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ABSTRACT

This paper proposes an approximate LCA methodology for the conceptual design stage by grouping products according to
their environmental characteristics and by mapping product attributes into impact driver (ID) index. The relationship is
statistically verified by exploring the correlation between total impact indicator and energy impact category. Then an
artificial neural network model is developed to predict an approximate LCA of grouping products in conceptual design stage.
The training is generalized by using identified prcduct attributes for an 1D in a group as well as another product attributes for
another IDs in other groups. The neural network model with back propagation algorithm is used and the results are compared
with those of multiple regression analysis. The proposed approach does not replace the full LCA but 1t would give an

approximate LCA results for design concepts.
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Table 1. The correlation coefficients and tests between
IDepergy VS. parameter x,, Xy, Xa, X4, and xs
The parameters

the coefficient of correlation

x1 0.43
x2 -0.24
x3 -0.27
x4 0.83
x5 0.99
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Table 2. The results of multiple regression analysis
between 5 parameters and IDeper,
Statistics ofregression analysis

multuple coefficient 0.99
R-squared 0.99
adjusted R-squared 0.99
Obs 30

ANOVA Table

Source DF Sum ofSquares Mecan Squares F value
Model S 3 19651E+12 6.39302E+11 123431
Error 24 12430667565 517944481.9

Total 29 3.20894E+12
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Table 3. The predicted results of group members by using

ANNs
Theresults of  Relative  Theresuits of Relative
Product Actual pradicted LCA  emor predicted LCA emor
Lca 1 hidden layer h) 1 hidden layer (%)
with 10 neurons with 1§ neurons
Vacuumcleaner 500 3910.68 23.47 3846.30 247
Mini-Vacuum Cleaner 176 130.70 2574 12630 2824
Radio 207 182.68 s 185.43 10.42
Heater 24800 35498.72 43.14 36014.56 4522
Co ffeemaker 3980 4604.86 157 3995.12 038
Washing Machine 54500 54036.75 0385 53786.05 131
Refrigerator (small) 268619 2431.54 948 247506 7.86
Refrigerator (large) 18777179 2016547 <139 18496.12 15
™v 24320.37 24325.23 002 23653.99 27
LD TV 24813.73 25324.89 -2.06 24625.15 0.76
Average absolute emor 13.96 i2.32
Maxinmm absolute emor 43.14 452

* Training sample size is 30, ** Test sample size is 10
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where, y: predicted LCA (IDnergy). Xi: normalized

mass (kg) of products; x,: ceramic (% mass); ...... , Xg0 :

serviceability (binary); x, : disassemblability (binary),
and B ;(i=1,2, ,21)iscoefficient
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Fig. 2 Structure of the BP neural network io predict
the product LCA
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Table 4. Comparison of the predicted results of LCA
between the regression and ANN model

Product Actual Predicted LCA Relative error (%)

LCA Regression ANN _ Regression  ANN

Vacuum cleaner 5110 489385 468684 21 38 4123
Mini-Vacuum Cleaner 176 129.62 122.21 26.35 572
Radio 207 170.94 164.53 17.42 3.75

Heater 24800 35235.84  39471.19 -42 08 -12 02
Coffeemaker 3980 4844 85 5097.76 -21.73 -522
Washing Machine 54500 4962770 49682.29 894 -0l
Refrigerator (small) 2686.19 307273 300298 -14.39 227
Refrigerator (large) 1877779 20762.60 2050722 -1057 1.23
™™ 23432037 26047.12 26807.69% -7 -292
LCD TV 2481373 2455319 2443042 105 05
Average absolule error 17.1 379
Maximum absolute error 42 08 1202

* Training sample size is 140, ** Test sample size is 10
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