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In this research, first, emission of NO;, SO, and CO, were calculated by multiplying the obtained energy
consumption for each fuel type by its corresponding emission factors by sectors. And then, the Input-Output
table of 1987, 1990, 1992, 1995 and 1997, was consolidated to convert a perfectly square matrix with 26
rows and 26 columns for calculation for the embodied energy consumption and emissions intensity. Using

these 5 years data, the GDP was chose as the explanatory variable in the regression analysis for the

prediction of embodied energy consumption and emission intensity till year of 2020. Intensities in more

detail sectors (124 sectors) were calculated by averagely distribution energy consumption.
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1. Introduction

In input-output tables, which were originated by
Wassily Leontief, 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. Input-Output analysis is a
powerful tool for tracing environment impact of
final demand of goods, Because it considerate not
only direct impact of the goods but also includes
impacts originating from production layer of
infinite order (capturing the entire economy).
Considering of the similarity between 1/O analysis
and LCA, the Life Cycle Inventory which takes the
form of a table summing up resource inputs and
waste outputs is a type of “input-output table”. This
method has been used in Life Cycle Assessment
(LCA), and various analyses have been conducted

on energy consumption and CO, emissions"?.

In China, a lot of researches have been focused on
the energy consumption and accompanying
emissions. Scenario analysis has been used by
Liang et al. for analysis of energy requirement of
2010 and 2020, the influences of population,
income and urbanization to the energy requirement
and energy consumption intensity of three
industries were analyzed. The result shows, the -
population and income have great influence to the
energy requirement but have little influence to
energy intensity. The technology development has
great impact to energy consumption intensity.”
Research by Zhang has shown that the energy
intensity fallen in China’s industrial sector in the
1980’s, the reasons are technology improvement
and structural shifts away from energy-intensive
industrial sub-sectors to less energy-intensive
industrial ones.”

“Life Cycle Thinking”, aiming at evaluating not
only direct environmental burdens associated with
economic activity, but indirect- and/or induced

burdens, is an essential viewpoint when we try to
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analyze the circulation of resources and wastes
throughout the economy”. Zheng Lu have used /O
table to analyze the change in energy consumption
in china®, the result shows with the increase of total
consumption, the embodied

energy energy

consumption intensity decreased from 1987 to 1997.

In this research, we try to not only analyze the
embodied energy intensity but also embodied
emission intensity, furthermore, the prediction of
energy and emission intensity were made till 2020.

2. Method

(1) Data

In this research, the input-output tables were
consolidated several sectors to convert into a square
matrix with 26 rows and 26 columns. Next, gross
consumption, expressed as physical amount for
each sector, was estimated for 8 types of fuels. In
China, since the first SNA (System of National
Accounts) Input-Output Table for 1987 was
compiled, every 5 years, for 1992 and 1997 another
2 Input-Output Table were published, and there
were also two extended table for 1990 and 1995 ©.

For the statistic data of energy consumption, there
are Chinese Energy Statistic Book for 1986, 1989,
1991-1996, 1997-1999, and 2000-2002 7.

Besides all above mentioned data, there was an
Input-output table of Japan and China in 1987 for
the analysis of energy and environment analysis,
which was compiled by Institute of Economy Trade
and Industry of Japan

(2) Prediction of Embodied Intensity

[nput-output analysis is a top-down economic
technique that use sectoral monetary transactions
data to account for the complex interdependencies
of industries in modern economies. Within the
scope of life-cycle assessment,
input-output analyses result in an f x n matrix E of
factor multipliers, that is, embodied consumption or
emission of f production factors (such as water,
energy, resource and emissions) per unit of final
demand of commodities produced by n industry

sectors. Matrix F is an f x n matrix containing

generalized -

sectoral production factor usage (such as direct
energy consumption, CO,, NO,, SO, emissions
factor). Matrix A is an n % n direct coefficient
matrix of Input-Output table.

E=F{-4}" (M

where I is the n X r unity matrix.

Using Equation (1) the embodied emission
intensity in 1987, 1990, 1992, 1995 and 1997 were
calculated. Considering of if’s well correlativity
with GDP, the GDP was chose as the explanatory
variable in the regression analysis for the prediction
of embodied energy consumption and emission
intensity till year of 2020.

(3) Calculation of Embodied
Subtracting Imported Burdens
Using the equation (1), there left one problem,

Intensity

since it is difficult to make an accurate estimate of
environmental burdens for imported products. The
following method involves calculating the
environmental burden for only domestic production
activities, and excludes inputs from imported
products.

The import coefficients m; that represent
percentages of imported products with respect to
intermediate demand and domestic final demand in
sector { were expressed in diagonal Matrix M, using
(I-M)A, the environmental burden for imported
products was subtracted. Therefore the equation (2)
provided embodied intensity for domestic producer
goods, giving an accurate value for actual embodied

burdens domestically generated.
E=F{{-(I-M)4 }" 2

In the aforementioned input-output tables, only the
1/O table of 1997 and 1/O table of Japan and China
in 1987 have gave import and export data separately.
Therefore the embodied intensity calculated by
Equation (2) was used just for calculating for the
year of 1987 and 1997, and the comparison of these
two years data were made.

(4) Emission factors
In the research, at the first step, the energy
consumption by 8 types of fuel (coal, coke, crude

-304 -



oil, gasoline, diesel, kerosene, fuel oil and nature
gas) was calculated by 26 sectors according with
the 26 sectors of /0 table. And then by multiplying
the emission factors of NO,, CO, and SO,, the
direct emission amount could be calculated.

Di,j = Ei,j X Ef;j 3)

Where, D emission by

consumption of fuel type i in sector j; E;; indicates

indicates  direct
direct energy consumption of fuel type i in sector j.
And Ef;; indicates emission factor by fuel type 7 in
sector J.

Because there weren’t special emission factors of
CO, for China, in this research, emission factor of
Japan will be used for the calculation. After data
collection, three emission factors have been found
and shown in table 1, emission factor of Japan in
Investigation Report of CO; Emission in 1992 and
2000, emission factor of IPCC®. And the emission
factor of Japan in Investigation Report of CO,
Emission of Japan in 2000 is the newest data, and is

Table 1 Emission factors of CO,

about middle value in these three emission factors,
therefore it was chosen for the calculation.

The SO, emissions are very different according to
different fuel types, sulfur content of fuel and
combustion method. In the research, it is assumed
from 1987 to 1997, the desulfurization equipment
weren’t used in China. In fact the sulfur content
changes through years, but because lack of
available data, from 1987 to 1997 the same sulfur
content were used for calculation. Besides coal and
coke, the sulfur in other fuels will 100% emitted to
the atmosphere. In the iron and steel industry part
of sulfur will be absorbed into the products. The
final emission factors were shown in table 2. The
data of sulfur content came from “Input/Output
table for analysis of energy consumption & air
pollution of Japan & China”?.

EFnox (Emission factor of Nitrogen Oxides) is also
changing with fuel types, form of fuels and nitrogen
content. Therefore it is necessary to find suitable
EFnox by fuel types and industry sectors. Because

A"e\’,:ifeﬂ(;gzalc/f('g ific ke COYGeal® Kg COy/Geal® Kg COy/Geal®
Raw Coal 5333 361.7 378.6 3954
Coke 7211 427.6 450.6 452.1
Crude Oil 10691 286.6 288.1 306.5
Gasoline 11304 280.5 288.1 289.7
Kerosene 11057 283.5 286.6 298.9
Diesel 10918 286.6 289.7 309.6
Fuel Oil 10642 2943 300.4 323.4
Natural Gas 10293 206.9 213.0 234.5
Lime stone 499.7 (kg/t Clinker)

a: CO; Emission factor from Investigation Report of CO, Emission in 1992, Department of Earth Environment, Environmental

Ministry of Japan
b: CO, Emission factor from Investigation Report of CO, Emission in 2000, Department of Earth Envir
Ministry of Japan

t, Envir

c: CO; Emission factor from Revised 1996 IPCC (Intergovernmental Panel on Climate Change) Guidelines for National

Greenhouse Gas Inventories

Table 2 Emission factors of SOx

Sector Coal Coke Crude Resi. Gaso. Kero. Diesel Nat. Gas
NO. oil 0il
Kg/t Kg/t Kg/t Kg/t Kg/t K/t Kgtt  Kg/1000Cu.m
1 Agriculture 14.4° 11.328 10 30 2.4 0.64 32 0.0095
1 Electricity, Steam and Hot 234° 11.328 10 30 24 0.64 32 0.0095
15 valr:::ﬁ?; x:l‘:; 18.6° 345°¢ 10 30 24 0.64 32 0.0095
25 Wholesale, Retail Trade 14.4* 11.328 10 30 2.4 0.64 32 0.0095
26 Severices Others 144° 11.328 10 30 24 0.64 32 0.0095
27 Residential 14.4° 11.328 10 30 2.4 0.64 32 0.0095
Other sectors 18.6° 11.328 10 30 2.4 0.64 32 0.0095

a: EF sox =12*Sulfur content

b: EF 505 =19.5*Sulfur content

¢: EF 50x =15.5*Sulfur content

d: EF 50, =(8.9/6*Sulfur content + 0.774)*2.0 -~-Calculated by the total sulfur content of coke and iron ore

* The calculation method of a, b, ¢, d are came from “Energy Utilization and Earth environment” Edited by National Institute of
Science and Technology Policy of Japan in 1992
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Table 3 Emission factors of NO,  (Kg-NOx/10*Kcal)
No Sestor Cul  Coke Cde RS oo ko D N
ol Of Gas
1 Ageialure 00 %63 484 657 4 W4 431 28
2 Coal Mining 00 %3 434 657 IM2 M4 304 208
3 (CndePemlmand g5 g3 g4 g5y M2 W4 34 A8
Matsral Gas
4 Meoming 00 %3 84 657 M2 WA W04 AR
5 Other Mining 00 %3 434 67 M2 WA 304 28
§  RolMwbwie 500 863 484 65T M2 M4 W04 28
7 MudhreoTeils 00 %63 484 67 M2 W4 304 2R
8 warmgdlute 00 863 484 657 N2 U4 304 U8
9 qwmisamdRoiwre 00 83 484 67 I W4 4 2R
10 Paper,Cultoral Articals 500 863 /4 67 M2 U4 304 28
n PeidpSmanild gy g3 os7 o ms m2 oM 34 65
] "“"“‘;':k;::""“' 00 863 00 657 M2 74 4 855
3 Comiollderis 00 %63 484 657 M2 4 304 A8
Building Material &
W s lWl A 133 IB3 M2 B3 34 4l
j5  [rimMel 149 BE KT W6 M2 M4 N4 855
Manufacturing
16 MetlProdocts S0 167 44 657 M2 W4 4 28
17 Mathinery 500 167 &4 657 M2 M4 34 28
8 TasetBgoe SO0 167 484 67 M2 WA 304 28
19 BeevcMahioey 00 167 484 657 N2 24 304 A8
bl Decronics 500 167 484 657 M2 1A 304 28
Manufacture of
U ke, 0167 #4657 M2 N4 4 N8
n ’"‘"“mﬁ':"'“ 00 167 484 657 M2 M4 N4 A8
B Comtrucion 00 %3 484 67 M2 WA 04 A8
U Trasportand 500 863 484 657 M2 14 04 1SS
communication
25 Wholessle, Retail Trade SO0 %3 484 67 2m2 14 B4 IS
% SeviesOthen 00 %3 484 67 91 W4 145 ISS
bl Residentil W4 WA 4B4 65T JM2 195 304 189
there weren’t suitable EFyo in  China,

HIGASHINO H. TONOOKA Y. had collected
EFnox from USA, West Europe and Japan by
literature review, and set EFyq, that most close to
the situation of China by 8 fuel type and 32 industry
sectors'®. In the research these EFyo, was used for
the calculation and shown in Table 3.

3. Results

(1) Emission intensity
With rapid economic development in China, the
energy consumption and emissions from
combustion of bio-fuel increased through years.
The Fig.1 the

consumption and emissions from 1987 to 2002. The

shows changes of energy
energy consumption and emission reached a peak
value in 1996 and increased again after 3 years
decreasing and reach a new highest value in year of
2002, in this year, 968 million toe (Ton oil
equivalent = 1.0 x 107 kcal) of energy were
consumed, 3693.5 million tons of CO,, 26.76
million tons of SO, and 12.01 million tons of NO,
were emitted, respectively.

In such a situation, with the increasing of total
energy consumption and emission, how will the

3
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1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 :

Fig.1 Emissions and Energy consumption changes
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Fig.2 Energy consumption changes in ‘Electric power’
sector

energy and emissions intensities of final
consumption changed? By using Equation (1) the
embodied intensity in the year of 1987, 1990, 1992,
1995 and 1997 were calculated. Take the energy
consumption in the highest intensity sector ‘Electric
power, steam and hot water supply’ as example, the
result show in Fig.2, the energy consumption
intensity decreased with the increasing of GDP, and
have good correlativity. Under the assumption that
the GDP of China will increase by 7.5% till 2010,
and by 7% from 2010 to 2020, the GDP was used in
the regression analysis for the prediction of
embodied energy consumption and CO, emission
intensity till year of 2020 (Because the SO, and
NO, emission intensity have great correlativity with
the desulfurization and denitrogen equipment, the
prediction was not made for these two emissions).
The correlativity, calculated intensity for the year of
1987, 1990, 1992, 1995 and 1997, predicted
intensity for the year of 2000, 2010 and 2020, as

well as intensity of Japan in year of 2000 (which
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Table 4 Energy consumption intensity changes and prediction

Table 5 CO, emission intensity changes & prediction

Energy consumption intensity TOE/Million Yuan, at constant 2000 price CO; emission infensity (i-CO,/Million Yuan, af consant 2000 price)
Sector R Calculated Value Predicted Value ng;?: Sector 3 Calculated Value Predicted Value Japan
1987 | 1990 | 1992 | 1995 {1997 [ 2000 | 2000 [ 2020 | D2 T087 | 199 | 1992 | 1995 ] 1997 | 3000 | 2010 | 2020 Dua
2> O R M T 12 67 | 251 | 264 | 266 | 29 | 317 | 214 | 186 | 164 | 3
o e e L BT e e : .94 | 2636 | 2435 | 766 | 1762 | 1374 | 1278 | 713 | 491 | 43
55 Sor oy T2 wr o o1 8 - ; T10_| 73 | 730 | 656 | 592 | 590 | 49 | 428 -
53 i e T T o " - 84| 1033 | 1055 | 1052 [ 790 | 692 | o 5033
0 a1 2 T3 75T % T 97 | 1318 | 950 | 907 | 636 | 528 | &3 7 1116 -
o 0 55T 98 701 2 59 | 403 5 9 | 340 | 305 | 30 B | %
7 X % 1T T8l : 52| 53 S 4 | 498 | 360_| 388 ng |3
99 19 1 I 119 97 ~ .4 392 7 4 397 284 312, 185 -
97 13 T 155 |14z |1 75 95 | 1028 | J044 | 830 | 528 | 423 | 354 | 163 |8 -
997 1447 [ 1336 | 1133 | 921 | 802 | 706 28 | 190 85 | 70 | 779 | 693 | S6I | 525 | 490 | 364 | 27 |55
9% 8 369 17362 ] 356 | 332 232 28 .99 | 5550 | 5184 | 4440 | 3611 | 3115 | 2760 | 1732 | 1132 | 219
%% 1 287 | 244 |27 1193 86 2 ; 767 | 806 | 803 | 681 | 652 | 636 | 541 70
97 9 378 | 326 | 253 | 207 | 132 | 81 2 227 [ 1300 | 1080 | 908 | 790 | 734 | 502 59
82 466_[ 389 | 430 | 327 | 201 | 129 243 | 2100 | 1845 | 1640 | 1275 | 1209 | 794 139
88 321 | 298 | 227 47 1200 1 132 | 01 ¥ 99 | 1777 | 1412 | 1148 | 1243 | 999 | 655 | 44 266
98 285 | 234 8 80 | 151 | 94 61 o1 | 1179 | 1097 | 985 | 7 791 | 660 | 450 il
90 27 %8 7 701139 | 88 E 85 | 869 | 995 | 802 | 6 7 1| 359 [ 252 | 41
92 303 1 29 37 | 194 | 20 9 { 115 8 - 62 | 730 | 964 | 6% | 587 T30 [ 25 | @
88 87 | 201 1 163 | 12 8 1 4 10 X 963 | 1008 | 809 | 647 7 7 [ 3% | 21
81 99 122 G | 14 8 S 9 : -
7] 30 o1 | 274 | 219 | 708 565 13 37 | 498 | 75 | 595 [ 436 416 2. 2
z T R o o 2 2 567_| 800 | 593 | 02 | 481 | 453 2 2
G 200 T Tor T 170 T i3 5T % p) I 875 | 975 | 791 | i | 3% | 45
COI Y TS A B B B L - 89 | 1028 | 1133 | 851 | 699 | 662 | 575
: T T3 T s T 5T T 6 T . 97 | 788 | 685 | 620 | 510 | 509 | 435 | 30
GDP (Billion Yuan) al 74 | 382 | 469 | 386 | 258 | 268 | 231 | 15 -
D oon Yuanal | 841 | 3417 | 4261 | 6017 | 7175 | 8947 | 18888 | 37155 T T TS -

was converted into per Million Yuan intensity by
using exchange rate in 2000) were shown in table 4
and table 5.

The results shows the embodied intensity of China
decreased year by year, and the decrease rate was
quit higher, from 1987 to 1997, embodied intensity
in some sector decreased 50%, for example in 2™
sector ‘Coal mine’, the energy intensity decreased
from 696 to 328 TOE/Million Yuan. Embodied
intensity in most sector decreased 30-50% percent
from 1987 to 1997. It is very different from Japan,
compare embodied energy intensity in 1990 and
2000, embodied intensity in most sectors decreased
or increased within 10%. In the table 4 and table 5,
it is clearly, with the predicted intensity decrease to
year of 2020, the embodied intensity is still much
higher than that of Japan. The energy intensities in
most sectors in the year of 2020 are 4-6 times of
that of Japan in 2000.

(2) Emission intensity subtracting imported
burdens

Fig.3 shows sectoral direct energy consumption
and contribution of each sector to the total energy
consumption from the viewpoint of induced
consumption by final demand. The total energy
consumption (nuclear, hydro and other forms of
power generation were not included) was estimated
to be 929 M toe, emissions accompanied with the
energy consumption was estimated 3467 Mt-CO,/yr,
26.03 Mt-SOy/yr and 10.4 Mt-NO,/yr, respectively.

For direct energy consumption, the direct energy
consumption of 11" sector ‘Electric power, steam
and hot water supply’ is the highest among 26
sectors with total consumption of 270 M toe,
15"
Manufacturing” which consumed

followed by sector ‘Primary Metal
132 M toe
directly.

For energy consumption induced by final demand,
the 23 sector ‘Construction’ directly and indirectly
induced 223 M toe, although the direct energy
consumption was only 2.8 M toe. Similarly, the 26
sector ‘Services Others’ induced 107 M toe of
energy consumption with only 9.8 M tce of directly

consumption.
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Fig.3 Direct and Induced Energy consumption in 1997

Fig.4 shows the embodied energy and emission
intensity by 26 sectors in 1987 and 1997. Compare
to embodied energy and emission intensity in 1987,
it was clarified, the intensity in 1997 decreased in
each sectors. Embodied energy and emission
intensify of 11™ sector ‘Electric power, steam and
hot- water supply’ is the highest with energy

intensity of 1429 toe/Million Yuan and emission
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Fig.4 Embodied Energy and Emission Intensity in 1987 and 1997

intensity of 5550 t-COyMillion Yuan, 60.3
t-SO,/Million Yuan and 2.01 t-NO,/Million Yuan in
1987, and decreased to 781.2 toe/Million-Yuan and
emission intensity of 3051 t-CO,/Million-Yuan,
333 t-SO,/Million-Yuan and 11.7
t-NO,/Million-Yuan in 1997. The second highest
energy intensity is in 15" sector ‘Primary Metal
Manufacturing’, and the second highest emission
intensity is in 14® sector ‘Building Material &
this is

because considering of CO, emission from cement

Non-metallic Mineral Manufacturing’,
production and the emission factors of NO, and SO,
in 14% sector is higher than in 15" sector.
Furthermore, for the year of 1997, intensities in more
detail sectors (124 sectors) were calculated (shown in
fig.5) by averagely distribute energy consumption into
sub-sectors. Because energy statistic for only part of
sub-sectors could be found, energy consumption of
some sub-sectors were estimated by averagely
distribution of total energy according total input of /O
table by sectors. Therefore, the result can roughly
reflect the difference of emission intensities when it is
further divided into small sectors. For example, the
11" sector ‘Electric power, steam and hot water
supply’ in the 26 sectors (CO, emission intensity is

3051 t-COy/ Million-Yuan) include four sub-sectors
(124 . sub-sectors): Production and Supply of
Electric Power (CO, emission intensity is 3272
t-CO,/ Million-Yuan), Steam and Hot Water (CO,
emission intensity is 3463 t-CO,/ Million-Yuan),
Production and Supply of Coal gas (CO, emission

intensity is 2442 t-CO,/ Million-Yuan), and

fon Yusn {at constmn:

¥ i1 s 2 2% W ¢ 48

fmondicd M veissind tatahnily By weviors

s Nit, /Wil tion ¥uem ¢ 06 grived
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Baheuiicd X, omission stensity by seahors

T OHE 61 &6 Vi 7§ Rl B& RY VA 103 106 15f {4832
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Fig. 5 Embodied Emission Intensity in 1997 by 124 sectors
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Production and Supply of Tap Water(CO, emission
intensity is 860 t-CO,/ Million-Yuan).

4. Conclusion

In the research I/O analysis was used for the
calculation of energy and emission intensity by 26
sectors for China in the year of 1987 and 1997. It
was clarified, with the increase of total energy
consumption, the direct and induced energy and
emission intensity decreased, and the energy and
emission intensity for sector of ‘Electric power,
steam and hot water supply’ is the highest among
the 26 sectors. In 1997, for energy consumption and
emissions induced by final demand the sector
‘Construction’ directly and indirectly induced 223
M toe of energy consumption and with the highest
induced emission of 901 Mt-CO,, 6.1 Mt-SO, and
2.7 Mt-NO,.

The Energy consumption and CO, emission
intensity was estimated till 2020. The result shows,
the embodied intensities are much higher than that
of Japan, and it decreased quit quickly year by year
unlike that of Japan in a very sfeady state. It will
keep on decrease, and by compare the predicted
embodied intensities by sectors, most of them are
4-6 times of that of Japan in 2000.

Because the limitation of energy consumption data
by sectors, the embodied emission factors were
classified into a very limited 26 categories.
Therefore, one category contains hany different
products. Hereby, input-output analysis provides
only an average value. It can only provide a very
rough By distribution of energy
consumption into sub-sectors according to total

estimate.

input, the emission intensities of 124 sectors were
calculated. A

The next step research will consider of other
emissions like emission to water, to collect data
emissions accompanying with

about water

production activities, and finally to calculate the
direct and indirect emission intensities by using I/O
analysis method.
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