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Abstract : The industrial ecology indicators(IEI) for Yeosu Industrial Park were developed using
eco-efficiency indicator(EEI). The key factors for the creation of IEI were two parts. One part is the value of the
products which is selected as the total production value, the amount of ethylene production, the amount of light
oil production instead of the total sales volume for Yeosu Industrial Park, since the currency exchange and the
price of raw materials varied every year. The other part is the environmental burden. The electric consumption,
the industrial water consumption, and the amount of discharged waste water are all officially opened to the
public, were used in the calculation. Based on the value for the year of 2004, the IEI value for 2006 became
worse to 0.954, but, was expected to be 1.153, a 15% improvement, for 2015 if the current EIP project is
successfully performed.
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Table 1. Evaluation Factors in EE [5]

Product index (y) Input index (x)

- Unit element
(Energy, resources, water, land,
waste, etc.)

- General elements
(Comprehensive Environmental

- Selling price
Elements | - Output

type - Productivity
- yearly output

Impact)
) Production process (gate to gate)
Evaluation
. Parent process (cradle to gate)
categories

Life cycle (cradle to grave)

o]7] 4], TFP: Increasing rate of total productivity factor
y: Real GDP per a worker
z: Amount of CO; emission per a worker
k: Capital stock per a worker
ek: Distribution ratio of capital gain

ez: Distribution ratio of energy gain
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o714, EE : Eco-efficiency
x: Input variables (Environmental Impacts)

y : Output variables (Economic value)
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Table 2. Comparition of Various Indicator Methodologies for
Creation of EE

Marginal | Cost of Green Eco-
abatement |the entire| Productivity |Efficiency
costs process
Data accessibility O] [m] [m] [ |
Ease of creation O [m] [m] [ |
Environment-
economic [ | ] O O
representation
Readability
stakeholders O (m] O u

I Very high, [] High, m] Low
3% Authors take advantages and disadvantages of each methodology based
on the criteria.
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Table 3. Examples of Environmental Indicators [10]

Notebook Refrigerator Washing Machine
Electricity 7.99 | Electricity 8.69 | Electricity 8.41
consumption consumption consumption
Weight 7.97 | Weight 7.72 | Weight 8.21
Toxic 7.43 | Toxic 7.69 | Toxic 7.40
chemicals chemicals chemicals
Life Cycle CO,| - |Life Cycle CO,| - Life Cycle CO,| -

Table 4. Examples of Key Functional Indicators[10]

Notebook Refrigerator Washing Machine
RAM capacity | 8.68 Noise 8.74 Noise 8.59
HDD capacity | 8.41 Cooling | 7.96 Washing 8.35

speed capacity
Battery 8.37 | Freezing | 7.87 Time for 7.78

duration time speed washing
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Table 5. Examples of weight factors [10]

Indicators Goods Notebook  Refrigerator Xzzﬁigi
Functioning 8.75 8.65 8.80
Environmental 7.18 7.65 7.72
Design 8.10 8.15 7.85
Brand Image 8.04 7.96 7.80
Price 8.89 8.92 8.93
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Table 6. Example of raw data to calculate environmental
effects and indicators for Refrigerator

Goods| Refrigerator | Refrigerator
Items at 10 years ago| at present
Capacity (L) 150 300
Electricity Consumption (kWh/yr) 1000 200

3% 10 years ago, the environmental efficiency of the refrigerator: the capacity
(numerator) / power consumption (the denominator) = (150L) / (1000
kWh / year) = eco-efficiency 0.15

3% Current environmental efficiency of the refrigerator: the capacity
(numerator) / power consumption (the denominator) = (300L) / (200 kWh
/ year) = eco-efficiency 1.15

3% Factor Calculation: [Assessment Product (current) of the eco-efficiency ]
/ [based products (10 years), the eco-efficiency] = 1.5/0.15 = 10
= factor-10 became 10 times increase in efficiency

Table 9. Example of environmental burden (denominator)

Items Examples Unit
Energy Consumption
Energy (Electricity, Fossil fuel, etc) W, kg
- 3
Input Materials(Raw, Solvent, Goods kg, m’,
L under processing, etc), Water, etc. CO
Chemicals Lead, Toluene, Mercury, etc. kg, &
Ozone depletion materials CF(}Z{gEq.
. Greenhouse Gases CO: Eq,
Output| Discharge kg
Acidification Gases 8O, Eq.
kg
Total weight of waste kg

Table 7. Example of value of goods (numerator)

Items Goods Examples of Numerator
Physical Number of sales, Production rate
. Share
properties (Number, kg, ton etc)
Economic Sales volume, Economic benefit,
Share
value Income
Refrigerator Capacity, Cooling speed,

Freezing speed
CPU Speed, Capacity of hard

Function and | Computer drive
performance - T
Scanner Resolution, Speed, Communication
Woashin, . .
08 Capacity, Life time
machine

Table 8. Example to calculate value of goods for scanner ([S])

New | Comparison

Items| . Od@ (b
Functions fi4110C fi-4120| b/a  EEI

C
Basic resolution dpi 300 600 | 2.00 3.808

Resolu-

tion Color analysis ipm 5 25 |5.00 3.000
Feeding rate Mn 210x  210% | 1.00 1.240

(max) 297 297

Speed Thickness of feed Kg/ 45~ 45~ | 144 1.240
bundle 90 110

Display speed
compression No. of 4 6 1.52 1.500
(standard) programs

Communi-|
cation

Y&de 5 o= SA5] witel ofd el Eq 119} Eq
e (vector) gt AHESHE koA AT E th®

Functioning vector of goods=

(> (Functioning rate)QXWeight factor)™® (11)

Table 10. Example to calculate value of goods for cellular

phone[6]
Items| Natural Resources Energy Toxic
Year Consumption(MRC)| Consumption |Chemicals
1991 1 1 1
2002 0.42 0.24 0.82

66% saving

MRC saving: 58% . . 18%
during talking .
Improvement | Non-recyclable : 96% saving at | 2ViN8 of
60% down 7 8 Pb

stand-by

Environmental impact vector=
(> (Environmental impact rate)QXWeight factor)”?

(12)
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TA98kaL itk T o2 Table 79] AF F ~AAUE Ui
O Table 8|4 A|F2] 7FA (2 7]5) AHES 213 dlo]
Eig Tl ARE Eeth *Mrr%ﬂ TEE 5Y AE
o7 FHEste] FAdska =l Afehste] Aeels A
TrA}GP TxE 7H Zlo|th =, Table 90|14 1-1%01 A
ZoH), 2kl A, 318t BN EY TolA .55 9
SR 2ds ks e Jé:é} A, & A7 5% &

l

o] 3 2ol
‘l_é—l’EH;ﬂﬂ"’] 749 Table 1004 H.i= nfe} o] 2kl f-8 &
&, A fFads, 34 Felled 3 s o= FEste] 24
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Table 11. Value of goods and environmental burden of Yeosu industrial park at 2004 and 2006 [2]

Items 2004 2006 Ratio Rate
Production volume (billion Won/yr) 32,016 40,737 1.27

Value of Goods Function Ethylene production (1000 MT/yr) 2,945 3,432 1.17 1.176
Light oil production (1000 MT/yr) 819 881 1.08
Energy Electricity (Gwh/yr) 7,199 7,819 1.09

E“gﬁfgemnemal Resources Water (1000 MT/yr) 82,517 123,266 1.49 1.235
Discharge Waste water (1000 MT/yr) 20,429 33,139 1.62

g 4= gtk 1991 thu] 2002 oY= Au]= A2 80%
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Table 12. Expected effects of networks proposed for Yeosu EIP Project [11]

Economic Effects Envi}g(f)fr; rcrE:ntal
Fields Neeworks Investment Sales Profit ROI S. Waste CO;,
Mil ¥ (Ml #yr) (Mil ¥yr)  (yrs) (tons/yr)  (tons/yr)
Cooperative Treatment of Industrial Water 2,340 49 49 47.76 - -
Water Cooperative Treatment of Toxic Wastewater 3,243 298 298 10.88 - -
Energy |Reuse of Low Density calory Source 16,400 1,790 1,790 9.16 - 6,000
Syngas Extraction from Carbon Black Tail Gas 60,185 28,800 19,695 3.06 - 126,000
s By product Gas of Steel Work to Resource 84,400 164,000 72,480 1.16 - 131,000
Aromatic Organic Waste to Resource 500 7,400 5,250 0.10 20,000 50,000
Extend of Low Price Steam Consumption 100,000 282,900 282,900 0.4 - -
Soild Reuse of Waste Catalyst by Regeneration - - 1,000 -
wastes  |Waste Salt to Resource 400 245 140 1.75 4,000 0
Reuse of Plastic Waste to Fuel by RPF 5,000 3,000 1,500 3.33 100,000 -
Phosphoric Gypsum Reuse 2,150 2,150 650,000 -
Total 272,468 490,632 386,252 775,000 313,000
Table 13. Expected variations in IEI according to the development of Yeosu EIP project [11]
Items Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Suls Billion ¥#/yr | 40,737 | 40,738 | 40,739 | 40,742 | 40,743 | 40,775 | 40,892 | 41,056 | 41,115 | 41,130
Value Ratio" 1.000 1.000 1.000 1.000 1.001 1.004 1.008 1.009 1.010
P Billion ¥/yr | 4,074” | 4,074 | 4,075 | 4,077 | 4,078 | 4,100 | 4,182 | 4,318 | 4,369 | 4,383
Ratio" 1.000 1.000 1.001 1.001 1.007 1.027 1.060 1.072 1.076
Average Ratio" 1.000 1.000 1.000 1.001 1.004 1.015 1.034 1.041 1.043
Waste | Thousand MT/yr| 4,037 4,036 | 4,033 4,025 3,977 3,848 3,558 3,450 3,417 3,417
Burden Generation Ratio” 1.000 | 0.999 | 0.997 | 0.985 | 0.953 | 0.881 | 0.855 | 0.846 | 0.846
CO, |Thousand MT/yr| 6,127 | 6,125 | 6,117 | 6,097 | 6,090 | 6,074 | 5,933 | 5,891 | 5,877 | 5,877
Generation Ratio” 1.000 | 0.998 | 0995 | 0.994 | 0.991 | 0.968 | 0.961 | 0.959 | 0.959
Average Ratio” 1.000 | 0.999 | 0.996 | 0.989 | 0.972 | 0.926 | 0.910 | 0.905 | 0.905
IEI 1.000 1.000 1.001 1.004 1.011 1.032 1.097 1.137 1.151 1.153
1) Ratio is the current value versus the value of 2006.
2) Profit in 2006 is estimated to be 10% of sales.
% The weighted index was assumed to be the same for all.
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