
Referring to studies on carbon flow at petrochemical process (D.J. Gielen et al., 2002), it is an important task
to quantify unknown fuel consumption.

4.3 Table of Embodied Energy and Emission Intensity

The Table at end of this book summarizes embodied intensities derived from estimated direct environmental
burdens imposed by each sector, using input-output analysis as described in the subsection "1.3.1 Embodied
Intensity Based on Producer Price". The specifications are as follows.

Year: 1995
Basis price: Producer price
Sector classification: 399 sectors (detailed classification)

In this Table, energy intensities are expressed as "TOE = 10’ kcal" (Ton Oil Equivalent). Also, CO,
emission intensities are expressed as t-C (carbon equivalent). Energy intensities in GJ and CO, emission
intensities in Gg (CO, equivalent) can be seen in the Appendix file ("Complete list of embodied intensities on
producer price basis").
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Chapter 5
COMPOSITION OF THE DATA FILE

5.1 Starting 3EID CD-ROM

When the attached CD-ROM s inserted into the drive, the start screen in Web format illustrated in Fig. 5-1
automatically opens. You can choose either English- or Japanese-language files. If the CD-ROM does not run
automatically, click the "index.html" file to open it. After choosing English, the screen seen in as Fig. 5-2
opens and allows selection of "Summary", "Data file", "Appendix file" and "Contact us" using the menu at the
left.

N mbodied
Dzing [npat.
"

Language
choice

Fig. 5-1 3EID CD-ROM startup screen
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Fig. 5-2 Menu selection page in English
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5.2 Data File Names and the Composition of the Directory

If you choose "Data files" from the menu, the page shown in Fig. 5-3 will appear. Data files on the 3EID
CD-ROM include "Embodied intensity data files" and "Breakdown data files", in Microsoft Excel® Workbook
form (.xIs). If you click "Intensity data files", the Selection menu seen in Fig. 5-4 will open. Clicking the file

name opens that data file.
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Data files are named according to a set of rules. The names of embodied intensity data files start with "ei" as
shown in Fig. 5-5. As described below, embodied intensity data files include those on a producer price basis
and on a consumer price basis, (purchase price basis only for the "Consumption expenditures of households"
sector).

" Embodied Intensity Data Files
\_ <file name starts with "ei">

ei953_9§g_e.xls

____________________

v v v

Year of the Input-Output Tables Number of sectors Price based on
95:1995 Table 399:399 sectors p:producer price
90:1990 Table 032: 32 sectors c:consumer price

A
A A '

-
1

v

Subjects
co2: CO, emission
ene: Energy consumption
nox: NO, emission
sox: SO, emission
spm: SPM emission

Breakdown Data Files
\_ <File name starts with "bd">

Fig. 5-5 Nomenclature of data files

You can follow the series of operations from fuel consumption to direct environmental burdens for each
sector using the producer price basis embodied intensity data files. They are organized by the year of the
Input-Output Tables and the sector number. Trade margins and domestic transportation fees for the
"Household consumption expenditures” sector are also shown on a consumer price basis in the embodied
intensity data files, enabling you to follow the calculation process of the embodied intensity on a consumer
price basis. Concerning file names, the 2-digit number following "ei" indicates the year of the Input-Output
Tables, and the subsequent 3-digit number indicates the number of sectors. A final p (producer price) or ¢
(consumer price) indicates the price basis. However, embodied intensity on a consumer price basis has been
prepared only for detailed sector classification (1995: 399 sectors, 1990: 407 sectors).

The filename of the breakdown data files starts with "bd", and these files contain breakdown lists of the
embodied intensity by sector and fuel type (only for embodied intensity on a producer price basis). The name
consists of the year, number of sectors, basis price, and type of embodied intensity for the breakdown, listed in
that order, as well as hame of the embodied intensity data files.

Our data files are stored following the directory structure as shown in Fig. 5-6. Embodied intensity data files
are stored in the directory of sector numbers as subdirectories of the year directory. The breakdown data files
are also stored in breakdown list folders inside the directory of sector numbers.
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Fig. 5-6 Directory composition of 3EID CD-ROM

5.3 Composition of Embodied Intensity Data Files (Producer Price)

A producer price-based embodied intensity data file consists of Worksheets A through E5 following the
preparation process, showing the rationale used to calculate the embodied intensity. Embodied intensity data
files are prepared by year and number of sectors; both files share the same format. However, Worksheet B
includes intensity data files only for detailed sectors (1995: 399 sectors, 1990: 407 sectors). In the Worksheet,
intermediate sectors in the Input-Output Tables and the "Household consumption expenditures” sector are
aligned in the column direction. The Worksheet also provides the total of intermediate sectors and the sum
total of the total and the "Household consumption expenditures” sector. An overview of the preparation
processes and data entered in each Worksheet is shown in Fig. 5-7 and Table 5-1, respectively.
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Fig. 5-7 Composition of Worksheets in embodied intensity data files (producer price basis)

Table 5-1 Data entered in each Worksheet in embodied intensity data files

Worksheet name Data contents
A Fuels consumption in each sector
B Net contribution rate by sector and fuel type
C1 Calorific value by fuel type
C2 CO, emission factor by fuel type
C3 NO, emission factor by sector and fuel type
C4 SO, emission factor by sector and fuel type
C5h SPM emission factor by sector and fuel type
D1 Energy consumption by fuel type
D2 CO, emission amount by fuel type
D3 NO, emission amount by fuel type
D4 SO, emission amount by fuel type
D5 SPM emission amount by fuel type
El Direct energy consumption and embodied intensity by sector
E2 Direct CO, emission and embodied CO, emission intensity by sector
E3 Direct NO, emission and embodied NO, emission intensity by sector
E4 Direct SO, emission and embodied SO, emission intensity by sector
E5 Direct SPM emission and embodied SPM emission intensity by sector

5.3.1 Worksheet A

In Worksheet A, the consumption of fuels and resources for each sector is provided in units of material amount.
Fuel consumption is expressed in matrix form: sectors are aligned in the column direction, with fuels aligned
in the row direction. Fuels and resources listed here include 34 items whose estimation methods are described
in Chapters 2 and 3. Cells for the consolidated sectors described in the section ""2.2 Sector Consolidation" are
highlighted in yellow. For example, in Worksheet A, if you want to look up annual gasoline consumption in
the "Passenger motor cars" sector, you can find it in the cell where the "Passenger motor cars" sector row and
Gasoline column intersect, as shown in Fig. 5-8.
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Fuel types
A
- M
Column Code Sector # SeCtor name Cokmtg coal Stear? [0707: | IR, Gasli)lhne
11101 1 Rice !
11102 2 Wheat, barley and the like i
v
351101 249 Passenger motor cars ----4------=------mmmmmmmmm oo » 77979
: : : ex. Gasoline consumption in the
"Passenger motor cars" sector: 77,979kL
I

Fig. 5-8 Data format in Worksheet A

5.3.2 Worksheet B
Worksheet B gives the net contribution rates of fuel consumption to direct environmental load in each sector.
To avoid double counting, zero is allocated to the utilization of fuel as raw material for plastics or for energy
conversion. See "3.1 Definition of The Net Contribution Rate" for the metrology.
In Worksheet B, which has the same format as Worksheet A, each cell in the matrix is allocated a net
contribution rate of 1 or O (see Fig. 5-9). Each cell is given 1 even if consumption in Worksheet A is 0, and
specific cells are allocated 0, highlighted in red.

However, the net contribution rate was provided for only 399 sector classifications in the 1995 Table, and
407 sector classifications in the 1990 Table; therefore, there is no Worksheet B for embodied intensity data
files for other sector classifications.

Fuel types
A
- I
Coking coal] Steam €oal rrrre:. GASONNE  rvrerervrrcr
Column code| Sector # Sector name - . )
11101 1 Rice !
11102 2 Wheat, barley and the like 5
v
351101 249 Passenger motor cars —---=f============== == == oo » 1
ex. The net contribution rate of gasoline to the "Passenger car" sector is given as 1.

The all energy consumption contributed to environmental burden.

Fig. 5-9 Data format in Worksheet B

5.3.3 Worksheets C1-C5

Worksheet C1 lists the calorific values for each fuel type shown in Table 3-3 (see Fig. 5-10). In Worksheet C2,
CO, emission factors shown in Table 3-4 are given. In the same format, in Worksheets C3, C4, and C5,
emission factors of NO,, SO, and SPM for each fuel type and each sector are given, respectively (see Fig.
5-11). When fuel consumption is allocated 0 in Worksheet A, the emission factor is also allocated 0. On the
other hand, even if the consumption relating to emission is given, if the emission factor is allocated 0 due to
installation of efficient control technology such as desulfurization equipment or allocation of pollutant
emissions to by-produced gas such as coke for blast furnaces, the emission factor of the relevant cell is
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allocated 0.0000.

In Worksheets C3-C5, since emission factors are defined based on detailed sector classification, Worksheets
C3-C5 in embodied intensity workbooks for other sector classifications include temporary emission factors
which are obtained by dividing the aggregated emission amount calculated in detailed sector classifications (in

Worksheets D3-D5) by the energy consumption listed in Worksheet D1.

Fuels and resouces |Calorific value| Unit [ Remaks
Coking coal 0.6904| TOE/t
Steam coal, lignite and anthracite 0.6354| TOE/t

Fig. 5-10 Data format in Worksheet C (example of C1)

Fuel types
A
- ™
Column codel Sector # Sector name Coking coal | Steam coal ... Gasoline ...
u kg/TOE | kg/TOE kg/TOE
11101 1 Rice '
11102 2 Wheat, barley and the like 5
v
351101 249 Passenger motor cars-----{----==============-=---mmmmooeo - » 20.75

ex. NO, emissoin factor regarding gasoline
in the "Passenger motor cars" sector: 20.75kg/TOE

Fig.5-11 Data format in Worksheet C (example of C3)

5.3.4 Worksheets D1-D5

Worksheet D1 provides the energy consumption for each sector by fuel type. The energy consumption was
obtained by multiplying the fuel consumption in Worksheet A by the net contribution rate in Worksheet B and

calorific value in Worksheet C1 (see Fig. 5-12).

Fuel types
A
' ™
Coking coal | Steam coal = Gasoling
Column code| Sector # Sector name 0.6904 0.6354 0.8266
TOE/ TOE/ TOE/KI
11101 T Rice :
11102 2 Wheat, barley and the like Consumption (A) x Net contribution | 1 Reference of
; ; ; rate (B) x Calorific value (C1) | calorific value in
v Worksheet C1
351101 249 Passenger motor cars » 64457

ex. Energy consumption regarding gasoline in the
"Passenger motor cars" sector: 64,457(TOE)

Fig.5-12 Data format in Worksheet D1
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On the other hand, the respective emission amounts of CO,, NOy, SO, and SPM for each sector by fuel type
are given in Worksheets D2-D5. The air pollutant emissions were calculated by multiplying the energy
consumption in Worksheet D1 by the emission factors in Worksheets C2-C5 (see Fig. 5-13). However, the
SPM emission from tire wear (of diesel, gasoline and LPG automobiles) in Worksheet D5 was calculated by
multiplying the emission factor in Worksheet C5 by the energy consumption of diesel, gasoline and LPG in
Worksheet D1, respectively.

Fuel types
AN
- ™
Coking coal | Steam coal -wwrrrrscri. GASONNG wroresssssssssssiesns
Column code| Sector # Sector name kg-NO, | kg-NO, kg-NO,
11101 1 Rice : ;
11102 2 Wheat, barley and the like Energy consumption (D1) x !
: : Emission factor (C3) ¢
351101 249 F;assenger motor cars  ---f-- » 1337728
: : : ex. NO, emission regarding gasoline in
the "Passenger motor cars" sector: 1,337,728 kg

Fig.5-13 Data format in Worksheet D3

5.3.5 Worksheets E1-E5

Worksheets E1-E5 list domestic production (million yen), direct environmental loads (TOE, t-C, kg), unit
direct environmental burden (TOE, t-C, kg/million yen), embodied intensity (I-A)™” type (TOE, t-C, kg/million
yen), and embodied intensity {I-(1-M) A} type (TOE, t-C, kg/million yen) for each sector.

For example, as shown in Fig. 5-14, in Worksheet E1, direct energy consumption was determined by
summing the energy consumption by fuel type obtained in Worksheet D1. Unit direct energy consumption is
determined by dividing direct energy consumption by domestic production. Embodied energy intensity (I-A)™*
type is given by multiplying together the unit direct energy consumption and the (1-A)™ type inverse matrix.
Also, values that were calculated using the {I-(I-M)A}" type inverse matrix represent embodied energy
intensity {I-(1-M) A} type. Direct energy consumption and embodied energy intensity are also represented in

J (joule).
Energy consumption
of import item
Sum of energy consumption at Direct energy consumption / assumed to be the Excluded energy
row in Worksheet D1 Domestic production same as that of consumption of
domestic ones import items
Domestic  Direct energy Unit direct Embodied Embodied Direct energy Embodied Embodied
Column|Sector # Sector name production  consumption energy consumption energy intensity  energy intensity | consumption energy intensity  energy intensity
(million yen) (TOE) (TOE/million yen) (I-A)* type {I-(-M)A}* type (GJ) (I-A)™* type {I-(-M)A}* type

code (TOE/million yen) (TOE/million yen) (GJ/million yen)  (GJ/million yen)

11101 1 Rice | | | | !

11102 2 |Wheat, barley and the like i i
v v v v v

351101 249 ([Passenger motor car: » 0.9409 0.8252 7211995 39.388 34.542

~—
ex. When a passenger car of million yen in producer price is produced, it
consumes directly and indirectly energy:0.9409 TOE (TOE=10"kcal)

(10kcal) using 4.18605J/cal

Converted in Joule from TOE
ex. When a passener car of million yen in producer price is produced, it
consumes directly and indirectly enegy exept for import items:0.8252 TOE

Fig.5-14 Data format in Worksheet E1
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Worksheet E2 provides the same items on CO, emissions as those in Worksheet E1: in units of t-C and
Mg-CO,, respectively.

For example, in the case of CO,, the combustion of biomass fuels such as black liquor and waste wood are
not counted as direct CO, emissions. In short, the types of fuels regarded as direct environmental burdens
depend on the type of burden. In Table 5-2, fuels summed as direct environmental burdens are summarized by
Worksheet (burden type).

Table5-2 Fuels and resources counted as direct environmental burden

Worksheet name

Fuel and resource name El E2 E3 E4 E5
[Energy] [CO,] [NG,] [SO,] [SPM]

Coking coal O O O O O
Steam coal, lignite and anthracite O O O
Coke O O O O O
Blast furnace coke O @) X X X
Coke oven gas (COG) O O O O O
BFG (Consumption) O O O O O
BFG (Generation) O O - - -
LDG (Consumption) O O O O O
LDG (Generation) O O - - -
Crude oil O O O O O
Fuel oil A O O O O O
Fuel oils Band C O O O O O
Kerosene O O O O O
Diesel oil O O O O O
Gasoline O O O O O
Jet fuel O O O O O
Naphtha O O O O O
Petroleum-based hydrocarbon gas O O O O O
Hydrocarbon oil O O O O O
Petroleum coke O O O O O
Liquefied petroleum gas (LPG) O O O O O
Natural gas, LNG O O O O O
Mains gas O O O O O
Black liquor O - O O O
Waste wood O - O O O
Waste tires O O O O O
Municipal waste - O O O O
Industrial waste - O O O O
Nuclear power generation O - - - -
Hydro and other power generations O - - -
Limestone - O - - -
Electric power by electric furnaces - - - -
Non-ferrous metal ores - - - -
Open burning of straw and chaff - - - - @)
Tire wear (Diesel vehicle) - - - - O
Tire wear (Gasoline vehicle) - - - - O
Tire wear (LPG vehicle) - - - - O

O Included in direct environmental load
xNot included due to setting emission factor at 0

- Not regarded as an emission source

5.4 The Composition of Breakdown Data Files

When you chose a breakdown data file from page in Fig. 5-3, the page listing the data files opens as shown in
Fig. 5-15. Clicking the file name opens the file.
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Breakdown data files include breakdowns of each embodied intensity entered in Worksheets E1-E5 of
intensity data files on the basis of producer price, which makes it possible to find which sectors and emissions
from fuels contribute to a particular embodied intensity. In Worksheets F1, F2 and G, a breakdown list of
(I-A)-1 type intensity is provided, and sectors are divided into two: the first half of the sectors is addressed in
Worksheet F1 and the latter half in Worksheet F2 (see Fig. 5-16). Similarly, in Worksheets H1, H2, and |, a
breakdown list of {I-(I-M)A}-1 type intensity, respectively, is included.

MDD BEE BTN BERIANE 0-MD AT i

-0 KRG S O BHE-JB

Fia rama Typa of ambodied intarsity Year Mum of sactors Basia prica

SUMMARY [ —— ey 1995 a0 Producer
DATA FILE
ba9s3SpeoD_exds oo 1 E Producer
™ ! s Frauenr
ba9s3psox_8 xs 0 1 E Producer
som ! 3 Producer

Table 3-2 Breakdown data files for the small clissifs

H‘q ROTAEA NIWEER

B riational Tratitubn for Eman ranmnntal St

Fig.5-15 Selection page of breakdown data files

F1 and F2: Breakdown list of (I-A)! type G: Breakdown list of (I-A)1 type
embodied intensity by sector embodied intensity by fuel type

G

First half

Latter half

H1 and H2: Breakdown list of {I-(-M)A}! type I: Breakdown list of {I-(I-M)A}! type
embodied intensity by sector embodied intensity by fuel type

First half

AN

Worksheet

Latter half

Fig.5-16 Composition of Worksheets in breakdown data file
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5.4.1 Worksheets F1 and F2
Worksheets F1 and F2 provide a breakdown list for (I-A)™ type embodied intensity by sector. Because of

limitations on the number of cells in the row direction on a Worksheet, embodied intensities are separated into
a first half and latter half to allow space for detailed sector classification. The entire embodied intensities are
presented in Worksheet F1 except for the detailed sector classification.

Sectors are aligned in the row direction, and breakdown lists of an embodied intensity by sector are aligned
in the column direction. The summation of each column is equal to the (I-A)™ type embodied intensity of that
sector (see Fig. 5-17). From this breakdown list, you can find the contributing sectors and their contribution to
direct and indirect environmental burden along with production activity per million yen in any sector in the
Worksheet.

Embodied energy intensity 1 2 o _ 200
Sector # Sector name Rice Wheat,etc Turbines
1 Rice 0.0002

2 Wheat, barley and the like 0.1197

249 |Passenger motor cars 0.0000

Sum of column is equal to the
embodied energy intensity

399 Activities not elsewhere classified 0.0019
Embodied Intensity (TOE/million yen) 0.8727

Fig.5-17 Data format in Worksheet F1 (example of embodied energy intensity)

5.4.2 Worksheet G

Worksheet G shows a breakdown list of (I-A)™ type intensity by fuel type. Fuels and resources are aligned in
the row direction and sectors are aligned in the column direction. The sum of each row is equal to the (I-A)*
type embodied intensity of each sector (see Fig. 5-18). Fuels and resources summed as embodied intensity are
shown in Table 5-2. From this breakdown list, you can find the contributing fuels and their contribution to
direct and indirect environmental burden, along with production activity per million yen in any sector in the

Worksheet.

Embodied energy intensity 1 2 34 Embodied Intensity
Sector # Sector name Coking coal _Steam coal Open burning| TOE/million yen
1 Rice 0.0024 0.0298 0 0.5199

2 Wheat, barley and the like

249 |Passenger motor cars Sum of row is equal to embodied energy intensity '

399 [Activities not elsewhere classified

Fig.5-18 Data format in Worksheet G (example of embodied energy intensity)

5.4.3 Worksheets H1 and H2
Similarly to Worksheets F1 and F2, Worksheets H1 and H2 give the breakdown list of {I-(I-M)A}" type

embodied intensity by sector. Sectors are divided in half: the first half of the sectors is presented in Worksheet
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H1 and the latter half in Worksheet H2.

5.4.4 Worksheet |
Worksheet | provides a breakdown list of {I-(I-M)A}" type embodied intensity by fuel type in the same
format as in Worksheet G.

5.5 Composition of Embodied Intensity Data File (Consumer Price)

From the page illustrated in Fig. 5-4, you can open embodied intensity data files based on the consumer price
(for the "Consumption expenditures of households" sector). They can be found in Worksheets J, K1-K5, L,
and M1-M5. Worksheets J and K1-K5 describe the calculation process for (I-A)™ type embodied intensity, and
Worksheets L and M1-M5 provide this information for {I-(I-M)A}™ type embodied intensity.

Worksheets J and L include intensity on a producer price basis, production amount, trade margin and
transportation fees input to the "Consumption expenditures of households" sector. Embodied intensities based
on the consumer’s price are provided by environmental load type in Worksheets K1-K5 and M1-M5, where
(M and K) 1 is for energy, 2 for CO,, 3 for NO,, 4 for SO, and 5 for SPM. The composition of embodied
intensity data files (consumer price basis) is shown in Fig. 5-19. There are data files for only detailed sector
classifications (1995: 399 sectors, 1990: 407 sectors).

K1-K5: (FA)! type embodied intensities

) on the basis of consumer price
J: Values for calculation of (I-A)! type

embodied intensities on the basis of consumer price

J > K1 K5:SPM

K4:S0,
Energy K3:NO,
K2:CO,

*Production amount inputted to the “Consumption expenditures of households " sector
*Trade margin and transportation fee
*(I-A)! type embodied inte nsity

M1-M5: {I-(I-M)A}* type embodied intensities

. on the basis of consumer price
L: Values for calculation of {I-(I-M)A}* type

embodied intensities on the basis of consumer price

M1 M5:SPM

M4:SO,
Energy M3:NO,
M2:CO,

Worksheet

\ 4

L

-Production amount inputted to the “Consumption expenditures of households " sector
+Trade margin and transportation fee
{l-(I-M)A}* type embodied intensity

Fig.5-19 Composition of Worksheets in embodied intensity data files (consumer price basis)
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5.5.1 Worksheet J
Worksheet J provides the values used for calculation of embodied intensity on a consumer price basis. These
are (I-A)™ type embodied intensities based on the producer price and the production amount, trade margin and

transportation fee input to the "Consumption expenditures of households™ (see Fig. 5-20).

Production is 0, when there is no input to the

"Consumption expenditures of households" sector

S )

Trade margin (2 sectors)
Transportation fee (7 sectors)

Embodied intensity Consumption expenditures| The sum of trade Margin and transportation fee
(on a producer price basis) of households margin
Sector #| Sector name Energy ----- SPM Million yen Million yen Wholesale ---- Warehouse
1 Rice 0.5199 0.3926 0 0 0 0
2 |Wheat, barley and the like ! ! ] H 1 |
| ! i 1 i |
L | | | | | 3
249 |Passenger motor cars 0.9409 0.53é6 5155748 3920313 1926525 7472
- s s | a s §
H | ! | i i
399 |Activities not elsewhere classified ‘

Fig.5-20 Data format in Worksheet J

5.5.2 Worksheets K1-K5

Worksheets K1-K5 provide (I-A)” type embodied intensity based on consumer price and the respective direct
and indirect environmental burdens corresponded to production amount, trade margin and transportation fee
input to the "Consumption expenditures of households" sector. However, lack of input to the "Household
consumption expenditures™ sector, no trade margin or transportation fee, such as in service sectors, prevents
calculation of the embodied intensity based on consumer price. Accordingly, a "-" mark is placed in the
relevant cell. The data format in Worksheet K (example of K1 for embodied energy intensity) is shown in Fig.
5-21.

The product of production input to the
"Consumption expenditures of households"
sector in Worksheet J and the

corresponding embodied energy intensity

The products of trade margins and
transportation fees in Worksheet J and the
corresponding embodied energy intensity
to trade and transportation sectors

Embodied energy intensity on a consumer price
basis. A"-" mark means no embodied energy
intensity due to no production input to the
“"Consumption expenditures of households" sector.

Embodied energy intensity Direct and indirect Direct and indirect Wholesale ----------—- Warehouse
energy consumption energy consumption
Sector # Sector name TOE/million yen (consumer price) TOE (for production)  TOE (for margin and trans.) TOE TOE
1 Rice - 0 0 0 0|
2 Wheat, barley and the like ! ! | H | |
N : : : o :
i ! H ! B H H
249 |Passenger motor cars 0.7220 4851225 1701697 610109 4477
Pl | | | | |
: | | 1 1 7
! ! ! ! !
399 |Activities not elsewhere classified

The quotient of the sum of direct and indirect energy consumption (for
production + trade and transportatoin) by the sum of the production amount,
trade margin and transportation fee, which are inputted to the
“Cconsumption expenditures of households" sector in Worksheet J

Fig.5-21 Data format in Worksheet K (example of embodied energy intensity)

5.5.3 Worksheet L
As with Worksheet J, Worksheet L provides {I-(I-M)A}" type embodied intensity and production
The production amount is the same as that in Worksheet J.

amount.
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5.5.4 Worksheets M1-M5
As with Worksheets K1-K5, Worksheets M1-M5 provide {I-(I-M)A}™ type embodied intensity based on the
consumer price.

5.6 Appendix File

The 3EID CD-ROM contains the following PDF file as an appendix. You will need Adobe Acrobat Reader®
to view and print this document. The viewer can be downloaded free from the Adobe Website
[www. adobe.com/].

[1] Complete list of embodied intensities at producer price basis (File name: table.pdf)
This file, especially useful when printed out, summarizes all the embodied intensities in 3EID on a producer
price basis.
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T3,

ARETITREOFTE L O EELNCBITHHEE BOBEELZRO LT T, £, [HMF#RE O
T B IR E SR AL E B X E N FR T4y 5,570 ke EHESN BRGNSy 7,597 kL DA FHE
13,167 Hké%Et LUz, E6IZ, [HZEMTES JEMOTHE & 2,330 S kOIIMHEEEE e Lid R & f]FrL,
EEAGOME LY 1,853 ki ~LEELZ, ZNHOFHEICKY, TR 2R E N &IX
4,215 Tk E720, =RNTRD 4,235 Tk, FTAawat D 4,263 TTkO LG T HZ LA MR LT,

i, WEFRICEHO A ML M5 B-C HEMOME BT R TROA SR &
LA e, TA LS P Tk B-C Bl OB ADIZEA EZE@A M EH TS, A ST @
BHO\ZL D UliAE O TR E B I LA A ma R L, £ a &M ~E D 3570, A e DEN
RLBEEBOFBELZ T, MHFEDOEVRRKELL->TWEEEZLND, LTzR-> T, AET
WA RS PRI AEE B2 =R TROZRLX — A H FIEE LU CGEEiSh g 203
TkeE L, TEEME ], [MEEE ] A2 R~ e O ENEEE & 4,215 ke b i
i), THERE I EHHOEEEEZZELS V2 2,159 k2 ER SRR O E &L,

2.4.4 XTiA

BHPNZB T DT EE EEMEROMETHE, A B IR E BICKE R ES
HEUD, TR P~ AT IO AZE, FR AR RKENTZD, PRI THZOENREe>
TS, DAETITATH, 8B, RO AMNLEENOFKICAEDEL7D, A TR
AT TRY, TO—REYR B AN ARG O AEZ ML BT, WEER TOMERKRELR
STND, ZAUFIWER TO A MRS FR~O LT MO B A&, A (i) IZfifHSh Qb EE
WL TOAZENLLER TED,

L7 C, RETHE, TamEsh BB T2 EROBEE ELL T, =X NNTEOTRLX —HLik
A FZHEENSSI AL, WERICIDENEIEED, ZOEEZELS W iHE B2 A5 oW B3R
DIECHAEL Z1T 272,

2.4.5 &1

CEH R RPN I 1T HIH E BT M S RARICHER 2 LT, £/, TSREME N TR T o 1HE
EABENTAEOME LR, KA LN AIZE DA BMOE DT, SEEEARIZI M &R T
# 40%DHE BELE ES TRy, KETIIEATFHROMEICEILHE B AL, TmEFER
(Z, M EFRIZIDEANMAE B ARG | B LT HEME ) MR T M ELZEL S E, 72D
DEZMERM AT LIz,

2.4.6 #3H
T A P 3 O OIS DT R B, KT R U TR LT,

2.4.7 Doy E¥H

WEFROENAEERITTFARHOMEEZHNTEIY, Y=y MEBHHOIZE AL TR T2 #%E | FF TH
BENTND, 2O M2 | S OTEB R R T 5L, THZEEE ] MR ASND Y =y M
BHIRIE AR E N, ERS#RE b T Lo &2 b, SAEZHETO A ABE~ORRTH DS
MHRESND, SEZEETOMRMSITIA (B E S) LU TORICEERSND, Y=y MREHROF 1§

-14-
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A 2-3 (I2FED D,

W EFRCITEA (R D) O, ERRIE DTG, @A CEEE 5) LR CTEE A%
RHLMEZVELTCND, O, ARBREECENINCOfliR 2 EOFELZ T, ER
[ Zelig et AR TR (W22 k03T ) CE#f, 1996) 0 293 T k& ELERL 828 kO & K EEVI AHND,

— 77, WEFETEA (EEES) LU T ASNAY =y MREHIIZ B IR RO ol AL
FLSALTWDD, EILEA 328 ik, 293 TkOEREp 71T\, 2O FIEH OE NI EROMEN
O oal ST, EOFHFBAR RO A LS8 5 EO R B2 FEH I TWDIENLAED
T3,

ARFECIE MLz s | PN DA B2 ER D 1,369 TkiNHAETL, MZEHiatnn 962 ke
ZEI AL TY M~ BRI ASNDZ LA RET T2, F7o, TOMOTEE T ~ZENEE RIS,
WLZEEms i P ~ DB AR 22U B\ ik B AR FEFliAEG Ty § 2 07 1% o7z,

—— OHBEBEZHLIDHHEH - —. - xHEEBEFHLLGVEHR —.
(BARERICREIT H#RH) \: (SEFEHIRIT H6H)

-oEmsoEREEREEnEst) | | onmonzstmosnzses -
| opropzasoErEEnEsey | CBEERELTHE |

| @B R DfiZR O BRGEEI Etkn: | OHEORE *i#ko)ﬁ%”,%ﬁ‘“;’ﬂa:
AR ELTHED)

X 2-3 T zednk | ERPTC I B =y MRBHI O T _E#EPH

2.4.8 +oY%

[E PN A2 BE B RE ST L HElE L, REZRFEN RV EZHERL, MEREOMERA L, AETITS
7Y OA ML FEEIE I ~D B N T2 TREHHEL TE S LD L1, Ak EE A D+ 7 4
EIROBREEAMIL, BT A MR RIEKFHTABIORCKFMEL TAETHELTZ, T 7D fiE
R II ER I A PR ), DA b s B PR L, EEi 3,464 Jike,
1,104 kK¢DF 7Y PEASILTEY, AMRIRIEKFE T ADIA BEBEEHFHIHOELND 642,939 J7
m?, %457J<$/EE% 234 k0T HUE, ZORIEEIGITH 19% L7220t SCEkE ((+1) 77 AF v 7 fiLs
fEME R 2S, 1995) LUTEl 32, 72721, BEEAF 74 0.69 (kg/l), A iR RALAZEH 2 0.716 (kg/Nm®) (2
&y#&u V), RALAKSE 0.85 (kg/l) L TR LT,

FIT =T M TCIHE SIS T 7 HIKF oM E B EL TSNS, AETITEE
FH(3.1.2 Z2HR) EL TRREEICITH G- LW EDEL TS (CO, DHEHHEL TR ES LW, — 7, FEBRIC
IR FEOIMHIZHEN CO, BFAEL, ZAUTRIEHT A, RTAT AANEIN TSIV ERF CRI S T,
LTV TR DL T O R EEAT AT s & (A FZEEITE IR 77 T t, K947 A RATK 20
Tt ERHD, LoL, ZHODOTHE MR ZEMIC IR CEXRD T2l D, RETITRIBEH A, K
TATARIZED CO HEH EZFT ELTWuy,
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PEFEBIR ICIDBRIE AN RN T —% 7 v (3EID)

2.4.9 BimFRxALKFAR

WEF TN TORND, RIS BIIRER OB 272 146,775 77 m kL, HErE
HEHCB T AB MM TOWME BAMHETHAH TEMEra—F s ] G inge) &2 U TEE T~
Al oy LTe, R CIE LM GHM M o B L e i B R O IV — B R I L O XHGEI A 2 Fldi ST
DN, FEIERER OV —EAERPNK T DRHGE G OFREIT R, T720bh, $HREIAOAF2310012
2o TR, LTS T, SRS T EEIGEZOFERHTDE, AR RILKED A
B EO—HPPEEHEERDOEDEHM~LEIVIRON/27/257-8, KETITRHEEOEIGZAFH)Y 100
ERBINMEIELT,

MEIERTFHZ LA MR RALK T A AT A MERLR R o TAERS A RUN AT T AL & s,
AR AT BRI K0 A MRS R S P T o A B G P ~1F 84,511Mcal (=R 3T R L LLEZ D
7285 9,400kcal/m® THLH) 235F L&D, TR/ FFRITBUHET A A4 g R P71 2 &5 89,270Mcal &
RSN OB END, ZAUTRGHAT A AL R —CThoH LM C&D, LI=2>C EMAEZ RS 57
HAETITEGMFT A AL L TOWEE BITHR IS Lideun,

2.4.10 xiE/KFRMH
BB OVEE B3 A R IRAL K FE T AL [RIRR IR EHE 2 B JFUEH 2 BRr< 197 Hkéz5| L rEL
77

2411 H0—9 X
BB OVEE B3 A R IRAL K FE T AL R EHE 2 B JFUEH 2BRr< 315 17 t 25| L v EdL
77

2.4.12 #ILRiMA R (LPG)

Pl RE DIE D A B B, FEH O LA A (LPG: Liquefied Petroleum Gas) 13 T.
(EHIVEMTHLD, MERITFHHEMOFRL TIERINDT-D, ZOMEITERBERETEHL T
%o WERIZBOTRIFEDR OO BAR S EFED LR M2 > TODOI, BIFEDN TEMOHOH
i<, FEFEY ML B B i B O 8% KREZ T TND1DTHD, LnL, IERBHEAZE D
TS eSS EREE AR EOHAMIX, S2EE0 BB H ALV 2L/ 5728, oMz 5 LPG
HE BRI LR, W2, hETFOEE &2/ NI DE M A B 5,

ZOBRERIET D0, Ffamard 7 H B ESh e ERHdiEE &2 5 AL, RIS, 7H
HoW, {5 EEHH, T2EM, 88 053 8o TE B &8 B3R % 4 TP & ORI REZ2 G 73 R #E T d
Sfzlzh, Zhh 3 HAZMA TEMELTRAE L, T7bb, A T¥EM, aEhEm, iy 24,
B, FZHEBRELH BN LPG YHE & 1,978 J7 t 5t LU, PR LT 0L R T2t
LT,

AEPEFAMAS COLEULRIFEM E L CORAFRDL B OI-EGFTITV, RBIEMREFHEL T AT AT
EENTODESFIIA T LT, ZORIED D LPG (BIZAE LPG) LI, Whwbd £k Kbk FE
TATHY, ZAUIEIPEM T A &)y A b7 SR B R ~ 0 T 7 i A s LER L 0.188 A3
FLAEHISN T DZEEAET VU ZIZIVMERR LT (&R TIXBUEA AL BTN DT 0.185 L7255 T
WD), KETITAMBRIRACAKES AL ML T TWEZD, FERAICITRIEY R NG Z & 720
AEPERACRL Y THIENZYEEZ 2 LD, Lo, MERITI T DEIPEY BEAFILE ML DOREE

-16-
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ERDTZDIEEINC LPG WA FEMERIFEN 3R LT=b DO Th D,

BARMIE, Tl b AR S S 0RI4E LPG DA BE D FikE TR, 2 T¥EH
@ LPG ¥ A% 3 U CRIZE LPG ORAEERAAZ RO D, IKIZ, BIZE LPG OIEE LT3 S 355~
WABEREZESL, bELEITTAE, BIEDXBIORN->T-% D LPG & A4E% T HEMBEN, & Fﬂﬁr@
HEA LT LT 5, LIZ3 5T, ZIUHA LPG LA R RALIK T AD FEREN 72 e NERA =3 T REMEL
RWNEHIWTL, RETITHBE] LPG HEEDOKTM~DR %, z%#@&ﬁ%ﬁkaﬂ%%&)\%ﬁ@é}
FHEIZISC T T o7z,

2.5 RAAARBMHEEDHET

2.5.1 RAAR-BRILRARHT X (LNG)

BN BT DRIRA A, AL RIS A (LNG: Liquefied Natural Gas) iM% &1, MERIDIEAEN
—ATHRENTRINTRETET LI 2R L T EROEZ W, MER TIIRIRT A, LNG O
XAENE7RS, RIRAT A% LNG ITHRE L TEED TR ELTWA, 727251, MEROEHA XTI RIRT A&
KiLIN TV,

2.5.2 AR
BRI F3 1T HHL T AW BT B FE O A -,

2.6 TOMORBHEEEDHEE

2.6.1 E%-BEM
DG VTR EHESR ) GRPED, 1996d) 251207 | TEERG-Ffk ), THCHE ) 5P 5 BB L O
BEMNEEEZSI AL,

2.6.2 ALY
AT DHELATDIE, BFIHINLEZHMBNCE EL, &R ((fh) A AR BB EX A Y i
1996) I[Z LD B BIDTHE Sl B A MNeERRIFSE, R/ NUARAT—H, @RS, A v A—D— L
S, SO TR TRIN T, ZNHEFEEH AR L OX IS E LD, #E2 49 176 T tELK 2-6
DRI ERIEE ELT,
H e/ NRIFRA T — T D BEX A ¥ DI B LFE S P D3R E CE e o7zeth, KETIXZOFRIA B
Iz BRI CHLLEL, 2EA [ B ZEHE NG LU, $7, 48 R EEEREE T
AEBFNTH T 203, BLZilE LI FRIE RN N ZEmD, i O =X —HH BEORKEXITHELL
720 BEAAY ORI R REBFIH THHZEND, TOFHIZE BB TR LY —TEE &
(BT D EEL T2,



PEFEAR L DBRIEAM I HNL T —4#7 2 (3EID)

# 2-6 BRIHEZHIELIZBES A Vi &

LA AV T
t
TR - RO 26,000
BAY Fa—T 32,000
EAR 275,000
S| 5,590
$iy- HEER (F AR 10,568
TNR=0 A (EHA) 14,823
ZOMMOIEERA R4 6,020
HERE 126,000
At 496,000

2.6.3 —REEY
— % BRI O BER BT SCEE (BREEST, 2000a) 25 [ BEFEMALER (N B 1P 45 3,949 /7 t &7
EL7,

2.6.4 EXEEY

PESEFETEM) 1 XA PEE CHURS LTV DG B EL, ARG f 2 FE BT O BEH 25T -7
HZENEFEL, LvL, #9400 585358 CHERT rTREZR BEZEFEFTEM I Z B 3 2 HE R A EE i ST
&, PEFHBIE CIIPEEREIEY IR T 57 77 48T 4 — 130 BES, TBEIEWILEE (GEXE) | IR
SITWDIEMND, AFIT LM~ SCHRIE (BR 57, 2000a) L4 969 17 t &t EL7z,
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3 EEET R KRR R EOHERT

$38 ERTIFLY—HR KRBHAN SO

AREETITER 2 B CHERHLFUREHH B B L O RER I AT B A OFEAEPRE B EL, A1
T DIEAZA R = BB LR RER BT AT B2 KD D,

3.1 BMHFSERDKE

FHBPI TIHBE SN CODFUREHED ZIZ T T AT v/ DJFERE, IRBELSL O BRI TS TV
bONDHDH, =RNF—{HE DT 0 —2 LB LSRR T DI20E, ZOFEHNROMHE B iRl , K
FEANZBEFE EL CORBE S 2 it LT DR BN DD, T, REHEDOZIIMEICE DR, TOWMEOH
BHKEND, FIZIT, FUMASHRMLCE S REN, TR ba—2 ZA0MEb S, ZheTTb
F—EIRLIESZ 8T DL, BB =T —{HE BZRODGE, BASHNIIRBES N OIREL
LZDOBAREL, TRV — AR OB ISR TS LA RREL 2T UTRBIR,

AETIIAEPNI T OMEHEE BITHL, AMFGRERETHILT, ZOMBITHISLT, Aff
FHRITEEELL TL1E2 R, =L —ili i, SR HLSh OB EZ LDl TIX 025
Al =77, HEEHRT I TITRIH B BB R B eilich TIsY, ZhBDEN A G- 2w
ETDHIELARETHD, LL, WIEMGETSFLPESEHBAR EOE MO X IEBIMR, MG O R
DRED D, AT P EREHER | R RENEDH LA T H-RERDLILTHLNEE R, 0
FF 1 252D FEE G, LUMICAR 7 5-55% 0 (SR E LTCER P SRR 2 ik 2.

3.1.1 THRILX—Exi A

TRAX—HEHEE 2, A A 5-5% 0 LLTC P SR BHEZ 3% 3-1 17, TA ML Pz s
2 JE I AR SO 2 O I L RS HURBES VD, E7, T RS PR 361 DU R T R
Btga—7 AU TRHIHASI, SOOI A TH 2 COG ITRIIEAEESIND, WU, Mi%BFH DI
BLOFEEHRO A F 554 0 L3 ELT,

AT A% JFREHFED — 2> LU TR EL QWA [ERTA A I — B ASIL, #iiAEL T
L EB P~ AR SN D FIREHEIZ DWW CH AR 584 0 L LT=,

# 3-1 TRF—ER L L CTRATE 504 5E LI P LR e

VHEH SRR FH &
PERE I TG T B~
R B, JEURHER T — 7 AL
HHTH A JUREBR TN AL — 7 AT
R H A LNG* KSR H A ER T I A~
AT A A F7Y T A AT
A2 LPG BT A A
FRHT A A COG ER T I A~




PEFER L DBRIEAM R HNL T —4#7 2 (3EID)

3.1.2 [FHA
FT7YPR LPG O—FI T TAF 70T =T I E O LR E R U CRI IS D, AETIE, #£
32 IORTERFNCRBIT D FIRENE IR ChHDH L, AMES-3%2 0 LLT-,

# 3-2 R &L TRATH G- a i & LT EBF &R

W SRR Ha
TE=T F7H (LT S Rk
{bE Rkt F7H == hry e
T AL R R R F7H (A= e e
A b AR LPG (b8 S JECRE
IR bR E L F7 {25 R
JIE i 7 Rl 4 F7H (A= e
g Y F7H {8 Uk
Bk F7H (A= e
AR HHE F7H (b2 S JECRE
TSN T8 5 F74 b2 Uk
e F7H (== e
ARG F7H {22 EUR
ZOMOFRE L TR F7H == e

3.2 IRILF—HEEDHE

3.2.1 FEAAHEEIZKDITRILT—HEEE
TR —JF AL I TEEE ) PN G S b a BN LD =X —HE LA T =7
WATHIOEAEICEY, BIHE I =X —HE &L THESND, oL, FEERIREIIHEIC
PO = RNF —{HE EA RO DAY, IEANTENCLD= RN — MG 2 AT 20N HD,
ARETIIEA S5, K- ZOMOREICLHIEEE &2 0 B HEERRIDZINE I, 254,726
X 10°kWh, 80,116 X 10°kWh %2 HIL TEF L7,

3.2.2 BRI TRILX—HEHEE
B i IS DIERER k OWSE B m [CATEER r R UL O, HATHT=0 OREE: q A HNT
BT hiy DRFIAER | OB L — & h &L=,

hi :zhi,k :zqkri,kmi,k (3-1)
k k

ARETIIRBE o355 3-3 1R T AL EE (HHV : Higher Heating Value) TOfiiA iV -, BAEDH
AL L THERNBZ ISV TE T2 cal AL SIHALRICHEL T2 ) (22— W) FEKFLIC R Db DAL T,
— B L OEEFEIY ORI, =X —L L TOR MG A MBI HEG T D2 REECTH 77
0, AETIIINODOPEL EHET X —HEEITITED TR,

7B, KN FEBICELDE AR O BHFI1 860kcal/kWh % VTV D, FE BRI ABE R — 2 (K
J158 ) DFEE: (1] 213 2150kcal/kWh) 23 ii L7355 OJF BN A B 352 L1, JRENLO Rk EHE
BIOWNREFIATHZECIVEDATZ D,
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3 EEET R KRR R EOHERT

% 3-3 JFUARBHREL A )BT DO SRR

TR SEENE (1cal=4.18605J) BN E
x10"kcal x10GJ

JRUEHB 0.6904 2.89 It
— e+ iR - S 0.6354 2.66 /t
a—J2 0.7191 301 1t
a— 7 ZIFJ A (COG) 0.5041 2.11 /1000Nm®
B HEH A (BFG) 0.0815 0.34 /1000NmM®
27 4 A (LDG) 0.2009 0.84 /1000NmM®
JUiR 0.9126 3.82 /kl
AT 0.9341 3.91 /kl
B-CH i 0.9962 417 Ikl
KT 0.8767 3.67 /kl
H3Hy 0.9126 3.82 /kl
FESE T 0.8266 3.46 [kl
ESAN S S8 0.8767 3.67 Ik
S 0.8146 3.41 /Kl
FMRIRALAKFEH A 1.0726 4.49 /1000NmM®
AL K 1.0105 4.23 [kl
FAilm—r 0.8504 356 /t
WAL AW A (LPG) 1.1992 5.02 It
KIXH AILNG 1.3019 5.45 [t
AT A 0.9818 4.11 /1000NmM®
B Rk 0.3010 1.26 [Hadit
BERE 0.3989 1.67 /Haizt
B A 0.81 3.39 /t
—fpETEs® 0.21 0.88 ft
PE S pETEY” 0.30 1.26 It
JR- 1% 86 360 /10°kWh
K% DI E 86 360 /10°%kWh
51 H SRk

1 (fh) BAASHEY AV, 1996
2 BAHE T-FHA US4, 1996
HEF] EIET RLF—F, 2001

3.3 CO, Hri EDHEET

3.3.1 CO, BriRHADEETE

CO; [EULHATATIIEERHE ThY, — AR K L TR BLIR CihDHZEND, COp HEHBEDHERHI
(3-2) DISZAHEM D JFRBHER O = /L8 — I B4 2 O COp PRIHEREZ FRL T T o7z, EBIL,
AETITIMEAREHEIRE L TEA MGE DI B D AR AR CO HEH EE BB LT,

D, = z fkhi,k (3-2)
k

2T, DIEERM i DR CO PR, fi  REL K IZBITD CO BEHIGRER, hij 1T i (31T 288} K
(2T 2R —H R & (AIKADSEI IR COWHEE) Thd, K 3-4 (THEFHT A SRR
il COp PEHIWREZ /N T, 72721, /S AA~ ZAROBEF CHHEIURI IS LOBEM IO T CO, HEHAR
525600, FEMOPEHEELTEE EL2v, £, BEEMOPEIRENT A4~ 2R BEFEY)
MEOHE BEAER - fEE VT,

AFTELLTHWBRED TR E RN AP BRE T IR (RETR) 1285 CO, PEHIRRE (BREE

21-
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JT, 2000b) 1%, BUAIZiE> CHRELZEA BN EOPEHREE LB, RS TZVORED ST
W5, LU, HEHREICTR B Bl 7/2 b= L — & &5 U CHRH B W E 325G, SERILRE
YT NDORFAEL T RNX —IEEBEOHEEHI AW REE L OMEA R T 20N D, ZDT-0,
FERMEE = RN T RIZLDIEENEDE VA IE T DR (FIELRE) 23 52 HALTERY, =3 37RK )b
FNF—HEEAHEEL T CO Pl EAROHILTED,
— 7, RETITFREIORED L A WESN I =1 N\THRK (BRTR/VX—)T, 2001) 755 L
TWDTeD, BITHEREE R UL TIE, RETSOHRREEAHEE NI BT =L X — K B L
DEEE MR TN &N,

AED CO, PRI =Bt 2 DO P HEREORET 2 OMIEFREL X
(=373 (2001) DUGESNI-FEBNE - TERD TR TROFEEE)

DI THILLT= CO, HEHREE FV V=, 7235, #1005 FILF BEHEREIT SV Tl HERHRILAS 14
AR CE RN I BB > TR,

& 3-4 JUREHREE CO, PR SR

BRI 44 CO,PEH %L 3
t-C/10'kcal Mg-CO,/10GJ (1cal=4.18605J)
JORER 1.045 0.915
— B TR - AR 1.015 0.889
e 1.231 1.078
a—7 RYFH A (COG) 0.462 0.405
&R A (BFG) 1.231 1.078 =—2 AL [FfE
4 A A (LDG) 1.231 1.078 =—Z AL
JEiH 0.792 0.693
AT 0.809 0.709
BE M- CHEIH 0.812 0.711
KT 0.779 0.682
7 0.790 0.692
&I 0.761 0.667
¥y N EHI 0.760 0.666
F74 0.747 0.654
AR IRAC KSR AT A 0.519 0.455
%<& ik 0.880 0.771
il —r 2 1.061 0.930
At A A (LPG) 0.688 0.603
KIRH A LNG 0.585 0.512
ETIH A 0.597 0.523
ENEES 1.075 0.942 PEHI R E DA
BEp® 0.879 0.770 HEHEIZE DR
pesAv? 0.913 0.800 3 i /il A2 Ffh
—JRBET (FE (A~ 2 %R) D 0.344 (1.025)  0.302 (0.898) ()i AAVRAREGTHA
PESBETEY) (A A~ 2F) D 1.010 (1.696)  0.884 (1.485) ()IF \AFA~AREETHA
KA 0.120 0.440 1td7=0 OYEH &
ST STHK
1 AfED, 1998 5 B2 4%T, 2000a
2 BREET, 1992 6 VTED, 1997
35AD, 2001 IEFN BRETST, 2000b

4 (f1) B AR BB BX A YW, 1996
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3.3.2 AIRA

MBI K AT (CaCOs) THE BB HEISIN CODHS, ZAUIRIH T EDE DS CO, ZHEH L7220
FIKRFATERE BT ENTNDTD, D CO HRIC T 5T 2EB 2 bNOHE EZ S I LT,

BREH, LA N, ATARGEE TSNS AKATE CO, 2895, AKX (Ca(OH),), AKX
(Ca0) DAEFICE T D4 KA CO HEHEIR Th D, FEFEERER CIXIHA KB IOV EAIKIZ T Z DM
223 BN EPCE F, ZOMPNEROEEM OEA TR ThLT-0, WMAIK, AaRDA R
SN AR AN B BT 58, ERITIFNLEWEEL TORWEMICETHITINC LD
W N RIN R ST EDR SRS ND, LToid> T, RETITIHAIK, EAIKEHE LTZEI~, ZO1HE &
(B AR A A PE R B, EEOIIE AR, AAIRAERERM CAUAHEHBSHE T CA UL
IR T IEE R AU, AR B L ONHA K TEE B0 O Y A KA TR B~ ORI X

FEY A KAV = A KT B X A PR 5185 (100) + A A K 45152 (56)
FEY A KAV B= YA KT e X A PR A 518 (100) —VHA K55 18 (T4)
AW To7,

SRERBA AP DA KA, AKX, A KIEE &38Rt o5 L, T8k, [7oa7 a1, DHH
(#21F) |, HLER (FESUF) 1R ~FF E LTz, B AV NHAIRA X TIE3EEE | (BJR= /L —JT, 1999)
POEIHLIRA P ~, 77 A 85E I 2@ HEE ) GEEA, 1996e) 220 AT T A 224>
TR ~EE ELTo, B2E, (LT3, %, BE, ETAKETHERINOEAK, AAKIZBET5
THE B AR R R A @hn) | GRPER, 1996F) MDHERHLT-, Bk H@USAADOEEIEE 3-5 1Tk
N HEFHBIR EO T xHIA &0, R RO HEE X2 O Mo 283 AT | P26 ek B
FH~DFEHERD RESITHESTRL T LT,

# 35 AAJK - THAIK R E ESEHBIRABIT L ORI

IR AR e B d ] | OB A A KA T RN ST pE S B 2 i
FEA K A K & t Hla—R EES
{LZTEH  H—AFH 772,240 202909 DD EERE(L S TR,
AR —4 H 1,541,399 202101 Y—X T3
e L7 H 317,088 181101 /L
ik~ %27 646,861 272203 JEHk& R T IEAL
Ve a=yE| 148,261 204101 EvE LPERIR
DML FH 415,831 204101 EE LPERR
e 9| 1EE A 59,267 411101 M- HsEgE Y
R 27— 342,839 ~ H % - ERERE Y
R AL 1,058,122 413209 7% - £EELRGHI )
BEM Ak A 381,410 201102 {bF ekt
=2 9] 12,163 207401 3%
ZDfh Pl it V| 49,629 272203 I B HEIEH
EIqINpE! 35,651 62101 ZE3EF R
bokiEH 71,468 521101 /K3 - i 5 K3E
TKE A 227,308 521103 F/KiE %%
ANERG I 1,120,193 511101 FEMHES
Z O 559,031 900000 4>%EAHA

1 T2 DOMOZEZETAEM 2 05% L F M ~OFEH O R ES TR 5y
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3.3.3 AT OERIZEIFTEIDAT—RIRILE—FIAIZHES CO. B DEES

AT A (BFG) 1d=— 27 A% —{b ks (CO) ~fbat, B {b#koiE e AL L CTRHIFLIZ RO ARK
Ji CO RS D COy & LT HHATHD, 20 CO ZMREESHE, U0 ELE/2 8 D T TEDEEF]
HALTW5, 372bh, a—7 2O HROEVE Z BRI (DA —RFIH) LTHhAD THDH, =r/L¥ —
DAR—RHRIZLED CO, DHEIE, DR FIEN B E/2D,

AT ATTFEENE DS NS |, 3 — 7 ARJRO RSB D Ky G e, EESOFM TIXIEFIZHmW
CO, HEHIFREE o, F7e, AT A (LDG) HERIFIZIRBWT, SROARHIY), FHIRFE D Guida—rR) &
FRALESIZIVBRE LT D COR COEEFTeHATHY, @A AL R I —2 AR KD EE H A —
REALIZH DT, FEEIT NESSHEHERE B\, LT23 o T, @A ASCHRIF AT A% R 953 P9 C
1%, BAOMEREITDZRNICHEDL T CO, OHEFHENEL</2D, K 3-1 1X&EH((fh) B ARSI 2,
1993) | ZHASXFEH HERR L7 SREHBTET I B8 1T A= p V¥ — L IR B BEONE RLIZH D THHA,
JFUBHR D RS % 100 58, BERORBE TG4 2% Z <RI T O R FE 1L 60 L7V,
TRV —{HE &N 32 &/NEW (JFUBHR OFF D= /LX — &% 100),, W12, BFG Z384E 75 188k 13
(ZFY 95 TAE T, IREBEEDAIRA AL EED T 34, BIAETAOFRAEZEH T, TRV —HE
B8 59 L7p0, BIAH ADFEATRFH LT B ERPN R B B BEH - DR FEITH 3.3 [F0E VLD
%R

THLTZ D, RETIL, IR ADIHE I D CO, HEH A, FERAAUZIEDPEH &
RESTII L, =RV —{HEDORESITEHNZEN Y T, =X —IHEDORKEST CO, ZE5y
THIEILEST, AK, BAOMERSN BRI THL), U TROF b, FIAET A% A3 258E DM
2 CO, PR B2 REGHEIAIZLEHREL, Juak, 2— 7 ADRFMSI D EELZFIA BEHNO—2>THD
(G ) TR ~BBIAZ CO PEM BA R HZ N TED,

HARRIZIE, 23— AZEE T HH P TIL, 2— 27 ARBEICED CO, F84: EA Ui ~2Cak EL,
T AR L ORI A% A HE PRV, TORAEBEITH YT 5 COy BAEREELFIV-,
TOLE, B AB IO AL, EEROMBICHESL CO, PEHER%L (Et7 7 2 :3.16t-C/10 keal, i
JFiH %:2.06 t-C/10'keal) ((£1) B ASREMH S, 1993) 2V $, =t—27 2L [FU 1.23t-C/10'keal % W\ T,
ZIBRIVETADFAEEEICFETU T, Z2LFIK CO, ZH ML (TN ATBFG 384 ), LDG J4:) L TIK
53) o [FBRIS, FEIF AT A H)E 27 A VS B P ClITE B B e = — 7 AL [AI CHE R B D CO HEH AR E
L7z (ZETBFG 1% 1, TLDG % LX5).,
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3.4 BEERERISD NO,, SO,, SPM HHEEDHEET

OOETIEEE I AT HD NOy, SO, BETN SPM OHEHIZRIL TIIHEHBL LR ESN TS, il
FHEEE PR NOy /N—F—DFIH, i ECEUAME R E NS DFEE TRESN TN, THHDK
KI5 E A ARBE OB AT AT 273, PRI INHIE AT O TR D A3 PE PR BE MR T4
725728, PEHBEOHEFHT CO, DINTREMES LOHEHREE 5.2 5720 Tl HoTidren,

ARETIE, EELTCREKIGEEPEE BB A THA (MAP F84) 0 Fhifks Fon o 5 S 7 JFR BRI,
SERER, JFRERIHE R SR ((BF) = ZE &AFZERT, 2000, H AT FFHRRE4E, 1996) & [E &5 AEJRIC
B9 D HEHER S E L CRI R LTz, ZNDOREITHO A E DAY, ik, AR O E R M7
EREIZITV MIETH D,

F7o, BERADD OO RZIGYE OPHI I LARE RO Db 65, BIZIX, $kA7T7y T
728 DOYRIRICFI AT HBEUF Tl —~/L NOYRAL, JEELE B RS TR CIIER 258541
TR DR T SO AET D, AETIE, THLTATH YW E A OPE R _ou\f%%r@
L CHERH & T T2,

3.4.1 BEIEFELERICEY HHHFRR
[ FE PR IS T DIRBHE B B D RRTG S E O P B, B D = L & — T 2 B[]
FEFAEPUC B D PR E R C TR T2,

Pik = fi,’khi,k (3-3)

ZZT, pik IR IR DIRE K IS I D REIG U E PR, 3 I XE T i 12 AR K I2BE %
kﬁ?ﬁi@%%ﬁkﬂﬂﬁi&, hig lF= T —HE ETHD,

W, BEERAIIC T USRI DOV ER T IS DUV T IS5, MAP F# 3RS YL 1k
TEF 2 5 2 THCTHUES NI MR VB A 7% | A 7% 85 TIBHm RSOk FEXFEEBLI O A
FERICHES IR \iﬂf%’éém FLILERZAEIC X ES DRk a Ete) , FEIROSEEIZ LS
THIRI ORI GESIN TOVDliE & B Ee AT 202,000 g A3 5 b7e-> T,

MAP FRASIZ 31T HIREHE 32 4 i”é 75 3EFd, 159 SRR REHEE 8L NOy, SOy, XV UAHEH &%
LIRS, TNENOPHREEFIRLL, FE3H BRI DR 2 B T2, PE
SEEBAFRITAY 400 HPINFTHLI-0, FHMIZIBT DRI OB iEE: — D DOIFFEICHINS 5L
DL, OFY, WO CRBESIREREE BN, PEEEBAR NI ORENEE &L L TEE EX
NTNDBEEZDLNDLZEND, BEOIF & LT AE 2 PE R 5 E K, PESH IR OE R &t
JESEDTENNIELR D, ST U PEHFR S S U CEERE, REHRERINCLL T 2 @035 2 Hid,

O BT DI LI 2B D IF 2 PR T ORI I D 4Pk HER R
@ BEEWILELNBT D AR & TORIZRE§ o FAPE AR GE BRI 2 & Te)

INBITPEZEERAR O A I E FFNCBI T 5 BN & EOHEFH T 1AL - C, dnS D8RR
B FI2 D, PEZEHPEARIIT 77 AT 4 — I S<H DT TH LI B FZ I EPMNLEFIE L TRk
HITWD, L7203~ T, BN DR EREE YD, BFEIEREL Tl SN iHE &2 0L,
[BFHRE MR ET 20 ERHD, LNL—FH T, av=Rb—a VAT LNEOEANEZERZLELT,
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33 EHET R —NE - KRB AR RO

Z DTN —{HE RO 2 FEENZT T, BFEMA~DOEFW G TIT OV THBELRT TR

SYA AN

AFIZBI =R X —HEROHEH TIY, AFEBICHE Lo NF —2 2 TREMIRESES
TRNTROTFNFX—{HE B IERELT DL, HFEBICHETL =X —HEREOK 6 FIRTAHFE
FEFR BT ~, #9 4 FINBAGFELEL THHMIImEL TWD, 370bb, BRI SR ERNE

BO— R EAEPEETN M~ EL 5720

, RETIXOFEEM RIS T DI 2 FR< 2 TOIFIZ B

T oI AR GE BRI A5 1) 238 IRL, =L —{HE BIRC THHHBEEHER I LT, 72720,

IRBEIF 2R E CTEH LM UTL?‘:
BRBTT R ((BR) =256

BV T DO PR A Y T3 T,
JEHT, 2000) (ZRCHDIREIEAREIZIS T DIFIRE 2 3-6 DI

2l FARRNIZALFT— ﬁéﬁf_o JEBHR 33 O b « LR » MM R 213 i D BE IR 5 A % i
1, LNG+ RIKH AIZIT LNG, RAVKZE T Z Dokl (EEH), Ala—27 2B L OFEZA A
YIIEE DO FEARREE RS, FEKTIRBICL D= X — ST R SR 52 72008,

NO, [EAH DIAIR CTHH BRI L DEIINE I

TEN O RS E G2 T, Fe, @ a—2200%

D NO D FEANI @I AN Y THZEDSHEHFREIT 0 £ LT,

# 3-6 BREITHE

FEATZRBIT DB DS

KEITBT DIRIRER S EOFURE

JFURHR £ R

— AR+ R - AL IR
a—J A a—J A
EFHa—s A PEHIFREZ 0123 & (BFGIZHIV Y O)
a— 7 4R A A (COG) I—J RIFITA
A A (BFG) AT A
izt 72 (LDG) R fF AT A
JEH JECH
A AFEH
B-CHih BE - CE L (INE 1)
KT 3 KT i
2 3]
e T eS|
DZESAN S SR DESAN S N
F7Y F7
AR RALAKTE AT A AR RAGAK R A A
RALIKSE ZOMOWE AR (B )
A —o A DD E AR
LA MA A (LPG) RALA WA A (LPG)
RKIRATALNG LNG
T A A FRTHTAA
[RI R [EIEVE-NT
BERF BErt
BEXAY Z DD ARPRE
— R BEZEY) —RXBEZEY)
JRA- TR E -
KATF DM 3E -
EXIFTHEE T B
& JEILA & JBILA
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3.4.2 ERFHENHEES

IR DBIERFTOAR Y 7 7 70 E OFFRICFIH T HBEUA X EIRIC R DTN DR OB FE AL,
P—</L NOy ZHAESTED, LIzhio T, AETILIEF OB IEELITRNT NO DFAREL TEZUA
MBI BAHER LT, XIREUTZEBAUF B TH R P T RN BB RUF ORI A 2335 T
P (BB 1 ERFY, A4 HBEIFD IS D7 27 aA J 5, s B l— AR HESFOIZD
D R L7 TR TP Ch D, o, GROBMEREIZEIAHHL Q0D BB B RLEIZFE Y 3

DEBFIZ DWW THEIHE EA T ELT-,

RARBEE PR AN E B EITER 3-7 DI ER LG TIT RS> TVER,
ARETIIERBE AR AL, THSH (FEXUT) JEFIC 15,617 X 10°kWh, 7 =7 B4 J#iZ 2,330
X 10°%kWh ZZn gt ELTz, $72, 2O B TR IR 2B i as, b
TR GRPER, 19960) KDL 7 LA — AR R OV IR ZE 22U 2 3L 72 902 X 10°%KWh &L
77

K 3-7 BRENZEIZPE9 28U I FE ) 1HE OFua R gk

FEiEE2 R FRImw AT
10°kWh 10°kWh
L (B2 =UF) 10,016 15,617
EA=ya=¥{ 2,363 2,330
ot 12,379 17,947

H B LSRR S350 D NO DR AEIZEE 59 5B/ 1THE BITARMEH LI HTHZENTER
molz, 22T, MAP JEIZRITZ BB HREREEO & RSN ENTHE &2 552, MERIC
FLHOFEEHABHEAFREBICIDENHEEBLORHD T%EEKFHELL TG EL-, BEIH
ROERHEC P LHER L= BBRUF B/ NE R BA % 3-8 1T,

# 3-8 HENEALEEINCH TS NO AT+ 5E e &

4 IR E
10°kWh

EIEED 170
"I« R Z DD [ B 50
i B By 10
EEDENRLN 51
B EH AR RS - [R5 40 i 267
B B 442
ot 990

3.4.3 ERIBHEE

BRI, FERRE B IRV E EATERY, @RS SO, LU THEHS D, SILAERD
SO ITMIFNTRAET D, Ml D S 53D 90%IFa—7 AR THY, TDH 85%~90%ILmlFTATS
(CRINSHL, D&, A NFEERCH AR S ICRIHENS (H AR 2, 2000) . A EEIHD SO, %
B ASE ENHTEND, AE TR 52, %O){E%E%ﬁjribfﬁﬁl’)flo

Pk BILA ORI I N, RIS TVD23, SO, EL TRAHICHHEHEND, EEEHRIR T
SR BFEEE MY 3000, T8, Tin-Hdn B HE) ), [TA=v A (@hedt) |, TTotho
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3 EEET R KRR R EOHERT

G R | THDH, AETIITNAI=U AL, ZORBIVFETNI=U A THALZE, [ZOMOIE
BB ) B DOIESR BB OIRA I THY, HE BEOHEIDBNEETHLI LG, T8l FBL O Eh- #hidh
(B AR JEPNC O H I ATHE A G B LT, THE S 3B E 5 (B — L — 7, 1999) Jh# 3-9
R EMEA L, T8 P A~ — 2T 1,724 X 10, T80~ #ign (B FAR) 1S PIA38REE, Hiensh
DEEF1,211X10°% LLT-,

# 39 HEBREEEEEMN BT L& mIla N &

ETER AR AT
1000t-Hi 4> 1000t-Hh 4> 1000t-Hi 4>
EERENR) 1,216 223 660
LN 380 70 112
TERE 127 30 116
4t 1,724 323 888

3.4.4 HREDTEE

SPM DIELABREHEIROPEH E L CEZEICB I DI HEXIC LD RARE BB LI, FREXITEL A
BEZRERESILTORNIEND, HEHRED E Y SPM OEERATR TdhD, 1995 BT AR5, b
HHBERIRAE R (EAMKPER, 2001) 2353 3-10 DIINTRE LT, ZNHDEREXIZEDOOEICE
1% SPM HEHRE RN IES N2 o T2728, KE DA HEW) - OB FEX I LA HE RS 7.71kglt
(USEPA, 2000) Z{%FHL C SPM 84 BAHEE LT,

7 3-10 FHDDbABHLOPEANR

SR BEA =
t t
[iEel2) 10,850,883 536,908
bHID 2,431,108 528,290

3.5 BBRLERMSD NO,, SO, SPM BEHE DI

AETIIBERAEPISE LT 23AEWRELT, BB, ffin, P, M2, FEEemn, dEadimz
MRELUTC, LUFICHAERT LICHRHEOHER T ik2 R ~5,

3.5.1 BEIEM MOHEHE

B AR O THRIC BB LOHEH EII R EL, 20 E BRI IO THETHD, L)
L, REMER THEHEDWRED CO, <0 SO, L H72D) NO,X° SPM OHEHEDHEFHIAR S TldZew, #ilx
1E, TA—BVETIEEICINERZ SPM HEHHEN SN L7280, ‘E%@?ﬁ%&wﬂ FTROLETSR
PEIZE>T SPM OPEH BT A2 D, NOS° SPM DOHEHEAREEE S <HERH 2720120, FEEEDOEIT IR
AR TRTA=LZE, ZAUTHHIS U RS LB Ch D, AETIXSE TR ((Hi) PR AT SRR,

-29-



PEFER L DBRIEAM R HNL T —4#7 2 (3EID)

1998) & [RIERIZ BRI R B O 1 TRREE L HE AR SR IV C, BEIBEROPEH B2 #4651 L7-, BE)
HZEET 2 NO, B LY SPM HEH EHEGF O 7 o —%[X] 3-2 |T/R T,

-------------- { HYE-F4—€ L E-LPGE J

‘ BERE-RAE-BENE- N EENE :
BREME SR BEARE |

| v v v

; | ommz@toyz || HommmsseHEs

i v

v | mmmgEmsceas o) | | wansmssites
B 7 ) #5485 2 0 !
NO,, SPM# i & 3 (g/km) v

HHE R PR E 5
< FEATERE (km)

A 4

HYIYUEMSDNO,, SPMEEHE

EREHEBEETHHMANES

T14—ELENSONO,, SPMBHE EHEBEETREMAARS

LPGEABONO,, SPMEEHE LPGHEETEMM~ES

3-2 HEHEEFEO NO B L SPM JEHH EDOHEEF 71—

T, IEEEAE A (1997 AR y) (R, 1998) 12 A E AR - - H K H Bl AR 12 IFfE
RSB B L OVBARND, 24 FEE 70 O VYR B EAZ R L, T ORRIE BRI - 1R s
v — 7 IR B A LA T U C, TR - 2 HAK B BB RS GEE RH LTz, SOIC, BRI - 1hE
R - S EEAEEE R« RMERE A TR FE R R A Fe U D 28 C, TE SRR < S LIRS B 4K B BIC B
BIAEATEF A RO, AFRIKHEUS, BRESQ BIZERFELE BRI A2 B EICANT 77 BEL, F
T AR - R IR - BRI B TR AR E LTz,

I, —OER B L OEEE OB ERA, 3km/h LI 5km/h i (3~5km/h), 5~10 km/h, 10~
15km/h, 15~25km/h, 25~40km/h, 40~60km/h, 60~80km/h |ZX43 7=, F7=, B E T ADT
— 2%, EYHFELERENRXBSITODD, KETITEEEOEITET — X5 BEWHITHAIAL T,
R A, SR, SR, g, VY (R ), SR, FREAHRE O 7 BEREICRAL
770

WA ADT — X I E FEBRUEK DT —Z DB T, #MEREDT — 2T E&En TV e
728, PEHRRER OB AW ETRITERASE P AR RENFC K 9 FHE O H BhEE sk
Meat GElg, 1999) DEZE AV =, ZORE, B E AL BB BRSO ETBOZET T T
MO EITETHY, MEIE TOEITIEL 15~25km/h THHEEL T, EIEEFER] < 2 ] - B
EATREXFBED 15~25km/h (THAAATS, SHIZ, EHEFER - 3 - SRR A T A n o EHE K e
—OEREE AL T, BES EOREITREIC T2 E R COEATROEGEH L, |- H
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3 EEET R KRR R EOHERT

WRIEITEIG 2R T2, 3 3-11 [ B« O E TR A O IR R E =,

# 3-11 A By HO HAR ] R EATEE

RSy WEEHRIEITEI S (%)
R EE I (km/h)

3~5  5~10 10~15 15~25 25~40 40~60 60~80
SR FH A 0.0 0.3 15 115 40.2 418 47
R FH A 0.1 0.3 1.0 30.0 28.1 295 11.0
B 0.0 0.2 0.9 43.9 255 265 2.9
R (] % ) 0.1 0.3 10 33.0 24.9 26.2 145
Regiilce/L 0.1 0.2 0.7 48.4 16.8 17.8 16.0
IR 0.1 0.3 12 143 308 32.6 20.7
PR IR 0.1 0.2 08 39.6 19.9 211 18.1

BURRR R EATEI A DU BEOHEE TR D IHNTAT T, PEXERLFICAER DR 7 4F
FE H Bh S A G, 1997) 128175 A FHB L OVE EH O HREBIRE D2 O ¥ EE R,
THERERE LR E LT, 7, ROTRE LK FFERI O VY, i, LPG DORREHEE &) 5 Hifl
BI - BREHE RO EATIRRER B L, PREHERI O E1TEIG 2 ED T, BOIIIREHEREITEIA DD,
K 7 AR B B B DS R H SRR S I QD BERER O AT TERBEZ 77V, #8h, LPG @ 3 FEIZ/yEIL
2o ZOEEIZIY, B EhERSHERO SRR AT TIRRE (72721, — o FMOETIEHLE Ty
720 ZREHERIIZ X 5§ AN TES,

RO T JRBIFR | A1 D =1 TR SRR R B ETTHIA I E > TolidL, #& 3-12~3-14 |TR
TR - B SR SR O A TREEEZ BT L7,

# 312 T 4— BV EU B % HEAR A A AR TR

Fp—PLTE R A ) A=A T BEE (10°Kkm)
FREX Sy o EE S (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80 &t
9% 3fe FH H 0 0 0 0 0 0 0 0
FEHHE 49 193 773 22,315 20,897 21,927 8,209 74,363
RS 0 0 0 0 0 0 0 0
/NS ) H (15 H) 53 163 620 20,452 15467 16,267 9,005 62,027
SRl LN 69 162 552 37,826 13,106 13,903 12,518 78,135
ISR 7 22 80 966 2,086 2,204 1,403 6,768
R R 16 39 133 6,431 3,235 3,431 2,939 16,224

3 3-13 VU B2 sA R B B A T

HYY R FE A 1) A 47 B (10°Kkm)
HAEX Sy Ak (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80 &t

[ZS e 19 129 578 4523 15820 16,472 1,846 39,386
P E 208 810 3246 93,735 87,778 92,102 34,481 312,359
R 26 177 800 37,114 21547 22,420 2,451 84,534
/NS ) B4 %5 B) 22 68 259 8,539 6,458 6,792 3,760 25,897
By 0 1 2 151 52 55 50 311
IRA 0 0 0 0 0 0 0 0
R R 0 0 0 0 0 0 0 0
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# 3-14 LPG HLIZRE92 Bl e A i1 B 1 TR

LPGH R IR A T R (10%m)
HFEX Sy 3 (kmih)
3~5 5~10 10~15 15~25 25~40 40~60 60~80 At
TR 0 0 0 0 0 0 0 0
Fe 13 53 211 6,085 5,699 5,979 2,239 20,279
RS 0 0 0 0 0 0 0 0
/NS B (157K ) 0 0 0 0 0 0 0 0
i A 0 0 0 0 0 0 0 0
IRA 0 0 0 0 0 0 0 0
AR R 0 0 0 0 0 0 0 0

IBIT, ZIE O EAT RERE N B - R B HE AR B A S U CHE 2 SR 7o, RETHWE
NO (ZBE32 s i BE Il B E AR ((BK) BP A SAFFEaT, 1998, (BF) 05T, 1991) 2% 3-15~
3-17 12, SPM (ZEA3 28k HARE ((BR) Br i S 9E0T, 1998) 3% 3-18~3-19 [T/, 72721, SPM (2
DWTIAVIC B LPG Y, 74— B/VHIZHAT, ZOBREHREEIC L2 % 513D TIEL,
FIH RN HE AR A R E T D281 T — XD EN DN EE Ch o770, kI LS T
EMEOPEHRER (BRELDIT, 1997) 2 W TR LT,

OV HEH B2 PEE BRI T DB ~FID Y THT, T T Sl B2 3 E LT, Bl
FEHNNT A BINT I T D8 H R I GE S 003, ZNE R ICRE T D2 ST HEL o od il
RN, B HEBLONRITELIL, WTFNrO—2oOFEEH T 2LRELT, KO- &%
YT AREHE B RO KRES TR Y LTz, LTE3->C, HEAINCE 3-20 (R 3 Bl A = R /LF —
THEBEHT-VD NO I LU SPM HEHGREZERRL, 2 &l TEEMICR T A & R T-,

SO DWW TIIAIREHE DR 85 5 A ) D SO, ~HE L THEHIIR A R EL, =X —HE B D
P EA RO T, fiiiH A BOEBMEE BB L TROTIBEHER] SO, HEHITREL (A iE R, 2000, (KF)
Pafin =, 2000) 2% 3-21 \TR T,

#3156 74— BV I 20 NO, HEHIAR S

F 4—B /L TR B INO, BF R (g/km)
HLFE X 43 6 35k (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80
TR H - - - - - - -
FEHE 0.86 0.86 0.52 0.35 0.26 0.25 0.28
Y - - - - - - -
/NS ) B (15 7 EE) 3.79 3.79 3.79 2.85 1.96 1.39 155
TEEY 7.90 7.90 7.90 5.98 4.16 3.01 3.30
IRA 11.67 11.67 11.67 8.87 6.22 455 5.02
R R R 8.33 8.33 8.33 6.36 450 3.30 3.59
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7% 3-16 BV HZEET B A NO, HEHIFR %L

HI TR Z IR BINO, PEHFE %K (g/km)
B Sy A (km/h)
3~5 5~10 10~15 15~25 25~40 40~60 60~80
B E 0.21 0.21 0.21 0.20 0.20 0.22 0.26
P 0.36 0.36 0.24 0.18 0.14 0.14 0.17
BRI H 0.89 0.89 0.89 0.83 0.82 0.90 1.18
/NIIAR ) (15 2% HY) 1.21 1.21 1.21 1.02 0.94 1.09 1.71
TiEEY 2.95 2.95 2.95 2.58 2.42 2.72 3.94
SRR 452 452 452 4.06 3.94 4.49 6.38
R R 0.62 0.62 0.62 0.54 0.52 0.64 1.02

7% 3-17 LPG HZES3 Dl L] NO, HEHIFREL

LPGHE R RINO, BEHFREK (g/km)
HFE X 5y RSk (km/h)

3~5 5~10 10~15 15~25 25~40 40~60 60~80

g 3 I - - - - - - -

FeHE 0.43 0.43 0.43 0.44 0.49 0.63 0.90
RIS - - - - - - -
/NS (1S R ) - - - - - - -
Wi 5 - - - - - - -
VAYZS - - - - - - -
R e - - - - - - -

7% 3-18 7 —EB/VHIZ BT 5 0] SPM HEHIGRER
S —P LT TR W ASPMBE AR (glkm)
By IR (km/h)

3~5 5~10 10~15 15~25 25~40 40~60 60~80
e - - - - - - -
FEHE 0.049 0.03 0.021 0.016 0.015 0.016 0.021
RIS - - - - - - -
/NRE i (15 %5 ) 0.167 0.125 0.102 0.085 0.073 0.071 0.087
LSGNEL/EN 1.125 0.777 0.615 0.521 0.463 0.443 0.457
IRA 1.281 0.894 0.71 0.6 0.525 0.494 0.509
R R 0.787 0.543 0.428 0.361 0.319 0.307 0.326

#3-19 AV H-LPG HIZEH 5 SPM PEHIFREL

HREX 7y TV LPGH
g/km g/km
g2 H 0.025 -
e H 0.01 0.01
AT 0.025 -
/NS ) (R 2 H) 0.063 -
m e 0.077 -
IRA 0.085 -
LSRN 0.077 -
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3% 3-20 fHEAIZRD T 3 BRI NO, B8 L O SPM HEHFR S

NO, HEHi 1% 5 (kg/10"keal) SPMHEH % 5 (kg/10 keal)
[ FHS LPG e FHE I LPG

P EES 3.28 1.56 7.44 0.18 0.11 0.13
=L/ 21.66 20.75 - 1.82 0.77
INA 28.52 - - 2.55

% 3-21 BEPEAPICBE ORI SO, HEHIFREL

PRBHFE s A i SO, B R %L
wt% kg/10'kcal
TS 0.04 0.71
X 0.13 2.23
AT 0.78 13.92
B-CHif 2.89 56.62
LPG 0 0

3.5.2 B4 VEFEIZLS SPM HIHE

HENEDHD SPMASATREL T, X AY OB I DPE D305, RETIELFR 3-22 DB ETIRRES 7=
VOEAER] SPM BEHWREL BREET, 1997) &, # 3-12~3-14 (R U745 HEREOD £ TR IV CRadEH
BERRL, BEHEIROPEH EL RIS O BB HICE Y T 5= L — B BEO KEETEE
Bl L7z,

# 3-22 FAVEFEICI D HAE SPM HEHIFREL

HRLX Y HAY EFEIC L ASPMIE R
g/km
[EZ IED 0.02
R HH 0.02
BRI HL 0.02
/NS ) B (15 ) 0.02
W E S 0.2
AYZS 0.1
R R 0.2

3.5.3 M- EE - TN LCDHIHE

250 SPMPEH BITREL, £ DOPEHEREIIAAHIEIZ LD B2 D72, NOUZ DWW TAF TIIE
3-23 1T~ T 4 FEDOMMAZ S ST LT REHE I HE A% (Tonooka &, 2000) & IV 7z, LasL, SPM 12D
WTIEER M S B B9 D HE %5 (Cass G R.D, 1982) 2 5-%, = COMMITRIUAEA V-, $7-, &k
T8 ((BF) = ZERAWFFERT, 2000, USEPA, 2000) 3 ULz (k) =2k &AF9EHT, 2000, Cass G. R.5D,
1982) IZPIL TIEER 3-24 OfEx W THRNEZ R LI, 72720, $HEDO—RIRFIZOWTTREE T
HEHREME O - T=7-8, [Stoker fired boiler] DA AL~

BRI L O =y MREHINC LD SO, DHEH BT 3-21 Ot & A7 B L DBV P AR5 A IV
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3 EEET R KRR R EOHERT

72703, $RIEDO—MRERZE BT A HEHIFREIE NOy, SPM E[EIT STk (USEPA, 2000) 22 R L 7=,

7% 3-23 ARAACBI9% NO,, SPM HEHIFA%ER

L AN B-CHm
R AR NO, SPM NO, SPM NO, SPM
kg/10"kcal
A A, =T 33.0 1.95 445 3.39 46.0 3.39
i () 374 1.95 38.0 3.39 39.9 3.39
S 75.7 1.95 771 3.39 80.9 3.39
PN i 58.8 1.95 59.8 3.39 62.7 3.39

# 3-24 R, #iZEHIZRE 5 NO,, SO,, SPM HEHIFREL

— (23] ¥y NREHH
AR NO, SO, SPM NO, SPM NO, SPM
kg/10"keal
[ZSE] 7.26 315 0.71 7.31 3.25 - -
WZEk% - - - - 11.1 0.68

3.5.4 REEW-EREWMNAODHHE

JEL SRRSO LR IR 72 & O AR B A B LD NO, R SPM B2 HEHIERE 2 iV, NO, DFEH
FRELZOWTIE, DN EO TR F (BRET, 1995) (ZH-S&H SN -HEHAR S ((BR) =28k &7t
FT, 2000) &5 FHL7=,

—J7, SPM OHEHAREUTE NBERENEMR O EFE R GONRN -T2 800, AFETITKEOMHE
(AACOG, 1996) # &5 | ZHEHGR B AR LT, 3 2-35 I W= BEHIRE 27”37, F72, SO W\ T
# 3-21 OREHEOPEHRED G R LT,

7% 3-25 RN, BLEREERICEE D NO,, SPM BEHITREL

T
FEAER NO, SPM
kg/10"kcal
FEZERR A 41.32 2.2
SRR 43.40 2.2
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FAE HMARREARNELREN

4.1 PR TRILF—HELERRIRERARE

W2 MBIOE 3 H Tl - FIEICE S EHER L T F e BP9 2& T 400 FF9IC BT 54
BRI AU B (1995 48 22 17 FF ~ERAIL T, S BIREMER I R7e =L — M B L OVE 4
BOYE IS BT 5, AP O BEEEAREREE AN BICNZ, BETRENOAIRIEH &I T 5
B DO T HABIONTT D, 723, A EFH O FEEREE AR #3399 T A TR 721%, [FEHEE
ST ERPS (BEREHE O 2) 2 N2 T 17 FF~F&0 7z,

B FA~DO R F BT F R SNDBRE AN EOR HICIE, X (1-14) 0»5EN DAL ¢ 2 H
WD, EH | DR AETR B R (4-1) O SO ICE N Sl T 2R Y, Ll 7 B8R B o B, K (4-2)
FOEPT | ~ORMETFEICLF RSN RE AR & T2 ROHZENTED, 72720, milE(1-9) TE
FSNDHEM i 1B T2 AMRETH D,

Fi = Yi + Ei (4-1)

Ti = (1_ mi) eiYi + € Ei (4-2)

41.1 IRIILFX—HEEE

B OB R R LX — (B2 O FUSBHER CA SR, AR, KIRT AR, ZOM) ONFR%E
4-1 12, T ENO TR RN — I BRI T 2K EH M O % 52X 4-2 12777, 1995 Db
DEOEFTECELARIR = I L — & &L 4 (5 3 T 8 /5 TOE(Ton Oil Equivalent = 10°kcal) &
HeFtS T, MBI D HERE L i35 L, BB RMFZETO (ARjED, 2001)4 (% 6 T 9 H /7 TOE LHhig
LA TF/NEW, FWEHEFHROEWITINZ, HBEAESCAN A 5RO EROHEENFNES 2 DD,

ERR RN IE R 7B Ea ok, [FE ) - T A% RPN LD E &R 1), KRN LDHE S %
EI-Z LD, 185 T H 7 TOE 4R 35%% b, #1323 7 F 4 & )7 TOE @ 17% E#i<,
[FEHHEE S PR Wb D~ A —IC LD, B LD =R F —HBE N ERFRER LR, 5
T-7 55 TOE L&KL L TOHESH KEL 13%% 7=,

WETREANO= RNV —H{EZHDHE, 77—V ARNT U E O E PR MER I Z3% S T Hxf
B A — B AR - (R E NG D 81 - — A% E P O B2 B &3 2 T3 & U TOE
DEERD 5%E/NIND, EDFFENT 17.5%IF Y T HT X —HE LR LTI L0015, Hi T
[EEE% - AREhPE B[RRI, B2 % 513 7 B 7 TOE E2RD 2% D% H5AZEE 720z B5
EIRD 15.2%% Hbiz,

4.1.2 CO HEHtE &

CO, HEH &L 3184 T 3 H U t-C LHEFHE, ) JAF2eit (RBED, 2001) D 383 T4 & /7 t-C,
B EFR S (B A D, 2001) O 3185 T 9 | 5 t-C LHlE L R A2 fEG L Ao 7-, K 4-3 D=
A1 LRI U PR Tl T - A% PSR D 30% I IHH Y 775 L@ 3 B I t-C Lib K
&<, el P23 5 T 8 B0 t-C, TFHEHHE S 4 TEH U t-C Tholo, —H, AIK
FEEETHEANENE Y THIEE LA BMIE= X —HE T 3%D% 5 Tho7ei
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CO, TIE 7%%& o7z, Fiz, [8:80 IS A IKAEEITIN A, A RSBREIOERN LN EDD, 8%
@I*/vﬂ?—?‘%%ﬁ@#%ﬁ% 11%0 CO, HEH F G272 o1,

B 4-4 INOEAETFEICIDFEISID COp OPEHHEEIL=/LX —{HE LB TOD03, TR - R
Bk | BF%@%E% 19.2%3:%%)j<%b\@%%u‘:0 TEEER - REDPE P ~DOFFE L, BA MO D
L EGEZAE T 72018, BN THIKA O LD CO DI 3N ENRIK THH,

4.1.3 NOLHEHi1E&

NO, HEH BT A FET 351 J7 t L7280, [X] 4-5 [ R T IO ENR AR CTh 28 B, M,
2S5 70 8 ANE% 2 3 2 NiE g | PR A% 212 5 t KD 61%% O DGR L7272, B E
K NOy /S —F—72 & P MBI H AT 23 S T D EE R AR D OHEHIX, T8 - H A% 5
28 17 tE8%% O HITIHE T, TRAF—IHE DFTFHITX L TR TNSWZ RSV, TEAROK
PEZE MDD OPEH &S 22 J5 t EREFVD, TR LD EHO O OPEH R E7-5E R Th D,

— 77, NOHEH ZARR L 72 #FFIEIX 4-6 (R 3 89, IEHERIZR R H &b K& T P9 25 41% D% 5-
ZRL, TRV CO HEH ST R 2ot s 2~ T, P CHIRENL EOEIE DY 6% Em\D8,
ZHUETERAROKPEZE PN 3T IR O B IMTEE (2D NOZFE R T 572 Th D,

4.1.4 SO HHHEE

SOy HEM HIE 187 5 t LHERFIA, NOK EIRIARICILAT S 55 Ot SR ELIT I LD [E B 8 AR D OHEH
BIT/NEL, K AT IR T IOB IR AT CTh D s P O % 528 97 J7 t D 52% L TRE, 72
DT, SMEMAAICED C EIMOIEENES Lo TD, SO DPEHIEE I 2R EHI BT
728, JEURHR 0% R OF FA S K Z N TEREH 13T, ZBRRATZICLDEIMOHEENRK L7 n TRk
ot ERFEE E R AR O CHHEH EO 2V THHZ LN btz £z, Tk V7% R PTH %
DRI (RTA Y — /=N (BB E U CEIMAFI 35720 SO &3 %<, BIEROF] D
JRK D—2 Lo TS, BIURIRIIARM DY T = PR+ 278 TR CHWR LT D A
K3 2h A LA DFAET HZENFRK DO —D>ThH 2D,

Bif‘k 2R AT SO DR BIPEH %7 5% X 4-8 (2797, NOy L [RIRR I &g | #EfT D% 573 44.1% &

He 1T HOBN, WIZTHERR, 2R, MBS, JEEFAS 9.7% & THER, « RENFE 1P 9.1% k0 kEuy, M4
X - ANENPE | P IR DO PEH DS, 3% O NOy DHEH AL 2 K &L TWas, SO
DUWTIIBREHF DR B A BRSSP EA R T 5720, BRI LHHEH DY SO, DI HfL %
L BT, THER - A #hE MO FEICL AP MO T 503/ E&<leoTD,

4.1.5 SPM HEHi#EE

N2 PR O — YR SPM HEHI EEIE 32 U5 t EHEGHEAL, [ 4-9 O LI TG 155 F9 2% 14 70 t & 45%
RO R ST, HEHEDY D, ZAVEFEICIAHEHAN 3 15 2 Tt & 10%% 5©, [E ) #H
ROTFFHEE X D OPEH B FiF 7o, TREMOKEEZE RPN A SO BNz <,
Faos, bR DB X LAY 52 GO T-2605 3 5 6 T t ICh N 11% D% 5720, [ T A
MO 4 77 6 T tick @y MEE R LT,

B 4-10 2bbondkolz, T, [ - AB)E | e W TR I PNC LD R LT HEH O % 5
M 10.5%% iz, TR P ~OFF EX BRI TR EE S | B O EFEIRBI 22 L, <0
B XIZfES T SPM 3 HEH SIS T2, TREHG RO 5D HEIE M E <o T\D,
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EHokEE = w
s | lE{ﬁ?&
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wmg 0 : 5 5 5 5 P BRRARR
e LTE : : : L OZOf
fmg | : 5 5 i
Fl-FRAR i : : :
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BHHRE 0 |
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[ : : : ]
HE-4—E2% [
FEEEE [ : s
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BT RILFY—4% 8 (TOE=10"kcal/£E) (x10%)
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4.2 IXRILF—HEEDHICHITHRIMERE

ARETIIAERFCET V7 AR SEHEF LI X — B BEIEALL, £ED CO, <0
KRG E O EEFHH L T0D, L, RRIGRDE OHEFHI AW ERIFRHA THH MAP %H
BEOREFND, FRZAMEFREICBIT =R —HE EIC OV TARME CTIEHEET O K EE7 F|
PREL OB DFAET DT e a R LT,

B ETC A ML L IR T 7 O R — A7 T AL XD RIAE T ADFEAET D,
AHEF TIIA T HAE Y THHE BEL TURIEFGHI BT DT AR BRALKFE T A OfEZ AW,
HEEREET T3 1995 AE D JFUEHH £ 1R < A R BRAV K BT AD TS # 8L 14,678 X 10°m® LRtdst, Bk
TITFEE A A% LIFIL 9,400 keal/m® LU TV 4728 13,797 X 10%%cal £72>TW5, ZDH 5 A ks il
ERBIOH LIS BIIE 41ITRT IO, £h219,061 X 10°m? (%1% —T 8,517
X 10"%eal) , 2,102 10°m? (1,976 X 10"%cal) LB S TS, Fox OHEFHTITH MR IRILAKFEH ZAD
FENELL T 10,726kcal/m® & =28, £ IS RIEEDY 9,719 X 10keal, £ LF3EAY 2,254 X

10%%kcal LU T, PEE$HpERE MR DK EPT~FLS L TND,

F4-1 AHEFHE MAP AL DRIA T ATH e & DiE

FEiEmal MAPGHAS (R APERR) ARHERT ARAEFF-MAPFH AL

10°m®  10"%ecal 10°m* 10"kcal 10°m®  10"%cal 10"kcal
RS R 9,061 8,517 10,929 8872 9,061 9,719 847
Fb 2,102 1,976 8,186 6,749 2,102 2254 -4,495

—J7, MAP SR IC L DA MR, A b7 288 Y T2 MDA 7 W AEE ®ITE 21, 8,592
X 10°m? (7,530 X 10™%cal) , 2,122 X 10°m® (2,127 X 10"%cal) TH Y, AHEFH & MEE =79, Ll
MAP FHA TIZA 7 HADMIZ T Z DM DK AEPRE &L Tk R 11,335 X 10°m® (1,740 X
10%kecal), Fiil{k#1T 6,287 X 10°m® (5,019 X 10%kcal) D &N FER SN TV D, MAP FH2& D
BRIZIIUZTZDOMMOKAEIRE NIERIRA AN E FNDHZ LMD, TRNTELHD KR AN &
EHERRL, JeDA T DAY E BB T LA IS RIZET 8,872 X10"%keal LAHEFFEUTELT 528, i
(b 30% 6,749 X 10%kcal L & DAEFEFR—ADHEEFL b~ 4,495 X 10" %cal DEWDH D, ZDJ5
KD—>LLT, AL TIZERITIE Cs, Cq BORIAEN ALBREIEL T L TV, HEERET

BT ADHTH AL L D BN R R THY, FENEO @O RIET ADEE BDG ESh Tz
&?E?fsf%é

7o, AETIXOMEFREDO T 0 A TRIAESNDIRIRRE LT, SRR BRILKFIMOME
AR T 1,993 X 10%%cal ZFF EL7-, MAP FA TIA T2 DM OHRIE LT, IRREI O W &
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Table of Embodied Energy and Emission Intensities

Data specifications

1995 7 Year: 1995

399

Basis price: Producer price

Sector classification: 399 sectors






1995
Table Embodied energy and emission intensity on producer price basisin 1995

* TOE=10"kcal ** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
11101 1 (I-A)* type 0.5216 0.3944 5.010 1.484 5.385
Rice {1-(1-M)A} " type 0.4622 0.3497 4.645 1271 5.346
11102 2 0.8766 0.6626 7.428 2.317 2.317
Wheat, barley and the like 0.7504 0.5671 6.645 1.926 2.193
11201 3 0.5882 0.4497 6.547 1.869 0.901
Potatoes and sweet potatoes 0.5078 0.3888 6.113 1.610 0.852
11202 4 0.5968 0.4577 6.135 1.916 0.656
Pulses 0.4866 0.3737 5.400 1552 0.575
11301 5 0.7757 0.5944 7.953 4.691 1.045
Vegetables 0.7085 0.5450 7.555 4.441 1.000
11401 6 0.4743 0.3567 4.352 1.788 1.373
Fruits 0.4198 0.3163 4.023 1591 1.337
11501 7 0.6584 0.5025 6.029 2.036 0.681
Sugar crops 0.5549 0.4242 5.459 1.696 0.613
11502 8 0.6623 0.5081 5.322 2.301 0.643
Crops for beverages 0.5513 0.4235 4.669 1.906 0.570
11509 9 0.7326 0.5594 9.783 2.645 0.874
Other edible crops 0.5421 0.4151 7.882 1.948 0.696
11601 10 0.5584 0.4293 5.330 1.557 0.559
Crops for feed and forage 0.4753 0.3656 4.813 1.278 0.500
11602 11 0.6895 0.5232 6.218 3.704 0.641
Seeds and seedlings 0.6064 0.4617 5.653 3.358 0.579
11603 12 1.3229 1.0174 12.151 8.164 1.218
Flowers and plants 1.2540 0.9668 11.765 7.912 1.178
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
11609 13 0.5768 0.4406 5.110 1531 0.601
Other inedible crops 0.5169 0.3955 4,775 1.325 0.565
12101 14 0.5538 0.4154 5.930 2.204 0.793
Dairy farming 0.4349 0.3249 4,727 1.618 0.668
12102 15 0.9831 0.7313 11.573 4,992 1.923
Hen eggs 0.7481 0.5539 8.687 3.575 1.650
12103 16 1.0631 0.7846 11.086 4.807 3.313
Fowls and broilers 0.8392 0.6155 8.381 3.491 3.058
12104 17 0.8485 0.6289 9.736 4.257 1571
Hogs 0.6475 0.4769 7.254 3.044 1.335
12105 18 0.7089 0.5333 8.264 3.120 1.323
Beef cattle 0.5382 0.4037 6.431 2.257 1.113
12109 19 0.3951 0.2958 4.398 1.701 0.520
Other livestock 0.3052 0.2274 3.393 1.235 0.420
12201 20 0.8296 0.6226 5.758 2.000 2.750
Sericulture 0.6832 0.5125 4814 1.567 2.504
13101 21 0.9836 0.7430 4.343 1.270 0.383
Veterinary service 0.9260 0.7014 4.071 1.088 0.354
13102 22 1.2258 0.8741 6.481 2.408 11.254
Agricultural services(except veterinary service) 1.1286 0.8034 5721 2.099 11.184
21101 23 0.3613 0.2699 3.607 0.872 0.297
Silviculture 0.3274 0.2447 3.393 0.777 0.277
21201 24 0.6345 0.4803 9.191 1.466 0.750
Logs 0.5969 0.4525 8.977 1.358 0.731
21301 25 2.0353 1.5630 17.275 8.492 1.793
Specia forest products (inc. hunting) 1.9240 1.4810 16.263 8.165 1.700
31101 26 3.0218 2.4040 114.377 63.668 8.602
Marine fisheries 2.9429 2.3452 113.563 63.194 8.533
2
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
31104 27 21234 1.6640 65.226 39.614 5.478
Marine culture 19111 1.4997 59.423 36.358 5.030
31201 28 1.4551 1.0260 16.535 5.732 1.303
Inland water fisheries and culture 1.3036 0.9128 14.086 4.445 1.104
61101 29 1.8060 1.3569 13.800 5.672 1.321
Metallic ores 1.7401 1.3074 13.427 5.476 1.287
62101 30 1.8675 1.3938 30.903 4,978 2.322
Materials for ceramics 1.7871 1.3353 30.423 4,735 2.278
62201 31 1.4372 1.0927 22.469 3.621 2.244
Gravel and quarrying 1.3739 1.0461 22.154 3.431 2.214
62202 32 1.5509 1.1739 22.765 4.077 2.273
Crushed stones 1.4818 1.1231 22412 3.862 2.240
62909 33 1.7453 1.2777 24.653 4,707 2.023
Other non-metallic ores 1.6715 1.2233 24,132 4.497 1.978
71101 34 1.8868 1.5804 9.927 6.006 0.990
Coal mining 1.8211 1.5274 9.543 5.804 0.955
72101 35 0.7590 0.5592 3.080 1.696 0.301
Crude petroleum and natural gas 0.7270 0.5343 2.880 1.609 0.283
111101 36 0.7809 0.5805 8.600 3.448 1.606
Slaughtering and meat processing 0.6168 0.4565 6.708 2.537 1414
111201 37 0.7546 0.5506 5.902 3.095 0.932
Processed meat products 0.5388 0.3899 3.626 2.081 0.572
111202 38 0.9886 0.7556 7.132 5.324 0.960
Bottled or canned meat products 0.8141 0.6211 5.380 4.442 0.726
111203 39 1.8346 1.3623 8.490 14.874 1.449
Animal oil and fats 1.5901 1.1789 6.618 13.581 1.162
111204 40 0.9971 0.7307 5.933 5.732 0.806
Dairy farm products 0.8862 0.6487 5.129 5.188 0.714
111301 41 1.8503 1.4432 60.940 33.819 4.632
Frozen fish and shellfish 1.5676 1.2209 51.572 28.598 3.923
3
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
111302 42 1.5208 1.1613 37.674 21.616 2.952
Salted, dried or smoked seafood 1.1400 0.8646 25.757 14.982 2.042
111303 43 1.6332 1.2870 27.357 18.306 2.320
Bottled or canned seafood 1.3242 1.0409 19.320 13.798 1.699
111304 44 1.1412 0.8367 17.752 10.295 1.521
Fish paste 0.8995 0.6507 11.562 6.803 1.034
111305 45 2.2571 1.7370 51.413 33511 4.139
Fish oil and meal 2.0012 1.5372 43.582 29.133 3.542
111309 46 1.1498 0.8763 25.132 14.836 2.075
Other processed seafoods 0.9557 0.7268 20.309 12.073 1.694
111401 47 0.6220 0.4613 6.052 1.924 4,597
Grain milling 0.5618 0.4163 5.667 1711 4.540
111402 48 0.8492 0.6127 6.236 2.691 1.228
Flour and other grain milled products 0.6389 0.4547 4.429 2.084 0.788
111501 49 0.9773 0.7194 5.997 4.322 0.807
Noodles 0.8495 0.6238 5.043 3.814 0.652
111502 50 0.8569 0.6072 4,741 3.167 0.676
Bread 0.7360 0.5173 3.887 2.641 0.530
111503 51 0.8791 0.6286 4,594 4.077 0.688
Confectionery 0.7665 0.5453 3.863 3.481 0.588
111601 52 1.2412 0.9600 6.823 6.653 0.916
Canned or bottled vegetables and fruits 1.1034 0.8510 5.954 6.013 0.802
111602 53 0.8270 0.6099 5.444 3.956 0.685
Preserved agricultural foodstuffs (other than bottled or canned) 0.7370 0.5420 4.863 3.511 0.614
111701 54 2.1153 1.6224 10.934 23.266 1.819
Sugar 1.8870 1.4487 9.725 21.287 1.640
111702 55 1.8297 1.3111 9.524 9.703 1.282
Starch 1.6186 1.1510 7.014 8.957 1.051
111703 56 3.2063 24234 14.465 27.742 2.252
Dextrose, syrup and isomerized sugar 2.9846 2.2578 12.554 26.881 2.063
4
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* TOE=10"kcal ** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
111704 57 1.3140 0.9767 8.110 6.747 0.965
Vegetable oils and meal 1.0177 0.7521 5.062 5.623 0.665
111705 58 1.1288 0.8383 6.558 5.920 0.856
Condiments and seasonings 0.9826 0.7270 5.457 5211 0.735
111901 59 0.9372 0.6811 8.262 5.415 1.024
Prepared frozen foods 0.7798 0.5635 5.795 4113 0.765
111902 60 0.9335 0.6792 6.406 5.127 0.874
Retort foods 0.7957 0.5790 5.031 4.370 0.699
111903 61 0.7887 0.5729 6.717 3.979 1.087
Dishes, sushi, lunch boxes 0.6683 0.4828 5.198 3.141 0.925
111904 62 0.6678 0.4733 4,588 2.523 0.667
School lunch (public) 0.5952 0.4184 3.723 2.015 0.572
111905 63 0.6838 0.4859 4.824 2.658 0.687
School lunch (private) 0.6008 0.4230 3.730 2.024 0.571
111909 64 1.0980 0.8018 5.691 5.405 0.807
Other foods 0.9902 0.7222 4.874 5.005 0.692
112101 65 0.5903 0.4285 3.953 2.568 1.426
Refined sake 0.5394 0.3916 3.634 2.382 1.388
112102 66 0.5353 0.3916 2.753 2.254 0.308
Beer 0.4882 0.3558 2472 2.093 0.279
112103 67 2.7145 2.0911 11.947 26.486 2.039
Ethyl alcohol for liquor manufacturing 2.5049 1.9350 10.951 25.563 1.924
112104 68 0.5166 0.3731 2.938 2101 0.319
Whiskey and brandy 0.4582 0.3312 2.602 1.896 0.282
112109 69 0.9862 0.7432 5.822 8.643 1.011
Other liquors 0.8983 0.6786 5.278 8.318 0.949
112901 70 0.6942 0.5011 4.079 2.099 0.483
Teaand roasted coffee 0.5533 0.3954 3.094 1.617 0.367
112902 71 1.0252 0.7791 5.328 4.642 0.665
Soft drinks 0.8985 0.6810 4.616 4.105 0.578
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM

code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
112903 72 1.7730 1.1512 4.366 2.980 0.441
Manufactured ice 1.7286 1.1172 4,130 2.839 0.418
113101 73 1.1057 0.8214 10.721 6.163 1.096
Feeds 0.7343 0.5382 5.565 3.729 0.615
113102 74 1.1343 0.8741 11.375 9.875 1.360
Organic fertilizers, n.e.c 0.8564 0.6631 7.129 7.369 0.975
114101 75 0.2099 0.1538 1.233 0.856 0.154
Tabacco 0.1654 0.1210 0.908 0.709 0.115
151101 76 0.8835 0.6663 5.183 3.893 1.826
Raw silk 0.7685 0.5809 4.877 3.906 1.559
151102 77 1.4939 1.1100 7.155 6.735 0.891
Fiber yarns 1.3026 0.9681 6.140 6.089 0.771
151201 78 1.6639 1.2366 8.539 8.351 1.044
Cotton and staple fiber fabrics (inc. fabrics of synthetic spun fibers) 1.4496 1.0777 7.516 7.562 0.926
151202 79 1.8199 1.3785 8.821 8.541 1.107
Silk and artificial silk fabrics (inc. fabrics or synthetic filament fibers) 1.5794 1.2013 7.811 7.779 0.975
151203 80 1.5234 1.1468 7.775 8.394 1.051
Woolen fabric, hemp fabrics, and other fabrics 1.2851 0.9702 6.624 7.512 0.917
151301 81 1.4099 1.0519 6.657 5.745 0.768
Knitting fabric 1.1737 0.8771 5.600 4.899 0.648
151401 82 2.2959 1.7697 11.859 15.195 1.763
Y arn and fabric dyeing and finishing (processing on commission only) 2.0790 1.6071 10.874 14.502 1.654
151901 83 1.7407 1.3243 9.013 7.360 0.972
Ropes and nets 1.5033 1.1492 8.063 6.630 0.874
151902 84 1.5316 1.1486 7.114 6.603 0.875
Carpets and floor mats 1.2886 0.9688 6.035 5.747 0.7%4
151903 85 1.0302 0.7190 5.011 3.810 0.720
Fabricated textiles for medical use 0.8719 0.6093 4.130 3.184 0.601
151909 86 1.4123 1.0524 6.937 7.309 0.915
Other fabricated textile products 1.2515 0.9348 6.171 6.754 0.827

6

3EID



* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
152101 87 0.8724 0.6451 4.637 4.003 0.575
Woven fabric apparel 0.6999 0.5171 3.655 3.271 0.465
152102 88 1.0254 0.7621 5.348 4.334 0.626
Knitting apparel 0.8499 0.6326 4.467 3.666 0.528
152209 89 1.2966 0.9644 7.319 6.478 0.855
Other wearing apparel and apparel accessories 1.1354 0.8459 6.478 5.856 0.759
152901 90 0.9682 0.7138 5.733 4.661 0.716
Bedding 0.7856 0.5791 4.636 3.874 0.573
152909 91 0.8666 0.6365 4,564 3.629 0.529
Other ready-made textile products 0.7084 0.5196 3.735 2.999 0.436
161101 92 0.6922 0.5055 7.540 1.633 0.708
Timber 0.5338 0.3860 5.450 1.239 0.536
161102 93 0.9309 0.6794 6.637 3.270 0.809
Plywood 0.7552 0.5504 5.182 2.737 0.666
161103 94 0.7027 0.5102 7.478 1.594 0.702
Wooden chips 0.5237 0.3758 5.177 1.158 0.510
161909 95 0.7374 0.5396 5.304 2.229 0.612
Other wooden products 0.6147 0.4481 4.269 1.862 0.512
171101 96 0.7700 0.5701 4,992 2481 0.551
Wooden furniture and fixtures 0.6486 0.4793 4.157 2.089 0.467
171102 97 0.8386 0.6141 5.637 2.802 0.698
Wooden fixtures 0.7051 0.5166 4.686 2.368 0.599
171103 98 1.2278 1.0519 5.785 3.297 0.631
Metallic furniture and fixtures 1.0740 0.9178 4.954 2.820 0.556
181101 99 5.5566 2.7465 21.665 26.559 5.277
Pulp 5.2690 2.5330 18.900 25.814 5.017
181201 100 5.2873 3.0296 20.220 21.519 4,180
Foreign paper and Japanese paper 4.6354 2.6745 17.168 18.653 3.587
181202 101 4.9483 3.2169 19.571 19.905 3.535
Paperboard 4.4232 2.9265 17.113 17.629 3.068
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
181301 102 3.0263 2.0043 13.316 12.692 2.220
Corrugated cardboard 2.6954 1.8150 11.768 11.285 1.937
181302 103 2.1688 1.4096 9.439 7.437 1.739
Coated paper and building (construction) paper 1.8874 1.2376 8.139 6.337 1.528
182101 104 1.5221 1.0292 7.193 6.635 1.118
Corrugated card board boxes 1.3687 0.9375 6.464 6.005 0.995
182109 105 1.6067 1.0290 7.116 5.982 1.176
Other paper containers 1.3891 0.8986 6.112 5111 1.002
182901 106 1.6692 1.1128 7.312 10.336 1.069
Paper textile for medical use 1.4640 0.9828 6.388 9.540 0.925
182909 107 1.7190 1.0939 7.308 6.780 1.204
Other pulp, paper and processed paper products 1.4997 0.9640 6.281 5.898 1.028
191101 108 1.2772 0.7806 5.816 4.472 0.949
Newspapers 1.0782 0.6617 4,758 3.742 0.787
191102 109 1.1255 0.7090 4.641 3.756 0.739
Printing, plate making and book binding 0.9793 0.6206 3.952 3.180 0.626
191103 110 0.9400 0.5950 4,555 3.117 0.683
Publishing 0.8030 0.5110 3.810 2.620 0.576
201101 111 15.1382 10.2832 45.123 9.633 3.517
Ammonia 14.9701 10.1624 44.381 9.150 3.458
201102 112 2.8885 2.2452 11.525 6.394 1.714
Chemical fertilizer 2.6404 2.0529 10.104 5.621 1.550
202101 113 5.4477 4.7985 28.990 28.912 3.744
Industrial soda chemicals 5.2554 4.6383 27.669 28.018 3.595
202901 114 2.6635 2.1198 11.673 9.705 1.249
Inorganic pigment 2.4006 19177 10.066 8.786 1.090
202902 115 3.8001 24427 8.214 6.470 0.878
Compressed gas and liquefied gas 3.7252 2.3846 7.819 6.230 0.838
202903 116 7.8122 7.0774 56.144 47.741 7.653
Salt 7.4791 6.8045 54.048 46.152 7.390
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

202909 117 2.7320 2.2688 14.444 12.027 1.967
Other industrial inorganic chemicals 2.4791 2.0738 12.648 11.114 1.792

203101 118 6.8846 49850 17.780 13.259 1574
Petrochemical basic products 6.5452 4.7434 16.431 12.341 1.447

203102 119 7.2658 49962 17512 9.212 1.320
Petrochemical aromatic products (except synthetic resin) 6.9941 4.8055 16.455 8.537 1.222

203201 120 5.1056 3.9032 17.916 16.818 1.797
Aliphatic intermediates 47164 3.6111 16.404 15.603 1.646

203202 121 5.0384 3.5841 15.729 11.578 1.482
Cyclic intermediates 4.6466 3.3023 14.319 10.605 1.348

203301 122 4.1547 3.3117 15.868 19.735 1.638
Synthetic rubber 3.8815 3.1129 14.824 19.005 1.537

203901 123 5.1064 3.5435 16.332 13.577 1.832
Methane derivatives 47116 3.2483 14.439 12.323 1.634

203902 124 1.4092 1.0182 5.709 4911 0.677
Oil and fat industrial chemicals 1.2135 0.8706 4.469 3.970 0.533

203903 125 4.1254 2.9248 13.761 9.171 1.536
Plasticizers 3.6326 2.5618 11.933 7.774 1.352

203904 126 3.3178 2.4559 13.039 9.558 1.469
Synthetic dyes 2.8500 2.1170 11.348 8.355 1.304

203909 127 3.4109 2.5535 12.694 9.080 1.375
Other industria organic chemicals 3.1182 2.3299 11.401 8.173 1.245

204101 128 3.0959 24147 11.289 8.813 1.157
Thermo-setting resins 24724 1.9632 9.109 7.192 0.940

204102 129 4.7060 3.4159 15.134 12.496 1.513
Thermoplastics resin 4.2483 3.0838 13.495 11.282 1.355

204103 130 3.3671 2.4507 12.434 9.862 1.247
High functionality resins 2.6265 1.9192 9.934 7.991 1.003

204109 131 4.9785 3.4960 16.372 11.268 1.794
Other resins 4.3327 3.0281 14.116 9.507 1.566
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
205101 132 4.2752 3.3183 20.203 28.106 2.826
Rayon , acetate 3.8533 3.0491 18.347 26.585 2.540
205102 133 3.3093 25771 13.434 12.645 1.426
Synthetic fibers 2.8300 2.2294 11.762 11.395 1.262
206101 134 0.8341 0.6099 3.939 2.546 0.442
Medicaments 0.7248 0.5294 3.378 2.203 0.384
207101 135 1.5593 1.1404 6.755 4.633 0.853
Soap, synthetic detergents and surface active agents 1.3349 0.9765 5.793 3.925 0.746
207102 136 0.9224 0.6703 4,526 3.067 0.514
Cosmetics, toilet preparations and dentifrices 0.7923 0.5776 3.892 2.636 0.442
207201 137 1.8080 1.3691 7.581 5.432 0.799
Paints and varnishes 1.4909 1.1299 6.249 4.463 0.662
207202 138 1.9268 1.4412 7.918 5.708 0.851
Printing ink 15732 1.1774 6.487 4.644 0.703
207301 139 1.2762 0.9128 6.078 5.345 0.814
Photographic sensitive materials 1.0857 0.7779 5.060 4.633 0.689
207401 140 1.8207 1.3777 9.011 8.808 1.044
Agricultural chemicals 1.5305 1.1645 7.707 7.917 0.910
207901 141 2.0480 1.5458 8.879 7.685 0.971
Gelatin and adhesives 1.7314 1.3103 7.597 6.736 0.839
207909 142 1.9553 1.4446 9.056 8.265 0.997
Other final chemical products 1.6407 1.2113 7.624 7.216 0.848
211101 143 1.9223 1.2165 6.587 5.217 0.570
Petroleum refinery products (inc. greases) 1.6504 1.0165 5.466 4.582 0.462
212101 144 7.6906 6.7928 45.002 29.908 2.358
Coal products 6.8115 6.0572 40.224 27.048 1.894
212102 145 1.3553 0.9653 7.684 5.668 1.109
Paving materias 1.1940 0.8510 6.948 5.225 1.039
221101 146 1.8020 1.2947 6.761 5.272 0.728
Plastic products 1.5540 1.1143 5.810 4,501 0.632
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
231101 147 1.9284 1.4682 8.600 8.970 1.040
Tires and inner tubes 1.7175 1.3077 7.538 8.262 0.926
231901 148 0.8544 0.6226 4.039 3.253 0.473
Rubber footwears 0.6986 0.5086 3.275 2.684 0.386
231902 149 1.1927 0.8790 5.434 4.231 0.568
Plastic footwears 1.0336 0.7627 4,727 3.698 0.492
231909 150 1.3128 0.9893 5.370 5.260 0.608
Other rubber products 1.1644 0.8769 4.677 4,761 0.536
241101 151 0.6634 0.4790 3.807 2.826 0.494
L eather footwears 0.5079 0.3653 2.776 2.127 0.354
241201 152 1.2300 0.8973 7.559 7.141 1.193
Leather and fur skins 1.0008 0.7257 5.187 6.076 0.831
241202 153 0.8239 0.5996 4.346 3.165 0.535
Miscellaneous leather products 0.6686 0.4850 3.291 2.476 0.402
251101 154 1.9295 1.4875 24.455 10.556 1.324
Sheet glass and safety glass 1.8236 1.4073 23.629 10.176 1.257
251201 155 2.2055 1.5927 20.878 6.860 1.712
Glass fiber and glass fiber products, n.e.c. 2.0729 1.4941 19.932 6.456 1.626
251909 156 2.1673 1.5855 23.064 8.664 1471
Other glass products 2.0587 1.5047 22.266 8.289 1.393
252101 157 13.1580 30.1737 185.012 18.849 7.038
Cement 12,9184 29.9827 183.093 18.104 6.870
252201 158 3.4115 6.5075 50.351 7.276 2.761
Ready mixed concrete 3.3088 6.4070 49.469 6.980 2.692
252301 159 1.9401 2.9357 22.504 5.857 1.699
Cement products 1.8452 2.8482 21.840 5.587 1.644
253101 160 15178 1.0873 8.992 4.378 1.077
Pottery, china and earthenware 1.4246 1.0191 8.272 4.055 1.006
259901 161 2.2679 1.9295 14.293 10.551 1.774
Clay refactories 2.0953 1.7955 12.799 9.933 1.641
11

3EID



* TOE=10"kcal ** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
259902 162 25772 1.9390 12.175 12.898 2.378
Other structural clay products 2.4455 1.8457 11.204 12.487 2.278
259903 163 2.3632 1.8703 13.177 9.395 1.318
Carbon and graphite products 2.1886 1.7374 12.275 8.874 1.230
259904 164 1.2650 0.9892 7.331 4.382 0.803
Abrasive 1.0911 0.8585 5.970 3.673 0.673
259909 165 2.0219 1.7006 13.369 4.459 1.211
Miscellaneous ceramic, stone and clay products 1.8770 1.5884 12.097 4.025 1.102
261101 166 24.3114 27.6773 58.696 37.166 6.293
Pigiron 23.6036 27.1240 53.739 34.867 5.828
261102 167 9.3855 9.5964 62.055 34.894 2.842
Ferroalloys 8.9262 9.2202 58.724 33.323 2.563
261103 168 11.4486 12.9829 33.394 20.428 3.336
Crude stedl (converters) 10.4819 12.0353 28.482 17.875 2.929
261104 169 3.9010 3.8812 24.106 12.261 1.429
Crude stedl (electric furnaces) 3.0664 3.0537 18.647 9.239 1.136
261201 170 - - - - -
Scrap iron - - - - -
262101 171 6.6009 7.0388 23.601 13.260 2.092
Hot rolled steel 5.9747 6.4262 20.133 11411 1.839
262201 172 4.0478 4.0104 14.849 9.109 1.497
Steel pipes and tubes 3.5777 3.5437 12,516 7.844 1.315
262301 173 4.3765 4.2865 15.738 9.692 1.528
Cold-finished steel 3.8816 3.7982 13.231 8.332 1.332
262302 174 2.9957 2.6884 11.663 7.091 1.109
Coated steel 2.6742 2.3827 10.021 6.146 0.973
263101 175 3.5231 3.4668 13.253 14.153 1.455
Cast and forged steel 3.2520 3.2086 11.593 13.238 1.347
263102 176 2.9350 2.8892 9.784 8.813 1.223
Cast iron pipes and tubes 2.8188 2.7878 9.136 8.468 1.163
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
263103 177 4.4566 4.6095 12.468 14.785 1.709
Cast and forged materials (iron) 4.2593 4.4278 11.410 14.215 1.619
264901 178 3.2551 3.2605 13.133 7.309 1.210
Iron and steel shearing and ditting 2.8370 2.8477 11.064 6.180 1.047
264909 179 2.3486 2.2428 11.092 5.949 1.214
Other iron or steel products 2.1133 2.0148 9.885 5.297 1118
271101 180 1.7745 1.4092 13.745 15.529 1.204
Copper 0.7802 0.6612 6.056 12.279 0.476
271102 181 3.1000 2.6413 15.069 21.240 1.442
Lead and Zinc (inc. regenerated |ead) 2.6964 2.3351 12.029 19.887 1.156
271103 182 ) 2.0921 1.6904 19.421 12.162 1.829
Aluminum (inc. regenerated aluminum) 1.6523 1.3407 15.527 9.862 1.465
271109 183 1.6972 1.2897 14.413 7.588 1.217
Other non-ferrous metals 0.8790 0.6744 8.071 4,922 0.619
271201 184 - - - - -
Non-ferrous metal scrap - - - - -
272101 185 1.2032 0.8941 6.774 6.025 0.647
Electric wires and cables 0.8174 0.5986 3.953 4.060 0.385
272102 186 1.0575 0.7579 5.446 3.040 0.533
Optical fiber cables 0.9340 0.6656 4,714 2.609 0.462
272201 187 1.1032 0.8175 6.702 5.736 0.592
Rolled and drawn copper and copper alloys 0.8035 0.5867 4.421 4.175 0.385
272202 188 1.5084 1.1493 11.505 7.093 1.104
Rolled and drawn aluminum 0.9103 0.6691 6.054 3.732 0.592
272203 189 1.4444 1.2021 10.262 6.582 1.075
Non-ferrous metal castings and forgings 0.9404 0.8035 5.833 3.968 0.668
272204 190 1.3609 1.0258 9.689 5.577 0.904
Nuclear fuels 0.5586 0.4156 3.053 2.194 0.329
272209 191 1.3025 0.9767 7.798 5.325 0.730
Other non-ferrous metal products 0.7319 0.5434 3.104 2.907 0.323
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

281101 192 1.8433 1.7864 7.852 4.296 0.748
Metal products for construction 1.6277 1.5796 6.713 3.693 0.657

281201 193 1.2212 1.0322 6.678 3.710 0.625
Metal products for architecture 1.0197 0.8596 5.234 2.865 0.494

289101 194 1.5044 1.3788 6.713 3.706 0.654
Gas and ail appliances and heating and cooking apparatus 1.3023 1.1957 5.605 3.077 0.557

289901 195 1.8308 1.6898 7.464 4111 0.705
Balts, nuts, rivets and springs 1.6205 1.4900 6.370 3.516 0.616

289902 196 1.5254 1.3403 6.689 3.542 0.633
Metal containers, fabricated plate and sheet metal 1.3427 1.1729 5.705 2.982 0.548

289903 197 1.3945 1.1833 5.843 3.312 0.567
Plumber's supplies, powder metallurgy products and tools 1.2183 1.0301 4.744 2.714 0.473

289909 198 1.2720 1.0832 5.216 2.936 0.506
Other metal products 1.1370 0.9601 4.448 2.498 0.439

301101 199 0.9248 0.8092 4.458 2522 0.474
Boilers 0.8134 0.7099 3.843 2.179 0.419

301102 200 0.9207 0.7967 4,151 2.464 0.435
Turbines 0.7802 0.6730 3.391 2.037 0.366

301103 201 1.1488 1.0236 5.220 3.219 0.563
Engines 1.0177 0.9082 4.459 2.785 0.495

301201 202 0.9561 0.8459 4,321 2.508 0.445
Conveyors 0.8331 0.7372 3.659 2131 0.386

301301 203 0.9066 0.7603 4.070 2.642 0.438
Refrigerators and air conditioning apparatus 0.7822 0.6578 3.375 2.221 0.373

301901 204 1.2380 1.1274 5.319 3.598 0.607
Pump and compressors 1.0960 1.0026 4.476 3.127 0.532

301902 205 1.1922 1.0623 5.458 3.157 0.538
Machinists' precision tools 1.0225 0.9137 4.344 2.551 0.441

301909 206 1.0974 0.9797 4.947 2.926 0.514
Other general industrial machinery and equipment 0.9717 0.8661 4.249 2.546 0.452
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

302101 207 1.1876 1.0725 5.270 3.386 0.568
Mining, civil engineering and construction machinery 1.0554 0.9550 4.558 2.970 0.504

302201 208 0.8894 0.7797 3.977 2.423 0.419
Chemical machinery 0.7795 0.6827 3.379 2.083 0.366

302301 209 0.7076 0.5874 3.080 1.844 0.329
Industrial robots 0.6088 0.5054 2.558 1.537 0.280

302401 210 0.8735 0.7706 3.659 2.354 0.395
Metal machine tools 0.7784 0.6876 3.128 2.058 0.347

302402 211 0.9180 0.8082 3.767 2.425 0.402
Metal processing machinery 0.8260 0.7251 3.278 2.148 0.360

302901 212 1.1600 1.0208 5.070 3.181 0.546
Agricultural machinery 1.0288 0.9052 4.364 2.769 0.482

302902 213 0.9590 0.8392 4,131 2.642 0.445
Textile machinery 0.8322 0.7294 3.447 2.241 0.381

302903 214 1.1338 1.0340 4,993 2.888 0.494
Food processing machinery 0.9754 0.8884 4.179 2.432 0.423

302904 215 0.8186 0.6851 3.672 2191 0.392
Semiconductor making equipment 0.6871 0.5741 2.965 1.777 0.325

302909 216 0.8398 0.7205 3.773 2.319 0.400
Other specia industrial machinery 0.7295 0.6263 3.171 1.977 0.346

303101 217 1.0830 1.0097 4.506 3.097 0.488
Metal molds 0.9799 0.9172 3.906 2.783 0.437

303102 218 1.6527 1.5195 6.547 3.686 0.645
Bearings 1.4724 1.3485 5.626 3.178 0.569

303109 219 1.1605 1.0343 5.265 3.375 0.554
Other general machines and parts 1.0165 0.9099 4.374 2.867 0.475

311101 220 0.7688 0.5827 3.704 2.274 0.393
Copy machine 0.6421 0.4876 3.058 1.874 0.329

311109 221 0.7106 0.5220 3.351 2.000 0.365
Other office machines 0.5956 0.4369 2.768 1.639 0.306
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* TOE=10"kcal ** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

311201 222 0.7014 0.5662 3.396 1.902 0.362
Machinery for service industry 0.6014 0.4858 2.867 1.594 0.312

321101 223 0.7210 0.5380 3.350 1.984 0.356
Electric audio equipment 0.5941 0.4420 2.694 1.589 0.291

321102 224 0.7074 0.5269 3.539 2.028 0.353
Radio and television sets 0.5811 0.4323 2.850 1.635 0.288

321103 225 0.6771 0.5015 3.123 1.861 0.320
Video recording and playback equipment 0.5503 0.4057 2.409 1.441 0.252

321201 226 0.8326 0.6461 3.830 2.326 0.398
Household electric appliance 0.7016 0.5433 3.134 1.901 0.331

331101 227 0.5753 0.4122 2.749 1574 0.285
Electric computing equipment (main parts) 0.4494 0.3209 2.094 1.195 0.221

331102 228 0.6599 0.4774 3.060 1.763 0.315
Electric computing equipment (accessory equipment) 0.5150 0.3710 2.319 1.335 0.243

332101 229 0.6758 0.4900 3.157 1932 0.330
Wired communication equipment 0.5632 0.4066 2.550 1573 0.270

332102 230 0.6509 0.4739 3.088 1871 0.326
Radio communication equipment 0.5327 0.3864 2.449 1.486 0.264

332109 231 0.5857 0.4422 2.765 1.608 0.299
Other communication equipment 0.4965 0.3743 2.274 1.331 0.251

333101 232 0.5637 0.4070 2.729 1.498 0.279
Applied electronic equipment 0.4634 0.3327 2.172 1.187 0.226

333201 233 0.5646 0.4231 2.684 1.550 0.285
Electronic measuring instruments 0.4590 0.3437 2.100 1.212 0.228

334101 234 0.7366 0.5143 2.950 1.857 0.294
Semiconductor devices and integrated circuits 0.6399 0.4424 2.387 1.529 0.240

335901 235 1.0668 0.7775 7.559 3.483 0.585
Electron tubes 0.9493 0.6884 6.676 3.059 0.511

335902 236 0.9397 0.6615 4,735 2.579 0.423
Liquid crystal devices 0.7923 0.5530 3.879 2.100 0.344
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

335903 237 1.2178 0.8851 5.023 3.443 0.546
Magnetic tapes and discs 1.0636 0.7711 4.351 2974 0.475

335909 238 0.6617 0.4734 3.008 1.781 0.310
Other electronic components 0.5625 0.3989 2.394 1.433 0.252

341101 239 1.0281 0.8599 4414 2.845 0.455
Rotating electrical equipment 0.8868 0.7417 3.580 2.344 0.378

341102 240 0.7313 0.5898 3.342 2.064 0.348
Relay switches and switchboards 0.6122 0.4950 2.663 1.666 0.284

341103 241 0.9188 0.7572 4.306 2.637 0.461
Transformers and reactors 0.7673 0.6336 3.429 2.105 0.376

341109 242 0.7726 0.6040 3.542 2.262 0.386
Other industrial heavy €electrical equipment 0.6552 0.5117 2.884 1.857 0.321

342101 243 0.9005 0.6884 4,164 2.404 0.421
Electric lighting fixtures and apparatus 0.7736 0.5883 3.473 1.996 0.356

342102 244 1.1076 0.8458 5.309 3.831 0.537
Batteries 0.8932 0.6803 3.954 3.004 0.411

342103 245 0.9202 0.6590 5.027 2.617 0.469
Electric bulbs 0.7849 0.5581 4,148 2.128 0.387

342104 246 0.8203 0.6356 3.764 2.337 0.384
Wiring devices and supplies 0.6845 0.5284 2.969 1.856 0.310

342105 247 0.8561 0.6951 3.925 2.376 0.398
Electrical equipment for internal combustion engines 0.7323 0.5932 3.198 1.942 0.330

342109 248 0.9944 0.7282 4.860 2.944 0.465
Other electrical devices and parts 0.7289 0.5253 2.868 1.870 0.289

351101 249 0.9448 0.7560 4,733 2.834 0.478
Passenger motor cars 0.8279 0.6616 4.077 2.438 0.417

352101 250 0.9698 0.7754 4,724 2.924 0.489
Trucks, buses and other cars 0.8498 0.6784 4.059 2518 0.426

353101 251 0.9353 0.7474 4,391 2.738 0.465
Two wheel motor vehicles 0.8193 0.6541 3.750 2.345 0.404
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

354101 252 1.2253 1.0675 5.368 3.195 0.544
Motor vehicle bodies 1.0770 0.9361 4,588 2.741 0.475

354102 253 0.9884 0.7932 4,141 2.804 0.448
Internal combustion engines for motor vehicles and parts 0.8790 0.7046 3.451 2.400 0.385

354103 254 1.0755 0.8888 4.635 3.081 0.499
Motor vehicle parts and accessories 0.9469 0.7832 3.924 2.652 0.432

361101 255 1.4164 1.3028 5.913 3.473 0.603
Steel ships 1.2452 1.1454 5.010 2.964 0.526

361102 256 1.0759 0.8411 4,785 2.703 0.499
Ships except steel ships 0.9436 0.7351 4.071 2.299 0.432

361103 257 1.2021 1.0537 4.979 3.439 0.548
Internal combustion engines for vessels 1.0902 0.9561 4.343 3.074 0.492

361110 258 1.1466 1.0489 4,970 2.988 0.503
Repair of ships 1.0008 0.9186 4,165 2.520 0.434

362101 259 1.3146 1.1671 6.238 3.483 0.618
Rolling stock 1.1429 1.0158 5.268 2.937 0.532

362110 260 1.3394 1.1730 5.486 5.948 0.645
Repair of rolling stock 1.2202 1.0692 4811 5.562 0.585

362201 261 0.5811 0.4355 2.915 1.623 0.293
Aircrafts 0.4748 0.3555 2.298 1271 0.234

362210 262 0.4443 0.3286 2.251 1.217 0.222
Repair of aircrafts 0.2667 0.1951 1.318 0.696 0.130

362901 263 0.7697 0.6141 3414 2.126 0.370
Bicycles 0.5967 0.4736 2.469 1.546 0.275

362909 264 0.9757 0.8464 4.419 2.706 0.461
Other transport equipment 0.8660 0.7509 3.820 2.364 0.408

371101 265 0.6232 0.4450 2919 1.764 0.304
Camera 0.5082 0.3614 2.309 1.405 0.244

371109 266 0.8144 0.5858 4.632 2.306 0.403
Other photographic and optical instruments 0.7174 0.5126 3.960 1.956 0.342
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

371201 267 0.7046 0.5214 3.778 2.061 0.371
Watches and clocks 0.5433 0.3996 2.648 1.439 0.265

371901 268 0.7010 0.5507 3.324 1.852 0.341
Professional and scientific instruments 0.6158 0.4814 2.849 1579 0.296

371902 269 0.6725 0.5204 3.364 1.795 0.341
Analytical instruments, testing machine, measuring instruments 0.5682 0.4388 2.745 1.445 0.282

371903 270 0.7783 0.5855 3.551 2.236 0.375
Medical instruments 0.6441 0.4839 2.829 1.798 0.304

391101 271 0.7995 0.5758 4.556 2.398 0.506
Toys 0.6612 0.4764 3.772 1.918 0.424

391102 272 1.0950 0.8240 5.885 3.539 0.639
Sporting and athletic goods 0.9371 0.7053 4.962 2.968 0.543

391901 273 0.7024 0.5140 4.068 1.955 0.445
Musical instruments 0.5930 0.4340 3.469 1.623 0.384

391902 274 0.9622 0.6739 4.446 2.618 0.491
Audio and video records, other information recording materials 0.8502 0.5942 3.937 2.274 0.435

391903 275 0.8899 0.6538 4,701 2.502 0.514
Writing instruments and stationery 0.7746 0.5681 4.093 2.134 0.449

391904 276 1.1665 0.8690 14.681 7.718 1.328
Small personal adornments 0.7894 0.5871 10.273 5.695 0.949

391905 277 0.5265 0.3940 4.683 1.503 2.228
"Tatami" (straw matting) and straw products 0.4289 0.3205 3.958 1.202 2.139

391906 278 0.8552 0.6902 4,793 2.787 0.579
Ordnance 0.7173 0.5816 3.941 2.242 0.497

391909 279 1.0030 0.7430 5.939 3.593 0.638
Miscellaneous manufacturing products 0.8512 0.6312 4.982 3.037 0.541

411101 280 0.6298 0.5348 4.821 1.701 0.505
Residential construction (wooden) 0.5405 0.4660 4.140 1.428 0.439

411102 281 0.8537 0.7986 6.026 2.163 0.652
Residential construction (non-wooden) 0.7612 0.7223 5.440 1.872 0.597
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
411201 282 0.6454 0.5729 4,986 1.720 0.497
Non-residential construction (wooden) 0.5569 0.5036 4.293 1.453 0.432
411202 283 0.8773 0.8239 6.014 2.206 0.646
Non-residential construction (non-wooden) 0.7865 0.7469 5.465 1.920 0.596
412101 284 0.8431 0.7634 5.962 2.272 0.679
Repair of constructions 0.7483 0.6849 5.389 1.966 0.624
413101 285 0.9934 1.0190 11.485 2.653 0.951
Public construction of roads 0.9210 0.9580 11.063 2.439 0.914
413102 286 0.9137 0.9955 9.696 2.352 0.780
Public construction of rivers, drainages and others 0.8454 0.9377 9.292 2.150 0.744
413103 287 1.0084 1.0305 14.044 2.542 0.959
Agricultural public construction 0.9366 0.9709 13.622 2.331 0.921
413201 288 1.0352 1.1439 9.708 2.841 0.745
Railway construction 0.9266 1.0505 9.043 2.456 0.686
413202 289 0.8065 0.7499 6.969 2.215 0.588
Electric power facilities construction 0.7126 0.6727 6.402 1.879 0.537
413203 290 0.7104 0.6475 5.834 2113 0.515
Telecommunication facilities construction 0.6173 0.5744 5.260 1.770 0.462
413209 291 1.0037 1.0521 10.376 2.694 0.815
Other civil engineering and construction 0.9185 0.9794 9.869 2.434 0.769
511101 292 9.8129 6.1193 17.150 13.712 1.613
Electric power for enterprise use 9.7037 6.0353 16.610 13.401 1.561
511104 293 19.4375 17.9855 87.276 73.410 8.295
Onsite power generation 19.1469 17.7546 85.808 72.531 8.156
512101 294 0.6153 0.4251 3.109 1.418 0.314
Gas supply 0.4869 0.3313 2.539 1.094 0.258
512201 295 3.9970 29151 11.457 14.279 1.300
Steam and hot water supply 3.9452 2.8765 11.201 14.130 1.275
521101 296 0.9009 0.6043 2.458 1.627 0.270
Water supply 0.8658 0.5776 2.277 1517 0.252
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
521102 297 0.9941 0.6553 2.670 1.621 0.273
Industrial water supply 0.9686 0.6356 2.524 1.539 0.259
521103 298 21716 1.6348 6.222 14.333 1.272
Sewage disposal 21184 1.5947 5.945 14.168 1.245
521201 299 0.8877 2.9683 15.001 2.587 12.353
Waste disposal services (public) 0.8482 2.9391 14.778 2.468 12.331
521202 300 0.6654 2.0570 6.199 2231 2.860
Waste disposal services (industrial) 0.6264 2.0282 5971 2.110 2.838
611101 301 0.3149 0.2302 2.012 0.851 0.215
Wholesale trade 0.2876 0.2105 1.824 0.780 0.198
611201 302 0.4883 0.3455 2.255 1.427 0.252
Retail trade 0.4620 0.3270 2.105 1.341 0.236
621101 303 0.1814 0.1260 0.850 0.459 0.100
Financia service 0.1622 0.1128 0.734 0.396 0.087
621201 304 0.2577 0.1808 1.276 0.657 0.146
Lifeinsurance 0.2327 0.1635 1.125 0.575 0.129
621202 305 0.2296 0.1614 1.116 0.587 0.127
Non-life insurance 0.2068 0.1454 0.974 0.510 0.112
641101 306 0.2883 0.1959 0.981 0.587 0.104
Real estate agencies and managers 0.2728 0.1848 0.884 0.538 0.095
641102 307 0.3028 0.2092 0.954 0.614 0.102
Real estate rental service 0.2926 0.2016 0.894 0.581 0.096
642101 308 0.0720 0.0601 0.435 0.196 0.048
House rent 0.0649 0.0546 0.392 0.173 0.044
711101 309 0.8175 0.5966 2.557 1.934 0.370
Railway transport (passengers) 0.7862 0.5725 2.386 1.835 0.353
711201 310 1.2485 0.8959 3.898 3.173 0.770
Railway transport (freight) 1.2096 0.8656 3.689 3.053 0.749
712101 311 1.0057 0.7709 22.680 2.565 2.385
Bus transport service 0.9719 0.7469 22.524 2.466 2.370
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
712102 312 0.7829 0.5410 5.619 1.259 0.344
Hired car and taxi transport 0.7572 0.5229 5.503 1.185 0.333
712201 313 1.4364 1.1008 26.373 4.050 3.012
Road freight transport service 1.3945 1.0712 26.182 3.930 2.994
713101 314 3.8731 2.8991 11.736 6.937 1.467
Transport by private cars (passengers) 3.7163 2.7885 11.072 6.507 1.405
713201 315 4.1218 3.1436 75.347 9.358 7.700
Transport by private cars (freight) 3.9754 3.0398 74.716 8.948 7.640
714101 316 13.2929 10.7533 1042.742 705.027 43.971
Ocean transport 7.8894 6.3856 622.473 420.997 26.230
714201 317 3.2223 2.5836 177.331 104.101 9.610
Coastal and inland water transport 3.1587 2.5357 176.968 103.877 9.574
714301 318 0.4385 0.3384 15.175 7.024 0.801
Port transport service 0.4186 0.3235 15.066 6.959 0.790
715101 319 4.0172 3.0137 41.699 1.368 2.634
Air transport 3.9271 2.9502 41.207 1.142 2.590
716101 320 0.5454 0.4038 7.020 1.292 0.803
Freight forwarding 0.5161 0.3833 6.851 1.204 0.786
717101 321 0.6011 0.3977 1.890 1121 0.202
Storage facility service 0.5782 0.3809 1.759 1.045 0.188
718101 322 0.6774 0.4861 3.780 2.198 0.479
Packing and crating service 0.5873 0.4228 3.274 1.894 0.417
718901 323 0.4073 0.2814 1.608 0.761 0.177
Facility service for road transport 0.3898 0.2682 1.504 0.703 0.166
718902 324 0.5278 0.4333 6.428 4,529 0.842
Port and water traffic control 0.4972 0.4091 6.247 4434 0.825
718903 325 0.1733 0.1472 1.802 1.309 0.247
Services relating to water transport 0.1621 0.1388 1.728 1.274 0.240
718904 326 0.6168 0.4202 2.284 1.166 0.248
Airport and air traffic control (public) 0.5825 0.3953 2.091 1.052 0.227
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

718905 327 0.8079 0.5417 3.276 1.476 0.356
Airport and air traffic control (industrial) 0.7721 0.5161 3.080 1.356 0.334

718906 328 0.3680 0.2523 1.758 0.823 0.203
Services relating to air transport 0.3441 0.2349 1.600 0.727 0.185

718909 329 0.3385 0.2270 1.437 0.759 0.159
Travel agency and other services relating to transpor 0.3082 0.2061 1.251 0.656 0.139

731101 330 0.3926 0.2892 5.218 1.258 0.464
Postal service 0.3449 0.2538 4,278 0.787 0.414

731201 331 0.2620 0.1840 1.205 0.597 0.133
Domestic telecommunication (except mobile communication) 0.2443 0.1712 1.088 0.542 0.121

731202 332 0.1837 0.1338 0.893 0.464 0.105
M obile communication 0.1692 0.1234 0.803 0.414 0.095

731203 333 0.3086 0.2175 1.374 0.692 0.150
International telecommunication 0.2859 0.2009 1231 0.625 0.136

731909 334 0.2631 0.1863 1.050 0.485 0.112
Other services relating to communication 0.2472 0.1743 0.948 0.437 0.102

732101 335 0.5063 0.3868 2.689 1.117 0.323
Public broadcasting 0.4431 0.3403 2.207 0.965 0.284

732102 336 0.3850 0.2821 2.269 1.114 0.225
Private broadcasting 0.3356 0.2465 1.953 0.984 0.195

732103 337 0.3927 0.2966 2.103 1.023 0.219
Cable broadcasting 0.3557 0.2687 1.884 0.910 0.198

811101 338 0.5206 0.3893 3.053 1.493 0.311
Public administration (central) 0.4627 0.3454 2.710 1.309 0.278

811201 339 0.4850 0.3746 2.340 1515 0.295
Public administration (local) 0.4594 0.3559 2.183 1.428 0.279

821101 340 0.2915 0.2076 1.223 0.699 0.148
School education (public) 0.2756 0.1959 1.116 0.652 0.138

821102 341 0.3385 0.2436 1.682 0.782 0.211
School education (private) 0.3152 0.2269 1.539 0.710 0.197
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Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
821301 342 0.8269 0.5603 2.708 1.636 0.344
Social education (public) 0.7900 0.5344 2.465 1.510 0.319
821302 343 0.6835 0.4478 2.297 1.296 0.260
Social education (private, non-public) 0.6478 0.4231 2.078 1.168 0.235
821303 344 1.0815 0.8037 4.087 5.096 0.536
Other educational and training institutions (public) 1.0447 0.7772 3.834 5.007 0.514
821304 345 0.8205 0.6172 7.264 3.307 0.801
Other educational and training institutions (profit making) 0.7842 0.5919 7.054 3.199 0.779
822101 346 0.6701 0.4430 2.077 1.039 0.203
Research institute for natural sciences (public) 0.6450 0.4251 1.919 0.964 0.187
822102 347 0.1916 0.1362 0.990 0.452 0.114
Research institutes for cultural and social science (public) 0.1754 0.1254 0.890 0.402 0.103
822103 348 0.2857 0.2034 1.360 0.499 0.155
Research institute for natural sciences (private, non-profit) 0.2684 0.1911 1.245 0.449 0.144
822104 349 0.1819 0.1387 0.823 0.405 0.119
Research institutes for cultural and social science (private, non-profit) 0.1668 0.1287 0.734 0.352 0.108
822105 350 0.6741 0.4764 2401 1.701 0.437
Research institute for natural sciences (profit-making) 0.6461 0.4569 2.248 1.612 0.420
822106 351 0.2975 0.2019 1.637 0.807 0.198
Research institutes for cultural and social science (profit-making) 0.2639 0.1796 1415 0.697 0.174
822201 352 0.7028 0.4806 2.563 1711 0.364
Research and development (intra-enterprise) 0.6562 0.4479 2.295 1.545 0.334
831101 353 0.7127 0.5166 3.396 2.253 0.3%4
Medical service (public) 0.6460 0.4677 2.997 2.015 0.353
831102 354 0.5897 0.4268 2.861 1.798 0.330
Medical service (non-profit foundations, etc.) 0.5362 0.3875 2.530 1.601 0.296
831103 355 0.5702 0.4103 2.782 1.725 0.319
Medical service (medical corporations, etc.) 0.5172 0.3714 2.439 1.529 0.285
831201 356 0.3934 0.2935 2.059 1.225 0.257
Health and hygiene (public) 0.3632 0.2720 1.901 1.120 0.239
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**

831202 357 0.5743 0.4336 2.828 1.391 0.393
Hedlth and hygiene (private, non-profit) 0.5275 0.4000 2.578 1.228 0.365

831203 358 0.5647 0.4278 3.427 1.647 0.458
Hedlth and hygiene (profit making) 0.5061 0.3860 3.118 1.445 0.423

831301 359 0.5349 0.3576 1.773 1.009 0.191
Social insurance (public) 0.5077 0.3379 1.599 0.907 0.174

831302 360 0.5699 0.3879 2.052 1.213 0.229
Social insurance (private, non-profit) 0.5370 0.3642 1.846 1.0901 0.208

831303 361 0.4386 0.3095 2.485 1.232 0.281
Social welfare (public) 0.4021 0.2828 2.093 1.001 0.243

831304 362 0.4754 0.3379 2.774 1.396 0.311
Social welfare (private, non-profit) 0.4327 0.3065 2.325 1.130 0.267

841101 363 0.4607 0.3318 2.362 1.638 0.268
Private non-profit organizations serving enterprises 0.4082 0.2945 2.050 1.448 0.234

841102 364 0.3807 0.2700 2.055 1.000 0.235
Private non-profit organizations serving households, n.e.c. 0.3396 0.2414 1.791 0.858 0.207

851101 365 0.6335 0.4213 3.058 2.081 0.400
Advertising services 0.5545 0.3704 2.608 1.819 0.342

851201 366 0.3209 0.2208 1.539 0.834 0.179
Information service 0.2890 0.1989 1.345 0.731 0.158

851202 367 0.3117 0.2234 1.947 0.741 0.194
News syndicates, and private detective agencies 0.2678 0.1918 1.624 0.635 0.166

851301 368 0.2000 0.1478 1.127 0.519 0.118
Goods rental and leasing (except car renting) 0.1745 0.1287 0.962 0.438 0.103

851401 369 0.1952 0.1438 1.790 0.425 0.177
Car rental and leasing 0.1814 0.1337 1.714 0.382 0.169

851510 370 0.6529 0.5041 3.335 2.036 0.349
Repair of motor vehicles 0.5732 0.4416 2911 1.762 0.307

851610 371 0.6405 0.4970 3.120 1.597 0.316
Repair of machine 0.5542 0.4271 2.653 1.331 0.272
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* TOE=10"kcal

** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM

code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
851901 372 0.2398 0.1760 1.540 0.669 0.174
Building maintenance services 0.2112 0.1554 1.357 0.572 0.156
851902 373 0.2570 0.1842 1.286 0.549 0.150
Judicial, financial and accounting services 0.2332 0.1678 1.138 0.473 0.134
851903 374 0.3831 0.2645 1.926 0.859 0.243
Civil engineering and construction services 0.3432 0.2384 1.680 0.729 0.214
851904 375 0.0542 0.0375 0.271 0.153 0.030
Worker dispatching services 0.0487 0.0337 0.237 0.136 0.026
851909 376 0.2717 0.1915 1.316 0.672 0.134
Other business services 0.2452 0.1723 1.096 0.566 0.116
861101 377 0.4412 0.3147 2174 0.954 0.229
Motion picture production, and supply 0.3830 0.2727 1.823 0.801 0.195
861102 378 1.0214 0.6987 3.489 2424 0.378
Movie theaters 0.9695 0.6612 3.189 2.283 0.349
861103 379 0.5280 0.3638 1.996 1.141 0.212
Theater and entertainment facilities 0.4963 0.3406 1.810 1.050 0.194
861104 380 0.8615 0.5968 3.218 1.975 0.339
Amusement and recreation facilities 0.8215 0.5680 2,984 1.844 0.315
861105 381 0.3862 0.2762 2.093 0.979 0.226
Stadiums and companies of bicycle, horse, motorcar and motorboat race 0.3613 0.2582 1.940 0.900 0.210
861106 382 0.4485 0.3290 2.333 1.144 0.267
Sport facility service, public gardens and amusement parks 0.4185 0.3074 2.165 1.049 0.249
861107 383 0.4346 0.3188 2.404 0.979 0.253
Theatrical companies 0.3775 0.2771 2.000 0.832 0.218
861109 384 0.3611 0.2724 1.655 0.813 0.199
Other amusement and recreation services 0.3406 0.2577 1.539 0.746 0.187
861201 385 0.7203 0.5220 5.785 3.168 0.660
General eating and drinking place (except coffee shops) 0.6326 0.4558 4.485 2.448 0.532
861202 386 0.8073 0.5663 4.338 2.395 0.519
Coffee shops 0.7338 0.5113 3.593 1.964 0.438
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* TOE=10"kcal ** MY=Million yen

Embodied energy and emission intensity on producer price basis

Column  Sector Sector name Energy CO, NO, SO, SPM
code number TOE*/IMY** t-CIMY** kg/MY** kg/MY** kg/MY**
861203 387 0.5881 0.4217 3.812 2.061 0.445
Eating and drinking places for preasures 0.5293 0.3776 3.087 1.655 0.371
861301 388 0.7253 0.5445 4.337 2.353 0.545
Hotel and other lodging places 0.6631 0.4983 3.597 1.940 0.473
861901 389 0.6485 0.4899 3.249 1.076 0.426
Cleaning, laundries and dyeing services 0.6196 0.4691 3.092 0.988 0.409
861902 390 0.3695 0.2636 1.400 0.486 0.143
Barber shops 0.3515 0.2506 1.299 0.428 0.132
861903 391 0.3351 0.2421 1.493 0.613 0.163
Beality shops 0.3090 0.2232 1.324 0.516 0.146
861904 392 1.7417 1.2506 5.164 5.137 0.799
Public baths 1.7026 1.2223 4973 5.015 0.779
861905 393 0.4431 0.3252 3.115 1.273 0.358
Photographic studios 0.3873 0.2854 2.823 1.074 0.324
861906 394 0.7109 0.5176 3.515 1.661 0.431
Ceremonia occasions 0.6727 0.48%4 3.275 1518 0.407
861907 395 0.6309 0.4972 3.287 1.288 0.415
Miscellaneous repairs, n.e.c 0.5783 0.4578 2.973 1.126 0.384
861908 396 0.3773 0.2674 1.651 0.780 0.183
Places for private lessons 0.3548 0.2510 1512 0.703 0.169
861909 397 0.4894 0.3633 2.395 1.021 0.279
Other personal services 0.4566 0.3390 2.173 0.895 0.258
890000 398 1.6464 1.0575 8.138 6.375 1.254
Office supplies 1.3706 0.8852 6.837 5.297 1.047
900000 399 0.5871 0.4930 4.308 2112 0.413
Activities not elsewhere classified 0.5342 0.4529 3.770 1.792 0.374
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