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Abstract; Material life cycle engineering is a frontier interdiscipline based on the infrastructure of materials science,
manufacturing science and environment science. It is an eco-design oriented applied engineering, in the purpose of meeting
performance requirement, saving resource and protecting environment by means of hazardous substance substitution, green
process planning, cleaner production, resource recycle, et al. throughout the whole industrial supply chain to achieve a
systematic optimization for material products during the whole life cycle. In this article, the author reviewed the develop-
ment and application status of material life cycle engineering, performed a comprehensive analysis of the fundamental tech-
nology to explain the linkage among life cycle engineering, eco-design and other critical techniques, so as to point out that
eco-design is the key element to deploy life cycle engineering theory. This article also proposed the framework and imple-
mentation procedure of eco-design for the specific situation of Chinese material industry. Moreover, the quantitative assess-
ment methods for materials performance, resource consumption and environment impact have been established based on
performance-requirement matrix, Exergy analysis model and life cycle assessment, respectively, which form a material
product oriented eco-design methodology with a full metrics, and provide further theoretic foundation to the eco-material
development and application.
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Table 1 Requirement-performance matrix
Requirement weight factor Performance 1(P,) Performance 2(P,)  Performance 3(P;) Performance N( P, )
Requirement 1(R,) wR, Wi, W, W3 Wiy
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Table 2 Requirement-performance matrix of asphalt concrete

Pendulum

Freeze thaw Four-point

. Weight . Water immersion ~ Dynamic Residual  Flexural-tensile L .
Requirement type friction . . L e . splitting bending
factor . expansion ratio stability stability strain . . o
coefficient strength ratio fatigue life
Anti-high 20% . - 100% . . . .
temperature rut
Anti-water
20% — — — 50% — 50% —
damage
Anti-cracking in 20% o - . o 50% o 50%
low temperature
Volume stability 10% — 100% — — — — —
Anti-skating 15% 100% — — — — — —
Durability 15% — — — — — — 100%
P“%i;Tw 100% 15% 10% 20% 10% 10% 10% 25%
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MR G ; P, AR Y RO PRIE SRR 0 A1 R
IR IR PE R FF 5 LCA IBFFEIE . A (4) Br
N, KRG PAA PR AL m R oy, — 2 XA [ 4
W) AP HEAT IR, R A MR A T i A A
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Ex,, = > x,Ex; + RT, Y. n,lnm,, (4)
K, Exy, MR RRT Y=, Ex, B
SRR A W AL, xR B M KR ) T Y T
T, R APIIFWE, T, 0%, n, NEEE Y 1e
DL KR W) (G BE IR, m A W AE KR
HEE IR 5L

XA A REE, AIORAT CHHRE LLE R XSRS
AT TR R A B MR fh 2 PR
5 ARG 1 B R 0 A R B RME, sk (5)
BRI R, AT A Rl RE A Ak 4 A E 17
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B=—" (5)
Kb, B A NUREHOPIRELL | Ex,, S BB

{6, H A HUREHOIR A T4

XTI BT, LB XA A 7 3 v K BT A AN [
HAEDT A0, Rz A . feseife . IRGHES, 2ol
PR IRHERAE MR M (6) B,
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2 m (6)
f, WRDI /KB FEAEE AR, m, . m, . m, /-t E

ANV TP AR B K . 78k Sk, AEx, |
AEx, . AEx, 535005 = F I8 #E Jr A X6 0 14 2% U 45 2
HF,

XFF TR IR B e AN R AT O X A b
BRAE ST RRE , FEBLIERE b, R A AT o B S 8
- i [ R 8 A B A R R e . RN R
2 S A RLAE PR T 5 L Y+ [ RR fE AR EAT T
ARG, BT TAE, Al A O A EE
AR IEKE - M [ B R T Ak R R s LA R
mAaX (7) PR,

ExLF,, ., = BL,, ., xCR, (7)
A, ExLF,, ., 3R 0TI & T BRI K A2 B B
BT BIR T, CR OARK - P R %L, BL,, ., #%
o B BORIR 52 B B [ e 45 2k

ARG GRS 55 PPN A E— DAl bt
BHESBOT R BRI IMA R, WK 3 s, fhnik
ARGV (—A8AR) o 0 BT IRIH FEE BT B
AR REFR B AP BT IR FE R R B T BRI AR
A REVR I AL AT RHEBEIRINAE 3 > =98 hn ;. MBTIE
it R R B B K BEIR A S R L BEIR A A 2 A =2
bR, WA FEPAMAR, TTLIAH , ZOULH A RHE 42 A
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Table 3 Index system of resource impact

First-level index Second-level index

Third-level index

Index items

Ores consumption

Resource consumption
index

Resource impact index

Renewable resource consumption

Fossil energy consumption

metallic ore, non-metallic ore, et al.
solar energy, wind energy,wood, et al.

coal, oil, natural gas, et al.

Resource quality
decline index

Water quality decline

Land quality decline

surface water, underground water, et al.

land occupation, land transformation, et al.

3.3.3 AT AGRARIENGIREY b AR NER
A iy TR PR S B R E PR P A R ) Y
T RZ—, 1% 3 ad A 7 o R Bl A A= i JR 4

9 F 2 A S T (AR . BETRIHAE L K
BRIGRYHE) , IR IS & R A CER, HiE
LEE SR PP 7= i 2B i S 300 v T Y % R IR BT R A T )
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Fig. 3 Computation process of life cycle assessment
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Table 4 Index system of environment impact

First-level index Second-level index Third-level index Index items
Global warming €0,, NO,, CH,, CFCs, et al.
Air pollution index Ozone layer destruction CFCs, halon, CH,Br, et al.
Photo-chemical smog ethylene, NMVOC, et al.
Environment Aquatic toxicity COD, BOD, NO*", et al.
impact index Water pollution index Acidification S0,, NO,, HCl, HF, NH*, e al.
Eutrophication ammonia, PO, et al.
Soil pollution index Terrestrial toxicity Cr, Ni, As, Hg, et al.
Human health index Human toxicity Particulate, Dioxin, et al.
3.3.4 FWR-FF-BESEHEFEZSERETE beEJG, FTLOK = MR G618 2 A R R B IR IR,

TEARFFBTIEL N | SRR RE 3 DU —48  Indsl (8) Fow:
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Fig. 4 Decision-making model based on weighting triangle
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