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Approximate Life Cycle Assessment of Classified Products using Artificial
Neural Network and Statistical Analysis in Conceptual Product Design

Ji-Hyung Park”, Kwang-Kyu Seo™

ABSTRACT

In the early phases of the product life cycle, Life Cycle Assessment (LCA) is recently used to support the decision-
making for the conceptual product design and the best alternative can be selected based on its estimated LCA and its
benefits. Both the lack of detailed information and time for a full LCA for a various range of design concepts need the
new approach for the environmental analysis. This paper suggests a novel approximate LCA methodology for the
conceptual design stage by grouping products according to their environmental characteristics and by mapping product
attributes into impact driver index. The relationship is statistically verified by exploring the correlation between total
impact indicator and energy impact category. Then a neural network approach is developed to predict an approximate
LCA of grouping products in conceptual design. Trained learning algorithms for the known characteristics of existing
products will quickly give the result of LCA for new design products. The training is generalized by using product
attributes for an ID 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 it would give some useful guidelines for the design of
environmentally conscious products in conceptual design phase.

Key Words : Approximate Life Cycle Assessment(:=ZA}% %4 3 71), impact driver(37 9 % =2}o]H) product
attribute(H| & 4:A4)), statistical analysis(EA & £4), artificial neural networks($13 41 7 &)
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Fig. 1 Overview of an approximate LCA methodology
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Step 2 Grouping {Clustering) the products )
by classification criteria
Step 3 Suggesting Impact Driver(ID) and product
attributes considering product and environmental
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Step 4 [ Identifying ID and product attributes |
-
Step § r Checking the relationship between ‘
1D and LCA results
Step 6 Predicting the approximate LCA
using an ANNs in product groups
Step 7 G g the apprc LCA of prod

using a regression and an ANN model

Fig. 2 Procedure of an approximate LCA of classified
products
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(1) Ranking the life cycle phase impact indicator
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(2) Top impact indicator class

(3) Hierarchical clustering attempt

(4) Preliminary product classification into general
categories

(5) Product classification according to functional

properties
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Table 1 The candidate product attributes

Durability
Strength
Conductivity
Mass

Selling Price
Product Liability
Distribution mass
Distribution velume
T

n use sNeTgy sourcs

In use power consumption
Modularity

Upgradeability

Volume P Ser y
Materials (Various) Ti ] ion means tn use flexibility
Performanoce Lifetime Recycled content
Funectionality Use time Recyclability
Process Mode of operation Reusability
Assemblability Additi i Di ility

olgA MEd AF EHEL UF
52 FRIFojH}. vhef AR}
3t HAdsA AFAH 22 FZHA
7tste HAEE 4 gtk o
(specified)” S 3L, AF £ BAstE + AoHd,
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Ze gz 38 7 Ao dE 89 A
AR IDeergy, A5 (index)= T3k o] EHE
+ k.

IDenergy = f( X1, X2, X3, X4, X5 ) (1)

where,

x;: lifetime,

X! use time,

x3: mode of operation,

X4: 1D USE energy source,

and xs: in use power consumption.

A (DN Deergy & TAIE HFEL x,,
X2, X3, X4, X5 = Q’?_]% X“%‘ ‘{‘1\‘}‘0% = 0“‘;] ] a
29t BA7 Qo 42E AFE $45Y AR%
E39) ¥ 9 AEY (Brainstorming) I & A HA

A7 33t

71X At MEF Deeryy & FEIFY H
F(energy)st Aol o™, MELE AT IDepergy
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2 H¥Ed BE °F ¥4EYNY WA= F
A 2o BAA JIEer =22 5 AUTh

2 (DolA AE AF Deeryy & 1 T4
e WM x), X, X3, Xa, Xs BFELY ARAA
H3l7] 95t £ dFdAE Fojs AdAFE
ANSFEd, 2 A3 Table 2 & 2ok 24 F
AE AHEd 549 M5t AGE IDepegy & A
# A S 398 7 Ak

L

Lo

Table 2 The correlation coefficients and tests between
[Depergy VS. parameter Xj, Xz, X3, 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 3 The results of multiple regression analysis
between 5 parameters and ID pergy

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

=S|

Table 3 ¢ T3 ¥4 AF}E B AGAT
®R)7} 0.99 otk AAAF®RY7E 099 2 ofu)=
W Xy, Xg, X3, X4y X5 5O AT Depergy & ¥ FF
99% 2 F83 AdWs) F1 Ygrie 9neltt ot
A, Wenergy = £ (X1, Xz, X, Xa, X9)7F 24T 7H 913, o)
F2lo] YyPgo] BoFEr}

EE BEAE-ME (ANOVA Table)ol X F Ztol
1388.59 o|n2, F3 A WFEL BF {3}

.5, B A9 AFEC] 0 olgte AR
(Hpol 71Z+drh oepA, 2L 1D 9 ¥FE
(product attribute)Zte] & u) 7t YL FAHe=
gt

o4F dAdME 2838 AFTUHAAM 2
AT A AP ID 7F AFre] BHFIAES E

g 5 A=AE HIIAAT 918 A Denery
9} AFTHY AFES dig AN FHGER

Denergy 1F] BAIE AT E o] 831 H71EA
E]'. ) AREA A7} AT Table 4 & 21, 284
AFEY Denegry & FEF G0 BAIE 4] (2
o} o] F =AU

TI (Total Impact) = 74.8 + 1.3 IDenergy 2)
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o &7t #UAE wAMRYE ¥ Fig 3 o #
ot A ()F o183 aAFW AEFEEY Deey &
o2 AFEY F FAHATS A Hoz 718 &
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Fig. 3 Relationship between IDgup, and total

environmental impact
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Table 4 The results of regression analysis between a
detailed LCA and IDepergy

Statistics ofregression analysis

multuple cocfficient 0.99
R-squared 0.99
adjusted R-squarcd 0.99

Obs 30

ANOVA Table

Source DF Sum ofSquarcs Mean Squares F valuc
Modect 1 6.02304E+12 6.02304E+12 108796.33
Error 28 1550099841 55360708.62
Total 29 6§.02459E+12

AXE Denegy & AF FHES 2153 BF
of Wt 2F8d AFTHAM BF Fejsta o]
g3re BAE olg3d AFY #49TE ¥t
g T &€ #AA
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1YUEE AL &4F 7w o HFE

\4

(parameters)®] S olz] Wol Alg #HQE A
AR
AFAALE o83t gFAY A#HE BY

°11L11] AR B2 FAGFEE WA= 21]“2&
FE AFTH AFEN HE A 45

-‘*}t e F2 AFYE AL F A3, @*Jr
£ Table 5 ol YERAATT.
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Table 5 The predicted results of group members by using

ANNs
The results of Relative  The results of Relative
Product Actual _p dLCA emor _p d LCA error
LcA 1 hidden layer (%) 1 hidden layer (%)

with 10 neurons with 15 neurons

5110
176
207

24800

3910.68
130.70
182.68

35498.72

4604.86

54036.75

2431.54

20165.47

2347
25.714
11.75

-43.14
-15.7
0.85
948
-7.39

3846.30
126.30
18543

36014.56

3995.12

53786.05

2475.06

18496.12

23653.99
24625.15

2473
28.24
10.42
-45.22
-0.38
1.31
7.86
L5
2.74
0.76

Vacuum cleaner
Mini-Vacuum Cleanc
Radio

Heater

Coffeemaker 3980
‘Washing Machine 54500
Refrigerator (small)  2686.19
Refrigerator (large) 1877779
TV 24320.37 2432523 -0.02
LCD TV 24813.73 25324.89 -2.06

ge absolute error 13.96 12.32

bsolute error 43.14 45.22

* Training sample size is 20, ** Test sample size is 10

4. 384 BMn 3N 2 ® o| 2Bt
HEo| TAIE LCA g Ee| luls}

£ ZFolAe AgdE d71A] IDs ok @A
H71E T8 F0HE AFSHEL o) 43} xﬂ%
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F e NEE PYPEE Agsig
o] AL Fig. 2 o @A 7 M, ¢ AAE
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J3e AAE wEId 2 {EA
o} &3td AFZE W9
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AFse Dot B ATA AL FAME
LCAYWHE9 dut3] (generalization) #S Fig. 4
¢ #oh

2 dFdAM e AEY LcA & Bl A3
o EHE AFHHLES SHEFER 31 I
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|wsle] B $-73 Hrl AYES MYz
3tc}(Fig. 5).
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In product groups,

‘Donorgy =_ f(x,, x,, X3, X4, X5)

1D aterial = Xqy Ky oee ven s X,
Ingn-hnun =f Xqs X3y ev wen ) X,
ID,cidentiication = (Xqs X5y -.e .. %)

where x,, X, ...... » X, X, X, is product attributes.

Identifying the product attributes

A generalized approximate LCA

1. Correlation test between |Ds and identified product attributes
2. tdentified product as inputs(independent variables)
and IDs as output(independent variables)

Fig. 4 A Generalized approximate LCA methodology

BRAZ A FAW AE s45L 274 3
39 Ao syPasel AFAFTY gUgoz
AEHD BADY WFY Doy & F5W5Y
£33tz ARHED o] AL Fig. 5 o A

AT

Independent Dependent
variables - variable
(X4, Xgy v Xg4) : . )
identified products Multiple linear regression
attributes analysis IDonaruy
Input layer Hidden layer Output layer
{10 ~ 20 nodes)
21 nodes 1 node
(Xys Xg1 o001 X1) (IDyrorgy}
Inputs : the identified .
products attributes | Output : IDs

* Sampling data : 150 products

Fig. 5 The process of an approximate LCA using
multiple regression analysis and ANNs

y=Ly+ Bixy +B, %, + Paxy + Faxy + o
+Byxnte

where,
y: predicted LCA (IDenergy),
x,: normalized mass (kg) of products;

X,: ceramic (% mass);

x3: fibers (% mass);

x4: ferrous metal (% mass);

xs. non-ferrous metal (% mass);

Xq: plastics (% mass);

x7: paper/cardboard (% mass);

xg: chemicals (% mass);

Xg: wood (% mass);

X1o: other materials (% mass);

X): assemblability (binary);

X12: manufacturing process (dimensionless),
X13: the normalized lifetime;

X14: normalized use time;

X5 operation mode (dimensionless);
X6 additional consumable (binary);
x,7 : energy source (dimensionless);
X,g : normalized power consumption;
X9 : modularity (binary);

Xy : serviceability (binary);

Xy : disassemblability (binary),

and B (=12,

, 21} is coefficient

37 M2 SAS A H7IAE o] &3t

=48t

Life cycle energy

Outputs:

Product LCA
Output Layer

(1 neuron)

Hidden Layer
(16 neurons)

Inputs:
Input Layer Product
(21 neurons) Attributes

Mass Ferrous --- Lifetime--- Power Disassembleability
metals consumption

Fig. 6 Structure of the BP neural network to predict the
product LCA
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Table 6 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 4893.85 4686.84 21.38 4.23
Mini-Vacuum Cleaner 176 129.62 122.21 26.35 5.72
Radio 207 170.94 164.53 17.42 3.75

Heater 24800 35235.84 39471.19 -42.08 -12.02
Coffeemaker 3980 484485 509776  -21.73 -5.22
W ashing Machine 54500 49627.70 49682.29 8.94 -0.11
Refrigerator (small) 2686.19 3072.73 3002.98 -14.39 2.27
Refrigerator (large) 18777.79 20762.60 20507.22 -10.57 1.23
TV 2432037 26047.12 26807.69 -7.1 -2.92
LCD TV 24813.73  24553.19 24430.42 1.05 0.5
Average absolute errot 17.1 3.79
Maximum absolute error 42.08 12.02

* Training sample size is 140, ** Test sample size is 10
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Fig. 7 Comparison results of LCA of products
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