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Abstract

This paper proposes an approximate life cycle assessment (LCA) for the conceptual design stage by
grouping products according to their environmental characteristics and by mapping product attributes into
environmental impact driver (EID) index. The relationship is statistically verified by exploring the correlation
between total impact indicator and impact category. Then an artificial neural network model is developed to
predict results of approximate LCA of grouping products in conceptual design stage. The training is
generalized by using identified product attributes for an EID in a group as well as another product attributes
for another EIDs 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 it would give an approximate LCA results for design concepts.
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Table 1. The Correlation Coefficients and Tests
between ElDenergy vs. Parameter xi, X,

X3, x4 and Xs
The parameters | The coefficient of correlation
X1 0.43
X2 -0.24
X3 -0.27
X4 0.83
Xs5 0.99
ElDcnergy = f( x1, X2, x3, x4, x5 ) (1)
where,
X1 lifetime,

X2: use time,
X3: mode of operation,
X4: in use energy source, and

X5 In use power consumption.

Al (DollM9] ElDenersy® %R MaE9l x
X2, X3, Xg, Xs= HAE A9 Y AF 3AE F
A=A Lwel HAAL Slvkn A7 AF £A4E59
HAErFeste] vael ~A8" (Brainstorming) 348
A& A A3k

d7]14 Akt NZE ElDenergy s B3 HF
(energy)®} dddto] glom, AR 2|4
= oujAe} #Fe] e AF
attributes)S W4 (parameter) &
(function) 2 X&) & o] WFE
AA 7R el &

ElDenergy

A=
e

(product
R
E7ke] A=

St

"T“j’]—l -1L

Table 2. The results of multiple regression analysis
between 5 parameters and ElDenergy

Statistics of regression analysis

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

ANOVA Table

Source DF Sum of Squares Mean Squares F value
Model 5 3.19651E+12 6.39302E+11 1234.31
Error 24 12430667565 5179444819

Total 29 3.20894E+12
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Table 3. The Predicted Results of Group Members

by Using ANNs
Theresults of  Relative  The results of Relative
Product Actual _ predicted LCA  emor predicted LCA emor
A 1 hidden layer (%) 1 hidden layer (%)
with 10 neurons with 15 neurons
Vacuumcleaner 5110 391068 2347 3846.30 U7
Mini-Vacuum Ceaner 1% 130 2574 12630 2824
Radio 207 18268 178 185.43 1042
Heater 24800 3BT 4314 36014.56 4522
Coffeerraker 3980 4604.86 -1587 3995.12 038
Washing Machine 54500 5403675 08s 53786.05 131
Refngerator (small) 2686.19 2431.54 948 247506 786
Refigerator (large) 187779 2016547 739 18496.12 15
™ 24320.37 28258 002 23653.99 274
DTV 24813.73 25324.89 -206 24625.15 0%
Avenage absolute error 13.96 1232
M bsolute emor 43.14 4522

* Training sanple size is 20, ** Test sample size is 10
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=
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y=Bo+ By x1+ By xyt ...+ By xyte (3)
where,
y: predicted LCA (ElDenergy),
x1- normalized mass (kg) of products;
x2! ceramic (% mass);
x3 fibers (% mass);
x4 ferrous metal (% mass);
xs' non—ferrous metal (% mass);
xg. plastics (% mass);
X7 paper/cardboard (% mass);
xg: chemicals (% mass);
X9! wood (% mass);

x10- other materials (% mass);
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Life cycle energy

Outputs:

Product LCA

Output Layer
(1 neuron)

Hidden Layer
(16 neurons)

L Inputs:
Input Layer Product
(21 neurons) Attributes

Mass Ferrous -
metals

Lifetime--- Power Disassembleability
consumption

Fig. 2. Structure of the BP neural network to predict
the product LCA

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 4686.84 2138 423
Mini-Vacuum Cleaner 176 129.62 12221 26.35 5.72
Radio 207 170.94 164.53 17.42 375

Heater 24800 35235.84 39471.19 -42.08 -12.02
Coffeemaker 3980 4844 85 5097.76 2173 -5.22
Washing Machme 54500 49627.70 49682.29 8.94 -0.11
Refrigerator (s mall) 268619 3072.73 300298 -14.39 227
Refrigerator (large) 18777.79 20762.60 20507.22 -10.57 123
TV 2432037 26047.12 26807.69 -1 -2.92
LCDTV 24813.73 24553.19 2443042 105 0.5
Average absolute error 171 3.79
Maximum absolute error 42.08 12.02

* Training sample size 1s 140, ** Test sample size is 10

Xy1- assemblability (binary);

x12- manufacturing process (dimensionless),
x13: the normalized lifetime;
X140 normalized use time;

. operation mode (dimensionless);
x5 additional consumable (binary);
X17 - energy source (dimensionless);
X3 - normalized power consumption;
Xjo - modularity (binary);
Xz - serviceability (binary);

. disassemblability (binary),

and Bi G =1, 2,

Xt

, 21) is coefficient
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