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"... one of the most important tools for the 1990s ..."

“Life cycle analysis will emerge to be one of the most important tools for decision-
making in the field of environmental management for the 1990s. However, present
LCA techniques are fraught with some methodological problems and it is commonly
felt that the scientific basis for assessing the environmental impact of products is still
inadequate.”

(IPRE - International Professional Association for Environmental Affairs, 1990)

LCA - a tool of great promise

figure 2.1 A typical illustration used to promate a shift from the traditionol focus
on emissions from production sites to more product-oriented environmental strate-
agies (SOU 1989).

Bkl JE: Baumann and Tillman (2004)
The need for LCA databases
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Environmental management —
Life cycle assessment —
Principles and framework
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Environmental management —
Life cycle assessment —
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JRELEFE(AE) 3.6 25.6
KOBFE(NNE) 144 23.6
BEE EFE(BTU) 78,890 23,290
A= BEIL(BB) 0.86 0.093
USEES()) 0.117 0.012
5 BS BE = 1) (58) 0.24 22.18
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(HDPE){o] & IR {R"

Classification / Characterisation

100% 1
90% T
80% T
0% T
60% T ] Paper bag
0 T M LDPE bag
40% T
30% T e - ~[an
20% T 1D|_’4$/\E_1—L_-I—’)
[+}
10% E X Z‘( ZIN
. T
0% + ! | } } } } } 1
et i pesticides
greenhouse  ozdPIA i giicution _ heavy melals CAcinOgens winter smog
eutrophication Summer smog

» The paper bag causes more winter smog and acidification, but scores better on the
other environmental effects.

* The classification does not reveal which is the better bag. What is missing is the
mutual weighting of the effects.

(Beril Toktay, Georgia Tech Lecture note)
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thermal energy NOx(g) VOC (10xg} chlororg VOC COD(g) lead to water waste (hg) hazardous waste
{M]) (mg) (10xmg) (9)

Bl Milk carton

Returnable bottles
of polycarbonate

(O ERIZIR?

Figure 5.1 Environmental comparison of two milk packaging systems, milk cartons
and returnable bottles made of polycarbonate plastic (only selected LTI parameters
are shown). The basis of comparison is per 1000 I of milk (based on Tillman et al,
1991).
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(?iﬁéCommoner%The Closing Clrcle(ifiﬁE’JIE'.’an) 1972)

e Y] 448 B8 (Everything is connected to
everything else.)

= 473 P 8% (Everything must go somewhere.)
- %%%D(Nature knows best.)

o K FRAEBNIZBTFE(There is no such thing as
free lunch.)
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T FE 4B = (Industrial Ecology)

.. TEAREZ4 (industrial ecosystem) - JHFERESEERE
MEBNERAREL - BEYHESER/IVE - WEHEEEE
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T ZFEA4 B=(Industrial Ecology)f@ft 7 — 1@ 28 KX 7 18 45 2= an 24
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=i &E - UIANEKREER - BE - EFBELERE R

R YEUERNERERE  WHESEZEEZmL
FER(E)BRBEME" FEEFZASWCEEER - 10T
WHRREERY - DUREA BN EREG - WHERM M #BE
REMWER L REER(EFZ2M)BUEHREEZ - DIBR
e EARR 7 ERAFREFHE"

_rnational Society for Industrial Ecology)
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material and energy flow studies ( “industrial metabolism” ))& B85 S 7t ff
7 IEFENH

dematerialization and decarbonization =¥ E B Akt ol EBE(EEmAY
HIEBEEYE - E&1{E(detoxification)

life-cycle planning, design and assessment“E B HAFR 2 « & ETEAFT1h
design for the environment ( “eco-design” ) fER&{EEEE
extended producer responsibility ( “product stewardship” ) IEREEES L/

=z O &&=

FENR B X
eco-industrial parks ( “industrial symbiosis” ) ¥4 REEE/EFELE

product-oriented environmental policy Z fr B [@IRIB IR
eco-efficiency FERRRE

(Source: International Society for Industrial Ecology)
(http://lwww.isdie.org/history.htmI?PHPSESSID=b17368f664al5cdaa6d8a3f92e5d9eaatref
2)
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22 == T4 (Industry Symbiosis) BV 45 &
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R T EEIRE R E A

A HARKEMHIRIEE R . CEXEHBETELEEY - I ESKEE
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A TEBNEESTE

A ZEENSIERE TIEREE—TENHE  MIBERNT RBZEZE -
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Society . .
1: Environmental Engineering

2: Pollution Prevention

3: Envir. Conscious D&M

4: Design for the Environment
5: Life Cycle Design

6: Industrial Ecology

7: Sustainable Development

X Manufacturers

One Manufacturer
X Products

Disposal

Use

Scale of Organizational Concern
Single Product Life Cycle
> 2

v Manufacturing

Manufacturing Use Disposal

Human Civilization
Life time Span

Product Life Cycle

HRIE - Scale of Temporal Concern

Coulter, S., B.A. Bras and C. Foley (1995). A Lexicon of Green Engineering Terms, 10th International Conference on
Engineering Design (ICED 95), V. Hubka Ed., Praha, Czech Republic, Heurista, Zurich, Switzerland, pp. 1033-1039.

Bras, B., 1997, "Incorporating Environmental Issues in Product Realization,” Industry and Environment, United Nations
UNEP/IE (invited contribution), Vol. 20, No. 1-2 (double issue), pp. 7-13, 1997.
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2 | Campbell (Egi) ggggﬁ;‘mﬁ%mawmw gg&@mx%ﬁﬁmwwmﬁ\
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o FRZEEEE T )ZEAER (The University of Nottingham) AYSamantha L. Y. Tang, Richard L.
Smith#Martyn PoliakoffFiig Lt - EBFMac=BEE12I8/RA -

P: Prevent wastes ([ 8) T: Temperature, Pressure ambient (&f15E)
R: Renewable materials (F54£) I: In-Process Monitoring (&2 H)
O: Omit derivatization steps (&1)&) V: Very few auxiliary substances (F& &)

D: Degradable chemical products (o] ##) E: E-factor, maximize feed in product (4158)

U: Use safe synthetic methods (fR%) L: Low toxicity of chemical products (1£5)
C: Catalytic reagents (#1E) Y: Yes, it’s safe (B &)
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Table 4.1 Actors, main impact drivers and exposure over the product life cycle of toys

Life cycle stage Actors Main impact drivers and Ewvaluation tools and Management tools and
exposures challenges entry point
M {1 ES 52 Fn A 4] U o5 4|
A 1'5’ Nl E == 'Jrj = 7 1757J ~ i 2 Oil extractionand  Oil companies Worker exposuresand  Life cycle inventory of
E/‘J 17 F\.'J A E 'f IS %E-jd An J//{ & P2 H]é % % J refinery industrial releases raw materials and oil
PN EEMEEEE T ARE o
\ Ealbe= R b Ky B S Chemical Chemical and plastic Worker exposures and Environmental genome  Supply chain
2’{ & = *E i:l EI/\J R Az 22 H%J tj JEH EI/\J / and plastic manufacturers industrial releases of industrial products management (SCH)
A TEZEGIP - FEERIERTTE manufacturing (EGIP) (Dvercash 2016)
J/\/{ 75_2 }E % ﬁﬁ 2?2 ?‘2 ﬂaﬁ ?ﬁé 1% J@_\ ﬁﬁ% Toy design, Original equipment Product design worker  Design for Environment  SCM, ensure traceability
I, MHE S manufacturing, Manufacturers, market  exposure and industrial ~ worker exposure of products, components
3 ( SC MZEZZU_ 7 j\“: E E |/:|) '\LTE assembling surveillance enforcement  releases assessment (Kijko, Jolliet
Chk 0 o] BE = A Al B R A2 #9 4H authorities and Margni 2016)
JT%_\ F'l:ﬁ EE?E ?__I'E = o Trade - Retailers, traders, Transportation Disclosure of product Retailer disclosure policy
distribution, retail enforcement authorities compaosition labels
testing organizations
Purchase anduse  Consumers, NGDs Near-field exposuresto  Product Intake Fraction
chemicals in products,  modeling (Fantke et al.
BNergy usage 2018)
Recycling Recyclers - hoth formal ~ Chemical residues Material flow analysis, Dismantling as focus for
and informal sectors and contamination of life cycle assessments  informal sector, recycling
recycled material (LCAs) and waste treatment for
formal sector
Waste Municipalities, waste Waste treatment End-of-life LCAs From waste management
EEEEY R{LEY SR management treatment facilities, releases to resource management

recycling facilities, etc.
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HEHE Ifs.=)
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a (i} 3 o > i
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TEEwRE 6,440,100 AFr(kg) 35/310 6,440,100.00 B81% ER BHNLARAEER 10%) BESR 2.64E+04 E(kwh) 8T % FiREB1%) 4.10E-03 B (lewh)
TEREE—3 1,494,025 Afrka) 1,494,025 19% |2E 6.20E+03 E(kwh) ETHEARM=§1(19%) 4.15E-03 B (kewh)
EFTRER [P——— EhERE B - Rt ER (SAEE0A M8 & AEEIRE()
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