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defined and in accordance with the

been excluded which could reasonably be regarded

on of product alternatives explicitly stated?
1 of product alternatives consistent with the

onal unit specifies the material
ok in the reports immediately after the
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been given to justify this?

Have the data (especially for energy) been collected
geographical areas and for the appropriate technological
the objectives of the study?

AL OA
Are products which may reasonably be regarded as complementary products
included in the analysis and if not, has an argument been made to justify their
exclusion, based on a sensitivity analysis?

Is the allocation method for multi-output processes stated (e.g. for agricultural
products) and is it reported that the chosen method is appropriate?
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] Carefree from Barth
“system BleService

napkin system has the lowest

and drinking water resources, and the lowest
0, and SO, 'ﬂm BimServme system does not have
I'he Carefree napkin is therefore recommended.

: the pulp production would give further
mﬁ& pﬂpﬁn@%n.'ﬁﬁﬁncenamty on this conclusion is very

arison (afthg eﬂ

"monmental effects of two existing

. ! bas
: . bem fed O“t”‘MﬂV 1993 by Elsie A. Masters of Masters

County, Denmark a5 part of an effort to

Caunty uses napkins in

¥

£4: iru,:.,n

for baby napkins have the least

possibility and feasibility of improvements.

The study has been made on the two systems as they appear today, w1th0ut
regard for future changes or other options. Thus, it is possible that the
inclusion of other napkin service systems or other brands of disposable
napkins would lead to a different conclusion.

The study has been performed specifically for use in Storeby County and
therefore has limited applicability to other geographical conditions. Thus,
the conclusions of this report should only be used to choose between the two
investigated systems as they appear today in Storeby County.

3.3 Financial involvement

The study is financed by an EC regional grant administered by Storeby
Council.
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Two Fictional Life Cycle Assessments

P” duct definition and product alternatives includeq
3.4 Produ

d are the disposable paper napkin Carefree frop,

mpare
The products to be co : i ;
p sable cotton napkin service system BleService,

Barth AG, Kiel and the reu

ompany BabyBackup. B
d individual families) rent a specially

d by th leService is a rental system in
operated by the ¢

W n
hich ﬂ'le users (Chlld care centres a :
d€Slgned cotton Ilapkhl WhiCh IS de].i.Vered and CO“eCted twice Week y b”

BabyBackup, Storeby (once weekly for individual families).

The two mentioned alternatives are regarded as the only alternatives
realistic for Storeby County. It has been considered to include other
disposable paper napkins but this has been rejected for financial reasons,
since Carefree is the cheapest napkin on the market. It has been considered
to include ordinary reusable cotton napkins without the accompanying
collection, washing and delivery service. However, this would imply that
the employees at the day nurseries would have to do the washing, which has
not been regarded as an acceptable (comparable) alternative to the

disposable paper napkins (Garde 1993).

The product unit to be compared can be defined as:
“the number of napkins necessary for comfortable and hygienic

treatment of one average child until the age of 2.5 years."

No correlation has been found between the type of napkin used and skin

irritation (Nylander 1991). The two napkin systems are therefore regarded
as equivalent in this respect.

The age of 2.5 years is regarded as

the average "napkin period" (Nylander
1991, Bast & Diehl 1990, and Fran

klin Associates Ltd. 1990).

I , %
‘: the'ir comparative study for the American Paper Institute, Franklin
ssociates Ltd, (1990, P-2-7) use 3 number of 9.7 cloth napkins per day based

on "data from vari
arious sources i ; ) :
(which) were quite consistent”" while

22

Fictional LCA reports — excercises

estimating a figure of 5.4 changes of disposable paper napkins based on the
total sold amount of paper diapers multiplied by the market share (85%)
divided by the number of children in the "napkin period".

In her study for the paper diaper producer Mlnlycke, Nylander (1991) uses

the figures of 5 changes per day for disposable diapers in the first 2 years and
twice a day in the last half year totalling 4000 changes. She estimates that

one extra daily change is necessary for cloth diapers.

Based on both market estimates and interviews, the independent study of
Bast & Diehl (1990) reaches a figure of 5567 napkin changes for paper
napkins with a high estimate of 6000. For cloth diapers they use 7000 napkin

\
changes.

Our own investigation shows that BabyBackup delivers 60 clean napkins
weekly to a family with a child up to 4 months old, 35 napkins until the age
of 12 months and thereafter 25 napkins per week per child. If these figures
are corrected with three extra napkins per day (disposable napkins are
supposed to be used when the child is handed over to the day care institution
which perform also two changes) it gives the figures: 11 napkins per day in 4
months, 7.4 napkins per day in 8 months and 6 napkins per day in 18

months, which gives an average of 7 napkins per day or a total of 6400
changes in 2.5 years.

The results of the different investigations are summarised in table 1.

Table 1. Different estimates of the number of napkin changes per child

Franklin Nylander ‘ Bast & Diehl “Own estimates
Associates Ltd. | (1991) (1990) |
ot eali(19800 e GUOT e e iy g |
Disposable 4900 4015 5567 ‘ (5300)
Resusabla 1 | rormd e o000k b 4900 7000 6400
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e two systems. There

ins demand more

apkin changes and disposa.

m the Buropean studies. We
Jates of 6400 re-usable napkin

able napkin changes.

ble if the difference was higher.

: £ 10% on the ratio between the two

a wide ce of 5050 to 6550 napkin changes and a
‘between the two systems of 5550 to 6150.

es Ltd. (1990) calculates the lifetime of re-usable napkins
ed at home ‘be 180 washes, based on an estimated purchase of 48
s per child and an average napkin change rate of 9.7 per day. Bast &
~ Diehl (1990) makes a similar calculation based on a purchase of 50 napkins
 for the first child in 2 family and an additional purchase of 20 napkins for
the following children, 7000 napkin changes per child and a (German)
distribution of child-families of 30% with one child, 43% with two children
and 27 with more than two children. The resulting figure is 191 washes per
napkin (our calculation). Nylander (1991) estimates a purchase of 35
m per child. Neither of these studies considers the possibility that
napkins may be on from one family to another, an event that we
regard as very common. On average, we estimate that this may lead to an

extra 20-40 washes per napkin. Based on market statistics showing a figure of

?B lﬁesg!ernapkm in napkin service systems, a 70/30 ratio between reusable

m sold in retall anc! to diaper services and 4 13/87 ratio between

‘j{ ol (1;;1;66 byl Sapkia Szl;ce smems and in private homes, Lehrburger
Hetime for privately washed napkins as 78 x

e et e e

24

calculation would
conclusion, s
washes.

i

However, the lifetime of reusable napkins in |
shorter than the lifetime of napkins washed at
the need of the service system to deliver an optical
are more willing to accept spots on the napkins if they ki
has been made by their own child).

Ty

Surveys of napkin service systems in U.S.A. indicate that napkins in a i
service system are withdrawn after between 50 (Franklin Associates Ltd o
1990) and 78 washes (Lehrburger et al. 1991) indicating a withdrawal of 2%
and 1.3% respectively of the napkins per wash.

To improve the lifetime of their napkins, BabyBackup remove spots from
the napkins with sodium hypochlorite (4% chlorine). This treatment is
necessary in about 4 % of the napkin washes. Due to this treatment, the
lifetime of the reusable cotton napkin is estimated by BabyBackup to be 150
changes. It has not been possible to verify this estimate, since the
BleService system has not been in operation long enough to measure the
actual lifetime. However, 150 changes being the average of the 78

indicated by Lehrburger et al. and the 220 estimated for private napkins, we
regard the estimate as reasonable with an uncertainty of +/- 50%.

3.4.1 Complementary products

The reusable cotton napkin is used together with a pair of plastic lined
cotton trousers also delivered by BabyBackup. One pair of trousers is
estimated to last for 6400 napkin changes.
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Carefree newborn:
Carefree medium:

Carefree maxi:

From these figures, the average weight of a pap
to0 59.4 g.

3 o ] .!I"
o Liokring of a0is

Since the relative composition of the different napkins is approxima
same, the average composition is calculated from the maxi size (which has
by far the largest market share). According to product information she

".."Car efree” from Barth AG Carefree maxi consists of: & 1
Fluff pulp: 49 ¢
Paper tissue: 5g
PP-lining: 5ol
PP—proII IParafin—glﬂ PE-foil: 5g
8 E Paraffin-glue: 6g
PPl Total weight: 0¢g
9
The uncertainty on this information is estimated to be low, i.e. +/- 5%. The

composition has been roughly verified by approximate measurement of each
component.

Carefree maxi is delivered in packs of 64 napkins in a PE-foil (measured
weight 80 g, i.e. approximately 1 g per napkin).
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the disposable
| impacts of the twq
of the products. The
ystems is preferable
enmark. The

- environmental

re recommended
em in all their day

The number of napkins used will be the same for Ehe tW@ &Yﬁm&
children are changed twice while staying at the day nursery: once :
11 o'clock and once more shortly before they are collected by the
In both systems, the second change will be with a disposable napkin to | i1
the reusable napkins from disappearing (Garde 1993). Thus, the comparison
is between one daily change with a reusable napkin and one daily change
with a disposable napkin. The average number of children in the day
k Friday of R. Crusoe Ltd., La nurseries in Storeby County is 25. Thus, the yearly consumption of napkins
Ry s o in one day nursery is 25 napkins/day x 5 days/week x 52 weeks = 6500
napkins. This figure is used in the further calculations.

 the disposable paper
cusable cotton napkin
1 iﬂah’y BabyBackup, Storeby.

pkin systems is preferable for
1 respect to the total

The lifetime of the reusable cotton napkin is estimated by BabyBackup to
be 150 changes. To improve the lifetime of their napkins, BabyBackup
removes spots form the napkins with sodium hypochlorite (4% chlorine).
The estimate seems reasonable since both Franklin Associates Led. (1990)
and Lehrburger et al. (1991) estimate a lifetime of 180 washes for napkins
washed in private homes and a lifetime for napkins in a service system of 50

and 78 washes respectively (presumably without spot removal).
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the production, of which

the rest goes to industrial

The material flow related to 6500 changes of
calculated as follows (numbers in italics refer to
_Pllm = 2 ) i
Fluff pulp for napkins (3)

Pulp for tissue paper (4)

Net amount of pulp

for which is needed:

Wood (1)1.8 cubic metres (5.1.m3 / t pulp) or
(wet weight , 50% water)

Auxiliary materials for pulp (2)

Oil derivatives:
PE (6)

PP (8)

Paraffin glue (10)

Use:

Napkins incl. packaging (11)

(155 kg / t pulp) 54.7 kg

(6.8 g x 6500) 44 kg
(5.5 g x 6500) 36 kg
(6.6 g x 6500) 43 kg

(71 g x 6500) 462 kg




4.7 Environmental effects of the p
"Carefree”

4.7.1 Transports

The transports related to 6500 changes of Carefree are: :

il Forest to pulp mill: 1835 kg transported 60 km by rail and 90 km F
road (Tillman et al. 1991).
From chemical producers to pulp mill: 55 kg transported 100 km by
road (estimated).
From pulp mill in Siiffle to napkin producer in Kiel including return
waste: 350 kg transported 700 km by rail (actual distance). A factor 2
has been used to accommodate for the high volume (Jensen 1993).
Pulp mill to tissue producer including return waste: 38 kg transported
200 km by road.

d comes in 3 sizes. The From tissue producer to napkin producer: 36 kg transported 700 km by

rail (estimates).




ounty: 462 kg
1sed to accommodate

aste truck (estimated).
extra fuel use in waste

: to Héssleholm
Hissleholm to Kiel

8. Steningsund to Halmstad
9. Halmstad to Kiel

10. Paraffin to Kiel

11. Kiel to napkin user

15-16. Waste transport

Sum

To calculate the equivalent energy consumption we use figures for Danish
conditions according to Miljgministeriet (1992): 3.1 MJ per tkm for trucks
and 1.0 MJ per tkm for rail transport giving a total of 1592 MJ.

4.7.2 Forestry

According to Tillman et al. (1991) the felling of trees use 88 MJ diesel/m3
and the inherent energy (feedstock energy) in wood is 9500 MJ per m?3.

4.7.3 Production of auxiliary chemicals for pulp production

1.7 kWh electrical energy per kg (Estimate by Osterdal 1993).
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: Emissions from the combustion of gz
et al. 1991) from Tillman et al. (1991) assuming
5 produced with oil and gas:
1 et al. 1991) 42 ¢ CO ;A B
o) 439 kg CO,

00 98 g dust
et al. 1991) 59 g HC
975 g NOy
1287 ¢ SO,

4.7.6 PE-production

Figures for LDPE production have been taken from Boustead (1993a):
Input: 79 M] oil and gas including 48 M] inherent energy
10 MJ electrical energy
24 1 water .
Output: 1 kg LDPE-granulate

Emissions: 0.9 ¢ CO
1.25 kg CO;

The data on this 1.5 ¢ COD
3 g dust

200 HC
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The PP-liner is produced by P
supplied by G. Bergled, Polynet AB:
Input: 1000 kg PP-granulate
3000 kWh electricity fiok
(Kindler & Nikles 1980 give a f : e of ]
Output: 1000 kg PP-liner 7 R 10 B

on this.

ity per kg recycled PE.
4.7.11 Paraffin-glue production
alsih

o A.L 1) We have not been able to obtain any data on this production. We have
R rmd ﬁ',]f‘;_ P

é‘ﬁﬁ‘iﬂ&f wm@m‘m* !/
i!ﬁir  tak ﬁ;ﬁ.@mB@ustead (1993a):

therefore used average values for refined oil products from Boustead (1993b):
Input: 50 M]J oil including 45 M] inherent energy
0.2 kg water
Output: 1 kg refined oil product
Emissions: 0.08 g CO
284 ¢ CO,
0.01 g COD
0.34 g dust
2.9 g HC

E
.
! |
E.
i
:
i
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: calculated

incinerated. The emissions are calculated using the

Tillman et al. (1991).

Input: 1 dirty napkin
1 g PE-foil from package

Output: 0.8 g CO (1 gM] x 0.8 M] paper) b o
44g CO; (3138 g/kg x 14 g petrochemicals calculated. as PE)
0.92 g dust (20.0 g/kg x 46 g paper) ;
0.08 g HC (0.1 g/M] x 0.8 M] paper)
0.22 g NO, (2.67 g/kg x 46 g paper + 6.88 g/kg x 14 g PE)
0.024 g SO, (0.03 g/M] x 0.8 MJ paper)
1 g solid waste (Ash: 20 g/kg x 46 g paper)

4.7.16 Energy supply

Diesel is used in transport and in forestry. The felling of wood uses 88 MJ/m’

mption for re-
x 1.8 m3 = 158 MJ which shall be added to the 1592 M] diesel used in

ater consumption for




umption takes place
 produced at Danish
1 factors for these have
ted with the figures
mer (1990). We have
f the NO, -emissions have
c reduction. The
ted assuming that all
1 by ship using figures
for 1 kWh are:

also for th mar

R
"[E'iﬁé: Es:gqof fossil fuels used for therm
summarised as follows:
'/I: 'ujé .plréduction: (5.5 g/napkin x 650!
PE production:

P production:
Slue production:
Total:

The emissions from the combustion of oil and gas in the above

have been included in the reports of each process.

The amount of inherent energy in raw materials can be summarised as

follows:

Wood: (9500 MJ/m3. x 1.8 m3) 17100 MJ

PE: (48 MJ/kg x 44 kg) 2112 M]

PP: (48 MJ/kg x 36 kg) 1728 M]
Lue: 5 MJ/kg x 43 kg) 1935 M

Total: 22875 M]




ributor to laundry

I Total

'\!‘j\ ¢

4.8.2 Cotton growing
i R A
The cotton is Ecotton® organic cotton grown in Kharamanmaras, Turkey.

Information is supplied by van Esch (1993). Organic cotton growing implies
that no pesticides are used and that fertilisation is restricted to leguminous
wastes and animal manure (regarded as a waste from meat production).
Thus, this particular cotton growing is regarded as having no emissions.
Energy consumption for irrigation and working the land is estimated to 7500
M] per ha. The yield is 5700 kg per ha giving an energy consumption of
1300 M] diesel per t cotton bolls.

4.8.3 Cotton ginning

In the gin (situated at a farm in Turkey) the seeds are removed and the
cotton is cleaned and dried. Information from van Esch (1993):
Raw materials: 100 kg cotton

20 1 water

1650 MJ diesel
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eI QWEWME

3 RA ?Z«fﬁ??,

@ﬁwﬂh sodium hypochlorite (4% chlorine) in the fu:st of the two
gs. Information supplied by Hansen, Storeby Linen Service:
10 dirty napkins : o
20 litres of ion-exchanged drinking water
18 g Danasoft detergent

0.05 ml sodium hypochlorite (4% chlorine)
0.19 cubic metres gas x 36.6 MJ/m3 = 7 M]
0.16 kWh electricity

10 clean napkins

125/ COD

: 17 e

e amount of sodium hypochlorite is regarded as negligible.

4.8.9 Energy supply

The total diesel consumption can be summarised as follows:
(1300 MJ/t x 6.5 kg) 8 M]

(1650 MJ/97 kg x 6.3 kg) 107 M]
1790 M]
1905 M]

Cotton growing:
otton ginning:

65
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kg) 390 M]
.5 kg) 60 M]

9.5 kg) 20 MJ

es
Il

05 MJ

(from coal) 4822 MJ| 1055 M] (from coal)

(from oil/gas) 2711 M] 75053 MJ

(mainly from g
875 M]

mainly in wood)| (cotton + deter

‘pﬂper napkin life cycle, the pulp production is responsible for
imately 90% of the water consumption (total 14 m’). Nearly all the
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have been prepared for Storeby County, Denmale comp:

mental effects of two existing systems for baby napkins:
- paper napkins and a reusable cotton napkin service system. The
s have been carried out simultaneously in the spring of 1993 by
dependent consultants: Elsie A. Masters of Masters & Co. and Frank
of R. Crusoe Associates Ltd. The two studies are based on much the
ta but reach different conclusions mainly due to differences in the

boundaries. This comparative peer review found positive and







tween
azardous waste

technology (in
wer plants for
on) may give a
e production
| somewhat

ach which

». & i W /
place in Sweden (where

icrease in the output
power or nuclear power
h is the basic

hind using marginal
ology for electricity produc-

by
s

ias is further aggravated by ¥ mony aol
mption that emissions from wr e ok (OBRH
power and nuclear power are

ble.

INHERENT ENERGY

'heat recovery is assumed, then Inherent energy is reported, but the
e inherent energy resources in author overlooks the (possible?)
‘materials should also be ac- heat recovery from incineration.

counted for (they could also have
been used directly for energy pro-
duction).

) CO-PRODUCT ALLOCATION

Animal manure (for cotton
growing) is regarded as a waste
product from animal husbandry.
This means that the emissions are
not included but allocated solely to
the animal production. It can be
discussed whether this allocation is
correct since the manure has a
value for the cotton production and
would have to be substituted by
artificial fertiliser (or green
manure) if it was not available.
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uld only be reversed
er emissions were an
magnitude larger." These
gements and expressions
weights does not appear
y supported to sustain the
uous conclusion. It would
n preferable to have a

e balanced discussion of

t approaches to evaluation
their possible outcomes.

parameter (p sphc
alsm be performed
parameters.

The evaluation does not
differentiate between renewable
and non-renewable energy sources.

MANAGEMENT OF UNCERTAINTY

Jneertainty is reported for all

~ figures, although mostly only as
~ estimates based on general

assumptions which are not further
substantiated.

The description of the method used

for sensitivity analysis is too
superficial for the peer review to
repeat the calculations.

Although the result seems clear it
is not possible to judge the degree
of validity of the result since
uncertainty is not reported







"peer review" of the reports, the student will discover the mistakes

berately built-in and see how these affect the conclusions of the Teports.

to be able to read other life cycle assessments critically, the
iew" process involving the fictional reports may be sufficient.
r, for the advanced student this does not substitute "Learning by
Ng", i.e. the need to actually perform a life cycle assessment in order to
-‘S:Vith the problems themselves. Even though the student will have




mp ol
eneric product comparison)
odes of conduct
Group exercise: Peer review of two LCA
1. session: The sections on objectives, product
~ alternatives and process trees

BN e of LCA's with special emphasis on the problems of sys it

| nd day:

2.1 A three-day course

The complexity of life cycle assess
subject in a short time. At least

seisrbE Wil e b

- boundaries and allocation methods (e.g. an LCA from the ene;
sector)

- Lecture: Defining system boundaries

’” - Group exercise: Peer review of two LCA reports

2. session: The system boundaries

Example of an LCA with a broad selection of parameters (working
environment, social aspects)

Example of an LCA with special emphasis on the evaluation method
Lecture: Methods for aggregation, normalisation and evaluation
Software demonstration (plenum)

Break for a light dinner

Software workshop: Hands-on experience guided by software experts.
Presentation of further software tools

3nd day:

The text-book "Environmental assessment of
EEE, as well as the "Two fictional life cy
purposes” should be mailed to the partic
course. The textbook gives the foundations for
the first day (see course plan). Chapter 5 of
for life cycle assessments"), together W@i\

products" publicated by UETP-
> assessments for educational

> at least 14 days before the
the introductory lectures on
ok ("Quality criteria

f;@; work sheets in secti f
R S gmdefmthglgmgg K sheets in section 4 o

Group exercise: Peer review of two LCA reports

3. session: The methods used for aggregation, evaluation and
presentation

4. session: Data quality and sources

5. session: Sensitivity analysis :
Lectures/workshops on LCA for eco-design and/or qualitative
methods and quick results

Evaluation and conclusions

Emphasis should be placed on giving real life examples of life cycle

TR, 4;_.*.,_\.-.!(_,:.-{5 Beiie

assessments (preferably through guest lecturers from the involved

enterprises, consultants or authorities) highlighting different practical




ﬁmmmaiumrt@fuot'ﬂmwﬂlr
‘_pge&dmyudgemaspectm&ymt

Il the information
under the

ftware demonstration on the second day is included to introduce the

ants to state-of-the-art software; its advantages and shortcomings.

participants need not to learn to use the software. Software containing

ase-study data may also be used by the teacher in the plenum
ussions following group sessions 3 to 5. At present the dara on the baby

Pro, obtainable from Pré, Bergstraat 6, NL-3811 NH Amersfoort,

appropriate heading (here "product d o :
2nd session: System boundaries. The groups should mncentrate on the
dmryuonsefﬂlem@@mductwm(hﬁ;t Jl .

mmmpmofthezepom’ iden
,ﬁed;nthetworepomv

: Ber The Netherlands; telefax: (+31) 33 611 046,

PLA Educational Tool with LifeWay, obtainable from Visionik Aps,
Vendersgade 29 st.tv., DK-1363 Kgbenhavn K., Denmark; telefax: (+45)
3313 4240.

Obviously, the data may be entered manually by the teacher in any other

ofessional software. SimaPro also has a data export function.

The subject of the last afternoon may change depending on the nature of
€ course and the audience. Obvious issues to address would be
rovement assessment (sensitivity analysis and feasibility assessment of

- tesults) or application of LCA in the professional contexts of the course
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e of group work
decisions:

aries, choice of
strategy.
ountered during

‘ ric i t tl d .n ce with their data
olerroon stca:tcgy %ﬁ mﬁectefiﬂa i;% are entered into the
computer seftwame teacher be available for
tclephoge‘ onsulta M A mmmumof fe:ur weeks should be

1'day  In groups, the participants discuss the

el % collection and in the use m ﬂ;g Pmbicms encountered in
groups present m m@ XD

plenum discussion. ( @

es Qf common interest for

have access to a computer,

both during and between the course sessions. One computer per person is

are Most often spread out
.xercises. For this purpose, the 5 se
e regarded as separate exercises. If time .‘
-,ed to report their findings in writing. The ;
d be gathered into one report which would then be a cem
of the two fictional baby napkin studies, resembling the

swer in section 5. of this teacher's manual.

s should be arranged so that they relate to the exercises. Lectures

> a mixture of theory and practical examples illustrating the

eview exercises may be followed by computer exercises and a set
in which the students plan a life cycle assessment on a product
their own choice (or chosen by the teacher). Each of the planning
ctives, product definition, system boundaries, choice of

, evaluation method, data collection strategy) may be regarded as

exercises even though they are performed on the same product

',d’ the students could continue, the following semester, with an
! course in which they carry out the data collection prepared in the
€ The collected data would then be used in an evaluation phase

..nted in a full report on the life cycle assessment performed.
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atives 14

auxiliary chemicals for pulp
production 51

avoided emissions 37

bleaching 62

capital equipment 26

choice of alternatives 13; 14
choice of parameters 77; 78
co-product allocation 79
complementary products 15; 25
composition 46

conclusion 16; 41; 70
consumption of fossil fuels 36
consumption of thermal energy 66
cotton ginning 61

cotton growing 61

course plan with three sessions 90
data quality 13; 17; 80

detergent 62

economics 38; 69

electricity consumption 66
emissions 32; 35

emissions from the combustion of oil
and gas 59

energy consumption 17; 63; 67
energy consumption B e two
napkin systems 67

energy supply 34; 57; 65
equivalent energy consumption 51
evaluation 13; 16; 39; 70, 81
financial mvolvement A

ilgw chart for BleService napkins 33;

nts for the selection of pmdm:t

lifetime of a reusable napkm 25
lifetime of re-usable napkins 24
lifetime of the reusable cotton napkin
25;45

limitations 14; 77

limitations in life cycle 26

main air emissions (in kg) for the two
napkin systems 68

main water emissions from the two
napkin systems 69

management of uncertainty 81
marginal or average technology 78; 79
material flow 14; 27; 28; 33; 46; 47; 48;
49

material requirement 63

missing data 17

modes of conveyance 17

napkin changes 23

napkin period 22

napkin production 56

noise levels 38

number of napkins used 45

objectives 13; 14; 76

objectives and target group 44

oil derivatives 29; 47

paraffin-glue production 55
participants own data collection 92







