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Emergy is a measure of the processes required to produce something expressed in units of the same energy
form. Emergy based indices can provide insights into the thermodynamic efficiency of the process, the quality of
its output, and the interaction between the process and its surrounding environment. However, in an industrial
system, the inputs are mostly nonrenewable, renewable energy source is nearly zero, ultimate purpose is pursuit
of profits in economic activity. In study, we present two indices based on emergy - EEE(Ecological Economic
Efficiency) and ERI(Environmental Responsibility Index). The EEE is taken into account real value of product
in market economy. The ERI is shown to be a function of the net yield of the economy, its 'load' on the
environment and ecological economic efficiency. Manufacturing industry of Korea produced the 30% of total
GDP in 2001. We applied these indices to manufacturing industry for environmental management and further
sustainable industry. As a results, the highest ERI is 0.34 in recycling industries, the lowest ERI is 0.01 in
coke, refined petroleum products which is dominated by ELR. The higher ERI, the more friendly to
environment. The suggested indices help us understand relative contributions of various alternatives in company's
production and consumption activity, and provide a tool of decision-making for the rearrangement of future
industries. Furthermore, they contribute to environmental friendly operation and consumption.
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Table 1. Tabular format for emergy evaluation
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Fig. 1. Emergy based indices accounting for local renewable emergy inputs (R), local nonrenewable inputs (N),

and purchased inputs from outside the system
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Fig. 2. Diagram of energy flows in industrial system.
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Table 2. Emergy evaluation of resource basis for manufacturing industry in Korea

Value Solar Solar emergy Macroeconomic
No. Item (J, %) transformity (sei/yr) values
’ (sej/unit) (EmWon/yr)
ENVIRONMENTAL INPUTS (R)
1. sunlignt 163E+18 ] 1 163E+18 1.04E+09
2. wind, kinetic 1.00E+16 ] 1,496 1.50E+19 957E+09
3. rain, chemical 3.38E+15 J 18,199 6.15E+19 391E+10
4. earth cycle 512E+14 ] 34,377 1.76E+19 1.12E+10
Total 6.15E+19 3.91E+10
PURCHASED INPUTS(F)
5. water supply 214E+16 ] 48459 1.03E+21 6.59E+11
6. coal 6.83E+17 ] 4.00E+04 273E+22 1.74E+13
7. natural gas 3.20E+17 ] 4.80E+04 1.53E+22 9.77E+12
8. oil 1.66E+18 ] 6.60E +04 1.09E+23 6.97E+13
9. electric power 473E+17 ] 1.65E+05 781E+22 497E+13
10. services 927TE+13 W 157E+09 1.46E+23 9.27E+13
11. goods 345E+14 W 157E+09 542E+23 3.45E+14
Total 9.18E+23 5.85E+14
Soholn S $U AF $4 Aoz FA4
2e olFdd LU 49 doHoln v
Yopel AiTael B4l U =t 98

3.00E+23

2.00E+23

1.00E+23

Emergy used(sej / yr)

0.00E+00

NN A N
9& A2 o@ o ?}e ‘&{b _&Q %Q,c‘ &
& o K @ 3

+ @ & < 0\00

Energy sources

Fig. 3. Energy signature of each energy source in man—
ufacturing industry.
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Table 3. Comparison with other industry and nation (Korea) in ERI

Emergy flow (sej/yr) Emergy indices
Gross output Renewable Non— Purchased Total emergy
emergy energy  renewable input used EYR ELR EEE ERI
(GOE) (R) (N) (F) (Y)
. 451E+21 243E+21 143E+22

Agriculture 427TE+22 21.2%) (11.4%) (67.4%) 2.13E+22 1.48 372 201 800.25
Fishing 2.63E+22 _ 262E+21
Fisheries 321E+21 (90.9%) (9.19) 2.90E+22 11.03 010 011 1194287
Aquaculture 1.95E+22 _ 277TE+21
Fisheries 8.16E+20 (875%) (12.5%) 2.22E+22 8.02 014 004 207083

306E+21 460E+20 187E+20

Forestry 1.82E+19 (82.5%) (12.1%) (5.4%) 370E+21 1985 021 0006 460.24
Manufacturing 6.15E+19 B 9.19E+23

Tndustry 9.17E+23 (0.0%) (100%) 9.19E+23 1.00 1493582 1.00 0.07
Korea 758E+23  303E+22 912E+22 636E+23  758E+23 1.19 2402 1.00 4858

—=Average
~==Value of each manufacturing industry

ERY

EYR
g

ELR

EEE

Division of manufacturing industry

Fig. 4. Indice related to ERI in manufacturing industry(ERI: Environmental Resposibility Index, EYR: Emergy
Yield. Ratio, ELR: Environmental Loading Ratio, EEE: Ecological Economic Efficiency).
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Table 4. Emergy indice of manufacturing industry

Emergy flow(sej/yr)

Emergy indices

Abbreviation

R F Y %R EYR ELR EEE ERI
Manufacturing industry 6.10E+19 9.19E+23 919E+23 001 1.00 149% 1.00 0.07
Manufature of food products & bev.  Food 455E+18 519E+22 519E+22 001 1.00 11,399 121 011
Manufacture of tabacco products Tabacco 262E+17 223E+21 223E+21 001 100 849% 257 030
Textiles, Except sewn wearing apparel Textiles 397E+18 383E+22 383EA+22 001 100 9634 103 011
Sewn wearing apparel & fur articles  Sewn 314E+17 151E+22 151E+22 000 100 47976 115 002
Tanning & dressing of leather Leather 306E+17 73E+21 7.35E+21 000 1.00 24012 1.26 0.05
Wood products of wood & cork Wood 875E+17 517E+21 517E+21 002 100 5905 1.02 017
Pulp, paper & paper products Paper 181E+18 252E+22 252E+22 001 1.00 13944 084 006
Publishing, printing & reproduction Publishing 438E+17 116E+22 116E+22 000 1.00 26502 139 005
Coke, refined petroleum products Coke 223E+18 994E+22 994E+22 000 100 44632 063 001
Chemicals and chemical products Chemicals 804E+18 139E+23 139E+23 001 100 17,317 065 0.04
Rubber and plastic products Rubber 324E+18 342E+22 342E+22 001 1.00 10563 1.09 0.10
Non-metallic mineral products Non-metalic  584E+18 354E+22 354E+22 002 100 6070 083 0.14
Manufacture of basic metals Metals 597E+18 943E+22 943E+22 001 1.00 1587 075 005
Fabricated metal products Fabricated metal 3.75E+18 280E+22 280E+22 001 100 7479 117 016
Manufacture of other machinery Machinery 530E+18 574E+22 574E+22 001 100 10643 122 011
Computers and office machinery Computers 40TE+17 29E+22 293E+22 000 100 71876 129 002
Electrical machinery N.E.C. Electrical 169E+18 3.05E+22 3.00E+22 001 1.00 17991 116 006
Radio, TV and communication equip.  Communication 242E+18 9.17E+22 917E+22 0.00 1.00 37841 127 003
Medical, precision & optical instruments  Medical 365E+17 641E+21 641E+21 001 100 17547 1.29 007
Motor vehicles & trailer mfg. Motor 443E+18 757E+22 757E+22 001 1.00 17,083 129 0.08
Manufacture of other transport equip.  Transport 352E+18 284E+22 284E+22 001 100 8082 125 0.15
Furniture;articles N.E.C. Furniture 1LIE+18 109E+22 1.09E+22 001 1.00 9158 126 014
Recycling Recycling 447E+17 137E+21 137E+21 003 1.00 3053 105 0.3H4
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