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Application of Probabilistic Health Risk
Analysis in Life Cycle Assessment

Part | : A General Framework for Uncertainty and Variability Analysis of
Health Risk in Life Cycle Assessment

Choi, Kwang-Soo - Park, Jae-Sung

Environmental Epidemiology Division, Department of Environmental Risk Research
National Institute of Environmental Research, Seoul, Korea

Abstract

Uncertainty and variability in Life Cycle Assessment(LCA) have been significant key issues
in LCA methodology with techniques in other research area such as social and political science.
Variability is understood as stemming from inherent variations in the real world, while
uncertainty comes from inaccurate measurements, lack of data, model assumptions, etc.
Related articles in this issues were reviewed for classification, distinguish and elaboration of
probabilistic/stochastic health risk analysis application in LCA.

Concept of focal zone, streamlining technique, scenario modelling and Monte Carlo/Latin
Hypercube risk analysis were applied to the uncertainty/variability analysis of health risk in
LCA. These results show that this general framework of multi-disciplinary methodology
between probabilistic health risk assessment and LCA was of benefit to decision making
process by suppling information about input/output data sensitivity, health effect priority and
health risk distribution. There should be further research needs for case study using this

methodology.

Keyword: Life Cycle Assessment, Health Risk Assessment/Management, Uncertainty/
Variability, Focal Zone, Streamlining Technique, Scenario Modelling, Probabilistic
Health Risk Analysis
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Fig. 1. Life Cycle Assessment framework(ISO, 1997)
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2 =554
=A 2 3183 (Society of Environmental
Toxicology and Chemistry: SETAC)|A] A A| 3}
ISl AR BEEREAFERS #A=
Fig. 33 ZTHSETAC, 1998) 2

22o] Egslolol & Quel I3} 2
Fol et Holsh 9 5 et ek
7199, #42, A71E, oA 2912, W
M SO prold BEL A4aH ol
o8 B 8RR daAE Fhdoz
ok

AR FES 2GS ESRAS Sy
73 =i

Of

2ALste] e

o

Ch A&km 7 (Impact Assessment)
AFGG7t ARG FHE =
(Inventory Table)9] A#E Qoksly 374 =2
3} (Environmental Profle)& 2 EE3IT th
= AF AAFolA HAYEE CO, NOy, SO4
=9 r1ogA T 2AFHAXTE E& AAakst
of AAgth o] ©AAME AR Est

(o

oy AdEHE B

(Uncertainty)©] 47} =

-
-
Hre 97 Zzage A%

92 ol gel PAYPALE

ASAR QAL FFH Aol A

i,
2 riz

%0,

o

(d

ftl

i

N

ftl

rr

=

2

ol

N

N

H

T my

lo

o
R
oo ok X

ARshs Aol BHolt BRIt 2
AL olgdAY 24 FH WA AxEol
3 | 744 87

2. A28 ZA|

P SHEYEF fd HE

A4, B4 Aol AFAE 2]

© B B

VS
=1
= [e]
T ds X

4 N

Impact Category

Life-Cycle
Inventory
Resulits LCl
results
assigned
(ideally to impact
elementary flows) category

\_ o | N

Category }---°~ )

Assigning Category
Legend for Inventory results Modalling

Arrows: = - || e >

Association of Category Indicator
with Category Endpoints

(ideally based on
environmental mechanisms)

Life-Cycle Assessment: Relative Analysis, based on Functional Unit, Allocation, etc.

il 200

72

Actual Environment

Absolute Processes: Analysis, based on Total Concentration with Temporal,
Spatial, Biological, etc., Characteristics

Fig. 3. The structure and relationships of Life Cycle Inventory Assessment(SETAC, 1998)




By

BIE / TAREE I U0 HEEX HPFEEIY XS Patl 189

AE A4 dARH7EE Fdste Aol #
steh A7t M e Hretaat sl Al2E
= A I EE ALY S YRR & A
AA ol ® HAge] ALFo R ATt A
of we} FAALE R HALA 2 Y
e T Trinius 5, 1999) 20)

HAA A 2 2 & (Whole System Model) & A3}
7 el tsiA e o 9l 2
9s #Mste ZAoE ug B HolHE
7IREe. 2 317 wiel] SJApAAel Slof AIghe s
7t oy FAIA Q] B (Physical Model) &
AAgE=E oot lvh Wb HAAAE R
(Minimum System Model
TS Ao R 7] el SJabAA el Slo]
A otha A84E S 3 Algke wlo]E 9}
A sl AARHIIE A A A
FHORE AREE 5 QA Frh= ARl Stk

HoA 2 RY AA, Fod 545 P34t
A FEs EAstsok b (
elicitation and documentation of those precise goals),
=4, B7AE A9 202 Y JIRAE
AXsk=dl Bgek 714 AR oFSTH A clear
mechanism for deriving scope from the goal(s)
stated by the actor). ©]23t ZAES TFHA7]7]
AshA A rE Ao] FHHF(Focal Zone)©|th.
FHMFE Folzl F7EAe] oAb el ol
A FAHCR AT FiEO AIAFHEY o)
2 AolFAYH(A system model of part of the
physical reality based on part of a given actor s
decision scope). ©]2g F7izke] TS| et

2l
°

X

_!
X
fr
F
¢

o
4z

o Mr
)

o

fitl

N

AR

ofr

o

o
T

o rlo

n explicit

i

IO ™ o fo
N
sy
R
N
A
i
i)

Yol ¥3 FHHFI} of
7l A A gt
OJAHA 7 9] (Decision: Scope/Goal) & 4 2] 8}7]
93l A<= (Priorities), A1 3 ¥} (Preferences),
A - AA -7 - SAHCE E7H G AL
(Constrents) 5-¢ 24310} ek, 227}
A= olo] we $WWFIL 495 2
doleel 43t Hrloy wAE BRAL
A wep AFol Avlael Azl
Qe Brere Rolam AvlAsh Wa
Ao, 717 Y Fol JAWSTE HA
(Toxicity) < H(Epidemiologic) AF5.7} &€ 2.3}

s 7]e A s dAle AYE gtk

TR HE ox ofN
©,
9,
o,
kv
o
R

rorr oy
X
o
N
rlr
=
o
o
o
N
O
N

fo Lo

d
5
X oox I 3o o

A m

3. SE3 MX™EI} 7|H(Streamlining LCA)

~ T

(Streamlining) 7]
(Ful LCA)= 2
H, Frhdel ok A5t Al gkE ] AL

Al ol §7kse 1A EA Aol AgkE o] 9l

Table 1. Resolution and Data Quality in Relation to Focal Zones(Trinius et al., 1999)

Actor’s Context Focal Zone Scope Data Quality Resolution
Direct interest Primary Includes process High High
Low to zero process(aggregated
Indirect interest Secondary Includes Medium ZEop ( gg 8
Processes plugged-in)
No interest Non-focal Excludes process Not relevant Not relevant
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Table 2. Summary of procedures for applying streamling methods(Hunt et al., 1999)

Streamlining Method Application Procedures

Removal of Upstream All processes prior to primary! material manufacture are excluded. Includes fabrication into a
A Components finished products, consumer use, and postconsumer waste management.
B Removal of Partial All processes prior to primary material manufacture are excluded, with the exception of the step

Upstream Components | just preceding primary material manufacture.

Removal of Downstream . .
C All processes after primary material manufacture are excluded.

Components

Removal of Up- and Only primary material manufacture is included.
b Downstream Components | Sometimes referred to as a “gate-to-gate” analysis.

Specific Entries Used to | Selected entries are used as proxies for 24 impact categories based on mass and subjective
E Represent Impacts decisions-other entries within each category are excluded.

Specific Entries Used to | Search for specific entries from segmented LCI that correlate highly with full LCI results-other
F Represent LCI entries are excluded.

Use of Qualitative or Include data for processes that dominate results, based on initial screening LCI;
G Less Accurate Data other process steps qualify for less accurate data or are excluded.

Selected processes were replaced with apparently similar processes based on 1)

H Use of Surrogate physical, chemical, or functional similarity to the data sets being replaced;

Processes and/or 2) availability of data in Franklin Associates’ private database.
I Limit Raw Materials(<10%) | Raw materials comprising less than 10% by mass of the LCI totals were excluded.
J Limit Raw Materials(<30%) | Raw materials comprising less than 30% by mass of the LCI totals were excluded.

*Examples of primary material manufacture are polymerization of a plastic, smelting of a metal, etc.
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Table 3. Definitions of scenarios(Pesonen et al., 2000)

Author Definition
“One possible picture of future conditions of the object and its environment; above mentioned
Bartusik and Cabala(1997) conditions are described by characteristics of the results of given sequences of events (situations)

and factors which disturb the natural run (evolution) of these sequences.”

Gausemeier et al. (1995)

“A description of a complex future situation that occurrence can not be predicted for sure as well
as the presentation of the development that could lead from the present to the future.”

Hansmann (1983)

“A description of the development of the object of the analysis in alternative framework
conditions.”

Merists (1991)

“A holistic script about the future, which defines the working environment of a company based
on different assumptions and descibes the paths form present to the future.” and “Possible, but not
necessarily ptobable views of the future.”

Mesarovic and Pestel (1974)

“The consequences of possible decisions, measures and events are called a scenario.”(e.g.
population scenario)

von Reibnitz (1991)

“Scenarios are descriptions of a future situation and the development respectively the description
of the way which leads from the present into the future.”

Scholz (1996)

“In contrary to prognoses, scenarios do not try to predict the future. scenarios do more try to
“throw light on thinkable future possibilities.”

Vartia (1994)

“Scenarios are used to describe that part of the organizations’ environment for which projections
are difficult or even impossible. Scenarios give the possibility to prepare for alternative and
uncertain future options without knowing anything about the probability of the possible
outcomes. This makes the scenarios different from forecasts. Effective scenarios are distinct,
logical and they are different enough form each other so that they are able to describe the central
changing factors of the future and place questions on existing assumptions.”
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Table 4. Glossary(Pesonen et al., 2000)

Term

Description

Forecast (Glenn, 1994¢)

A forecast is a probabilistic statement, which does not mean that you believe that the forecasted event will occur.

Use of methods to identify systematically the consequences of political options and to identify alternative futures

Future research | with policy implications for decision-makers. Futures research is decision-oriented, i.e. it seeks to identify current

forces that should be understood in order to make more intelligent decisions. (Glenn, 1994a and 1994b)

Future studies
1994a and 1994b)

Exploration of what might happen and what we might want to become. Future studies is subject- or question-
oriented, e.g. what are the critical technologies that will have the greatest influence over the next 25 years? (Glenn,

Prediction

A prediction is a statement that you believe will be true. (Glenn, 1994a and 1994b)

formula. (von Reibnitz, 1991)

Prognosis

1 or). (Gausemesier et al., 1995)

A conventional prognosis captures quantitatively the actual situation and calculates the future with the help of a

A future picture that occurrence because of scientific experience can be predicted (or rejected) with such a high
probability that possible alternative future picture are negligible. The prognosis therefore has a probability of either

Prognoses can only be reliable as far as the present circumstances are largely unchanged. Therefore the time
horizon of a prognosis is limited to maximum one year into the future. (Scholz & Tietje, 1996)

Projection and 1994b)

An estimate of the future possibilities based on historical data(i.e. a surprise-free base-line forecast). (Glenn, 1994a

The most general form of a future picture. No probability can be assigned to a projection. (Gausemeier et al., 1995)

Prospective

desirable future. (Glenn, 1994a and 1994b)

The study of the future to develop a strategic attitude of the mind with studies a long-range view of creating a
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Fig. 4. Relevance of dfferent future research methods in relation to applications of LCA(Weidema, 1998b,

Recite from Pesonen et al., 2000)

Table 5. Features of the basic scenario approaches(Pesonen et al., 2000)

‘What-if scenarios

Cornerstone scenarios

¢ Field of research is well known; researcher is familiar with the
object of research

* Research object is simple

* Well defined research plan, standardized research

* Purpose of the study is to investigate consequences of specific,
discrete assumptions and uncertainties, which do not have any
long-term implications

» Comparison of existing systems(process alternatives, product
modifications, etc.)

* Operational or tactical information

¢ Field of research is new, unknown to the researcher

* Research object is complex

* Open research plan, scenarios are developed in the course of the
study

* Purpose of the research is to increase understanding about the
studied object

* Design and development (of new products, technologies, etc.)

« Strategic information

* Often serve as a base for future, more specific research with
What-if scenarios
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Fig. 5. Two basic approaches to scenario development in LCA research(Pesonen et al., 2000)
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Table 6. Examples of types of uncertainty and variability related to the phase of LCA(Huijbregts, 1998)
i Goal and scope Inventory . S : . Classification | Characterization Weighting
Source impact categories
Parameter Inaccurate Uncertainty in Inaccurate
Uncertaint emission life times of normalization
Y measurements substances data
Model Linear instead of | Impact Contribution to | Characterization | Weighting
Uncertaint Functional unit | Ron-linear categories are not | impact category | factors are not criteria are not
Y modelling known is not known known operational
Use of several Leaving out Using several Using several
U intvd allocation known impact characterization | weighting
) n<;;c11a1nty ue methods categories methods within | methods
0 chotces one category
T Al Differences in Change of Change of social
Ven}pl()).ﬁ. yearly emission temperature over | preferences over
ariabrlity inventories time time
Spatial Regional Regional Regional
VpaFl?a'l' differences in differences in differences in
artability emission environmental distance to
inventories sensitivity (political) targets
Differences in Differences in Differences in
Variability emissions human individual
between object/ between factories characteristics preferences,
sources which produce when using panel
same product method
Table 7. Overview of tools available to address types of uncertainty and variability in LCAs(Huijbregts, 1998)
Types | Parameter Model Uncertainty Spatial Temporal Variability in
Tools uncertainty uncertainty | due to choices |  variability variability | objects/sources
Probabilistic simulation + +
Correlation and regression analysis + +
Additional measurements + +
Scenario modelling +
Standardization
Expert judgement/peer review + + +
Non-linear modelling +
Multi-media modelling +
6. SMERo| ZiZABT} SEAIN qe vEEN Rat At ZRETH S
SAEZ AL H7A Yehde 23449
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Table 8. Types of uncertainty with regard to emissions, fate and effects of toxic substances(Tukker, 1999)

Type of uncertainty — L
Emission Fate Effect
Data uncertainty Type and amounts of Substance properties(fate) Substance properties(toxicity)
substances emitted Environmental information
Modelling uncertainty nr Extent to which the model nr
reflects the real world
Paradigmatic uncertainty Tacit biases and assumptions Tacit biases and assumptions | Tacit biases and assumptions

n.r: not relevant
grey: type of uncertainty illustrated in the case
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7], =9 7}%(Strength), ¥1% (Frequency)
717H(Duration), 282 =EAZ S 3 2
So] WAl T Eofol s, FAHHE 4

(8% 54 =5 299)3 A A (Bidogical

Average daily lifetime exposure =

Total dose(mg)
Body weight(kg) X Life time(days)

()
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Exposure duration X Absorption fraction
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Goal & Scoping

Hazard identification

* Focal zone
« Streamlining technique

<— | *Toxicological DB

* Human epidemiological DB

\

Inventory analysis

DOSG-I'eSpOIlSE assessment

* Products quantity & quality
* Resources Consumption

<« | *Concentration

* Response curve
* Safety factor

Exposure assessment

¢ Time

* Distribution type

Impact assessment

Risk characterization

* Scenario setting
- What-if
- Cornerstone
* Scenario modelling
* Multimedia modelling

- - Latin Hypercube Method

e Cancer risk
* Factor priority
* Probabilistic simulation

- Monte Carlo Method
* Sensitivity Analysis

Life cycle assessment process

Risk assessment process

Fig. 7. General framework for application of probabilistic risk assessment in LCA
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