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Abstract

The effects on the external environment of seven concrete and
steel building frames representative of present-day building
technology in Sweden were analysed using LCA methodalogy.
Objects of the study included frame construction and supple-
mentary materials. Several-storey offices and dwellings were
studied. The functional unit was defined as one average m? of
floor area during the lifetime of the building. Inventory data
were elaborated for concrete and steel production, the building
site, service life, demolition and firal disposal. Parameters
included were raw material use, energy use, emissions to air,
emissions to water and waste generation. The inventory results
were presented and evaluated as such, in addition to an inter-
pretation by using three guantitative impact assessment methods.
Parameters that weighed heavily were use of fossil fuels, CQO,,
electricity, SO, NO_, alloy materials and waste, depending on
what assessment method was used. Over the life cycle, building
production from cradie to gate accounted for about the same
contribution to total environmental loads as maintenance and
replacement of heat losses through external walls during service
life, whereas demolition and final disposal accounted for a
considerably lower contribution.
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LCA; Life Cycle Assessment; steel; structures, concrete and steel

1 Introduction
1.1 Background

The building industry and the use of buildings account for a
considerable proportion of man’s total impact on the natural
environment. In order to make an inventory and assessment
of the total environmental impact for the whole life cycle of a
building, information and data concerning materials, building
compenents and building processes are necessary. Tools and
methods for assessing this kind of environmental impact are
urgently needed today. The methods should be so transparent
that rhe user can determine the basis on which the results have
been obtained. For some decision areas, LCA (Life Cycle
Assessment) is a useful tool for the eavironmental analysis
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and assessment of buildings and building materials. There is,
however, a need to adapt the method of LCA for application
to these areas.

There has been ongoing collaboration in the cement industry
in Sweden, Norway and Fintand for some years to improve
the environmental performance of products and processes.
Thuis study, which is part of this work, was performed at
Chalmers University of Technology in Sweden in close co-
operation with the Nordic building material industry. Full
data and other detailed information concerning the case study
is available in [1].

internationally, several building-related LCAs have been
performed, some of them on the system level of structural
elements [2,3,4,5]. Among these studies, the need to create
systerns models above the building material level to assess
the environmental consequences of using alternative building
elements and frame structuzes is generally recognised. There
are considerable differences between the studies concerning
what structural assemblies are included in the functional unit,
what types of structures are compared, what life cycle steps
are taken into account, what environmental loads are
addressed, how the impact assessment and interpretation of
the results is performed, etc. so that the results and conclu-
stons are therefore not casily compared. Several studies show
that the impact from the use phase weighs heavily when
taken into account. As a rule, problems concerning occupa-
tional safety and health are omitted. The results from the
two studies that include a comparison of concrete and steel
frame structures [2,3] indicate, in a life cycle perspective,
that there is little difference between the addressed environ-
mental loads of these two frame structures.

1.2 Aims and objectives

The principal aims and objectives of the study were to learn
about the environmental impact of structural concrete and
stecl frames in buildings throughout the life cycle, to assess
and compare this environmental impact by using the method
of LCA, to create a computerised model for environmental
assessment of frame structures that may be used as a tool
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for improvement analysis, and, finally, to study what metho-
dological problems arise specifically when performing an
I.CA for such a complex structure as a building frame. As
there were many possible users of the results, the purpose
was rather to describe the environmental impact of an exis-
tung product system than to investigate consequences of a
specific change or action.

1.3 Methodology

LCA is a method for analysing and assessing the environ-
mental impact of a material, produet or service throughout
its entire life cycle, usually from the acquisition of raw mate-
rials to waste disposal. SETAC is an international organisa-
tion which has taken on the role of developing and harmo-
mising LCA methodology. International standardisation work
on LCA rakes place under the auspices of the ISO [6]. The
paper is largely structured according to the SETAC guidelines
[ 7] on what is to be included in an LCA. Readers wishing to
study LCA methodology in greater depth are referred to
[6,7,8,9,10].

2 Goal Definition and Scope

A representative segment of offices and dwellings with several
storeys was analysed from an environmental point of view.
Seven frame cases were studied:

. In-situ cast concrete frame (office)

. In-situ cast concrete frame {dwelling)

. Precast concrete frame {office)

. Precast concrete frame (dwelling)

. Steel/concrete frame {office)

. Steel/concrete frame (dwelling)

~NON e B W N e

. Steel/stee] frame (dwelling).

The functional unit, i.e. the basis for comparison, was defined
as one average square meter of floor area during the lifetime
of a building, based on Swedish building standards. Frame
construction and suppiementary materials needed to make
each frame case deliver an equivalent minimum function were
included. The parts of the building that arc load-bearing
varied berween the frame constructions, and thus there was
also variation among the frame constructions regarding what
supplementary materials were included in the functional unit.
For example, the load-bearing part of the in-situ cast concrete
frame is the internal wall while for the precast concrete frame
it is the external wall. Hence, a supplementary externai wall
was included in the functional unit for the in-situ cast con-
crete frame and supplementary internal walls in the functio-
nal unit for the precast concrete frame. The representative
segment of a building or: which the functional unit was based
is shown in Figure 1. The study was delimited by the follow-
ing main conditions:

Int. J. LCA 3 {4) 1998

¢ Chosen frame designs should be representative of present-
day building technology in the Nordic countries.

¢ Data account, if possible, for production and use in
Sweden, and describe the contemporary environmental
impact. The aim was to describe the average situation
rather than today’s best available technology.

*  Both horizontal and vertical construction elements were
included.

* The heat resistance value {(U-value) of the external wall
was set to 0.30 W/m?°C for offices and 0.25 W/m!°C
for dwellings.

¢ It was assumed that all frame structures studied have the
same average Lifetime, i.e. that the lifetime of a building
is generally determined by issues other than choice of
frame construcrion.

¢ The study was confined to effects on the external environ-
ment. Parameters included, as far as possible, were use
of raw materials, energy use, emissions to air, emissions
to water and waste generation. For practical reasons,
the study focused on those parameters which can be ad-
ded throughout the life cycle of a product. Some issues
not included were infrastructures, accidental spills, per-
sonnel-related effluents, human resources, work environ-
ment, indoor climate, noise and odour.

* Electricity use was accounted for as the amount of elec-
rricity used and the environmental loads of electricity
production were thus omitzed. When this study was per-
formed, the availability of quantitative LCA data was
limited for the Swedish electricity production which is
mainly based on nuclear and hydropower.

»  Three quantitative assessment methods were used: The
Environmental Priority Strategies in product design (EPS}
method, developed in Sweden [11], the Environmental
Theme Method, developed in the Netherlands [8] and
adapted to Swedish conditions {12], and the Ecological
Scarcity Method, developed in Switzerland [13] and
adapted to Swedish conditions [12].

¢ No sensitivity analysis employing statistical measures of
uncertainty was performed. However, some data with a
high degree of uncertainty, and with major influence on
the results, was identified and then dealt with through calcu-
lating scveral possible scenarios. This was the case when
deciding what parts of the environmental impact during
the building’s service life could be related to the functional
unit, and whether the demolition waste was used as filling
mass or {andfilled.

» Itwas beyond the scope of the study to quantify the effects
of potential improvements.

3 Calculation Model

Flow charts were used to describe the life cycle of each frame
construction. A hierarchical calculation model was developed
{— Fig. 2) using a computer program called LCAIT (LCA
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Fig. 1: Representative segment. The functional unit consists of one average horizontal square meter of the segment

Inventory Tool). Also, for each specific process step, allocated
data on material and energy flows was presented separately in
dara files. The cafculation mode) was structured into four levels:
raw materials, building materials, building components and
frames. On the building component level, a data structure
generally used in the Swedish building industry could be used
[14]. The inventory data could thus be presented in a pedagogi-
cal structure, suited to the improvement analysis intended to
be performed by the commissioning party.

4 Inventory Results

Data were elaborated for the environmental load of concrete
and steel production and for the process steps from raw
material to building site. For other materials (gypsum board,

insulation, etc.) literature data were used when available.
Then the environmental load (mainly related to energy use)
from the building site, from use and maintenance and from
the demolition and final disposal phases was assessed.

Energy requirements for and emissions from transportation
were calculated by consistent application of standardised
energy use and emission factors [15]. It was assumed in the
calculations that all building materials become either filling
mass or waste after demolition. The only exceptions were
steel beams and columns that were assumed to be separated
at the demolition site and recovered. A user time of 50 years
was assumed in the calculations. The environmental load
was calculated in relation to the functional unit, and the
inventory results were presented and evaluated, distributed
into three life cycle steps (— Fig. 2):

Level 1 Level 2
Raw materials Building materials
(steel, cement, etc.)  {concrete,

insulation, etc.)

Leve Level 4

Building components
(walls, decks, etc.)

Building
(7 frame cases)

Activities at the

building site

Demolition

Final disposal

Fig. 2: Structure of the data model used in the calculations. Level refers to level of complexity, step refers to the main steps in the life cycle
{Step 1: Building production from cradle to gate, Step 2: Service life, Step 3: Demolition and final disposal)
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Step 1:  Building production from cradle to gate (from raw
materials extraction to building site)

Step 2: Service life

Step 3:  Demolition and final disposal.

A selection of the inventory results is accounted for here.
The results, over the life cycle, indicate that most material
resources are used for building production from cradie to
gate (— Fig. 3). Most of these resources are non-renewable,
but the supplies are generaily abundant for the foreseeable
future. Of the main resources used, only supplics of fossil
materials are scarce or limited.

900 +
800
700 4
600 +
506 4

400 +

kg/functional unit

300 1

200 4

100

Frame 1
Frame 2
Frame 3
Frame 4

Frame 5

Figure 4 accounts for the energy use of building production
from cradle to gate (Step 1). Fossil fuels and electricity are
the main energy sources, and there is no use of renewable
fuels. Use of fossil fuels as an energy source is related to
cement and concrete production, whereas the use of fossil
fuels primarily as raw material {coal/coke) is closely associa-
ted with the amount of steel used in a frame. Use of electricity
was accounted for as direct use. The efficiency of average
Swedish electricity production is estimated to be 54% [14].

In Figure 5, some emissions to air and water (CO,, NO,
SO_and COD) and wastes occurring in buiiding production

W Other (chernicals, :
additives, etc}
@ Other (minerals)

O Alloy materials
@ Scrap

O Gypsum

W Fossil fuels
Hlron-ore
HLimestone

WAggregates

Frame 6
Frame 7

Fig. 3: Use of material resources per functional unit for building production from cradle to gate (Step 1). Aggregated parameters. Fossil

fuels included

1200 ~+

1000

800 -

600

MJ/functional unit

400

200 -

Frame 1
Frame 2
Frame 3
Frame 4

M Electricity use
B Other
OFossil fuels

{raw material)

M Fossil fuels
(energy)

Frame 5
Frame 8
Frame 7

Fig. 4: Energy usc per functional unic for 7 frames for building production from cradle to gate (Step 1). Feedstock energy of fossil materials

ased primarily as raw materials included
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from cradle to gate (Step 1} are shown. CO, emissions occur
both as process emissions from cement production and from
use of fossil fuels, while NO_and SO_ emissions are mainly
energy related. COD emissions to water occur both in
production of fossil fuels and as a process emission, especially
from plasterboard production. The non-hazardous waste
consists mainly of building, industrial and mineral waste
{demolition waste does not belong to this step). Most of the
hazardous waste occurs during the production of pre-
stressing wire. It mainly consists of used bate acids (diluted
sulphuric acid with dissolved metals, primarily iron). Al-
though classified as hazardous waste, both bate acids and
metals are reused in industrial processes after treatment.

indoor temperature is allowed to fluctuate. Technical support
systems used for hot water production, lighting, ventilation,
cte. are not directly related to choice of frame construction,
although choice of frame may restrict what technical support
systems may be chosen. Also, variations in operating energy
use connected to activities may not be directly linked to
choice of frame construction. Thus, only the envirenmental
loads from maintenance and from heat losses through the
external walls may be directly linked to the functional unit
during service life, For the sake of comparison, the average
operating energy use for offices and dwellings based on
Swedish statistics and the potential energy saving related to
thermal storage in the frame for some defined circumstances

HFrame 1
OFrame 2
Frame 3
CiFrame 4
BFrame 5
OFrame &
EFrame 7

t

Hazardous
waste (g)
Non-
hozardous
waste (kg

Fig. 5: Emissions to air, emissions to water and waste generation per functional unit for 7 frames for building preduction from cradle to

gate {Step 1). Selected parameters

During service life (Step 2), the main environmental impact
1s related to energy use, including energy related emissions
10 air and use of fossil resources. The quantity of operating
energy used varies mainly with what activities will be carried
out in the building, what technical support systems have
been chosen and also with the choice of building construc-
tion. Maintenance and reconstruction of facilities in the
building account for only a minor part of the energy use
during service life. The following parts of the operating ener-
gy use and other activities during service life could be directly
related to choice of frame construction:

+  Maintenance {replastering of facades, rebuilding of inter-
nal walls in office buildings)

* Energy losses owing to heat transmission through the
externat walls, as these energy losses are bound to vary
with the heat resistance value (U-value) of the wall.

Thermal storage in the frames may decrease the energy use
during service life, but can only be fully assessed when study-
ing the whole building. Among conditions for thermal storage
1o take place are sufficient constructional mass for the heat
to be stored in, that excess energy is available and thar the
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are also presented. The inventory results for service life were
organised and presented as follows:

Step Definition

2a Environmental Joad attributable to maintenance,
comprising the environmental load from rebuilding
of internal walls in offices and maintenance of
facades.

2b Environmental load attnbutable to energy losses
from heat transmission through the external walls.
Step 2a 1s included.

2c Environmental load attributable to statistical energy
use. Step 2a is included.

2d Environmental load attributable to statistical energy
use, taking into account the effects of thermal
storage in the internal building elements, Step 2a is
included.

The energy use stands for the dominating environmental
loads during scrvice life, and thus only energy data are
presented for this phase {(— Fig. 6). Since an equivalent U-
value was used for offices and dwellings, the energy losses

Int. J. LCA 3 (4) 1998
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25000 -

20000 +

15000 -

10000 -

MdJd/functional unit

5000 +

2a 25

£ Electricity
Other

[1Renewable fuels
| B Fossil fuels

2c 2d

Fig. 6: Energy use per functional unit from service life {Step 2) for frame 1. A user time of 50 years is assumed. 2a: Maintenance, 2b: Energy
losses from heat transmission through the external walls, 2c: Statistical energy use, 2d: Statstical energy use, taking into account the effects

of thermal storage in the internal building elements

due to heat transmission through the externat walls would be
equivalent for all offices and all dwellings. As an example,
Figure 6 shows the energy use of service life for frame 1.

For the statistical energy use, elecericity and fossil fuels are the
main energy sources. The energy use from the maintenance
(Step 2a} was insignificant compared with the steps where
heating energy was involved. The energy use considered to be
directly related to the frame (Step 2b} was far below the total
statistical energy use (Step 2c¢). The energy use that under
defined conditiens may be saved by thermal storage in the
frames (Step 2d) was of the same order of magnitude as energy
losses through the external walls {Step 2b). The total statistical
energy use (Step 2¢) far exceeded the energy use during the
other ife cycle steps (building producrion from cradle to gate,
demolition and final disposal).

During demolition and final disposal (Step 3}, raw macerial
use, energy use and emissions to air and water were all less
than in previous parts of the fife cycle (Steps 1 and 2), although
the quantities of demolition mass were almaost equal to the
quantities of materials used {— Fig. 3). It is probable that mass
from the demolition process is used to a large extent as filling
mass and thus is not defined as waste. If it were defined as
waste instead, quantities from demolition and final disposal
would far exceed waste generation from previous life cycle
steps. The steel frame gives rise to a considerably lower amount
of demolition mass than the other frames. There is a lack of
detailed enough data today regarding the environmental foad
of final disposal of building wastes.

5 Impact Assessment Resuits

An impact assessment was conducted to identify whar inven-
tory parameters were most important from the environmen-

Int. J. LCA 3 (4) 1998

tal point of view. Impact assessment involves aggregating the
environmental profile {i.e. the environmental load) into more
effect-related measures which may be further weighed together,
ultimately into a one-dimensional index. The procedure
consists of the following steps: classification, characterisation
and valuation/weighting. Several methods are available for en-
vironmental impact assessment [10], and this is an area still
under development. The vahzation/weighting step can not be
based on traditional natural sciences, and political, ethical and
administrative considerations and values are therefore used
[10]. Thus, subjective choices have been made within each of
the available methods and, as a consequence, the environmental
problems focused on differ between them. In this study, three
quantitative assessment methods, each resulting in one single
value, were used:

» The Envirommental Priority Strategies in product design
(EPS) method, developed in Sweden [11]. The evaluation
is based on willingness to pay within the OECD countries
to restore the five protected values to a reference condition:
biclogical diversity, human heaith, production, aesthetic
values and natural resources.

» The Environmental Theme Method, developed in the
Netherlands [8] and adapted to Swedish conditions [12].
Inventory data are converted to contributions to known
environmental problems, defined as environmental themes,
and then weighted against one another on the basis of
Swedish environmental policy objectives for 1995,

s The Ecological Scarcity Method, developed in Switzerland
[13} and adapted to Swedish conditions [12]. Ecological
scarcity is defined as the ratio between total environmen-
tal impact and the critical impact within a geographically
defined area. Swedish environmental policy objectives were
primarily used as a measure of the critical impact.
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Figures 7 to 9 show what environmental parameters weigh
heavily for building production from cradle to gate (Step 1)
when using these three methods, and what inventory
parameters are the main contributors to the total impact. A
high value indicates a high potential contribution to the en-
vironmental effects.

When applying the EPS method (— Fig. 7), alloy materials,
CO, emissjons and use of fossii fuels account for the absolutely
fargest part of the impact. The method puts emphasis on use
of scarce resources, and as supplies of alloy metals are generally
more scarce than supplies of iron ore, these metals get much
higher scores than iron ore and scrap, although the latter are
used in higher quantities. Use of fossil resources is alse highly
scored by the EPS method. CQ, emissions are highly valued
because of their contribution to global environmental effects
like the greenhouse effect. As a consequence of the high score
for alioy materials, the frames using the most steel also get the
kighest totat value,

807
!
a5 .
a0+
35
g :
5 | bz
5 30
2 25 [30the
£ % Gas (fossil)
"3' 0 Clron-cre
i 5 M Scrop
; CFossil fuek {solich
10+ B Fossil fuels (iquid)
5

[aand (] o < w Rl .
o) L3 D Q@ @ @ @
£ £ E £ £ £ £
& & 5 B8 8 & 39
9 [FN o e i i [

Fig. 7: Environmental impact per functional unic for seven frames
for building production from cradle to gate (Step 1) when applying
the EPS method

When the Environmental theme method {(~ Fig. 8} is applied,
the totat impact from cradle to gate is more equal between
the frames than when the EPS method is applied. The most
important parameters - NO_, CO,, electricity and SO_-are
all related to energy production and use. These parameters
are all ranked as being important, according to environmental
policy targets. Generation of mineral waste also influences
the results. This method has no scores for material use other
than energy resources and land use, but most indices have
to do with emissions to air and water. The composition of
parameters contributing to the total impact is similar between
all frame cases.

In Figure 9, the total envirenmental impact per functional
unit when applying the Ecoscarcity method is described.
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Fig. 8: Environmental impact per functional unit for seven frames
for building production from cradle to gate {Step 1} when applying
the Environmental theme method

frame 4

Some parameters with a high contribution have to do with
energy production and use (such as NO_and CO,), but waste
parameters are also highly scored. As emissions of metals
are given a great emphasis in this method, the contribution
of metal emissions is notable. Frames 3 to 5 have a higher
contribution of hazardous waste than the other frames. As
hazardous waste is very highly scored by the method, quan-
tities needed to give high scores are low. The Ecoscarcity me-
thod does not take resource depletion into account, except
energy use which is assessed with the same index regardiess of
what energy source is used.

When comparing the results presented in Figures 7 to 9, it is
seen that what frame has the highest environmental impact
from cradle to gate (Step 1) differs between the methods.
According to the EPS method, the steel frames have a slightly
higher environmental impact than the other frames, but the
span between highest and lowest values is not significant
enough for the other two methods to draw any conclusions
about what frame construction has the fowest environmen-
tal impact. According to Figures 7 to 9, parameters that gener-
ally weigh heavily during building production from cradie
to gate {Step 1) are use of fossii fuels, electricity, CO,, SO,
NO , alioy materials and waste. What parameter is most
important depends on what assessment method is used.

Building production from cradle to gate (Step 1) has about
the same contribution as maintenance and heat losses
through external walls during service life (Step 2b), whereas
demolition and final disposal (Step 3} has a considerably
lower impact, assuming that all demolition materials are used
as filling mass and are not defined as waste. If the demolition
mass instead were defined as waste, the environmental im-
pact from demolition and final disposal (Step 3) would be
equal to and sometimes exceed the impact from carlier steps

Inc, J. LCA 3 (4) 1998
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Fig. 9: Environmentaf impact per functional unit for seven frames for building production from cradie to gate (Step 1) when applying the

Ecoscarcity method

of the life cycie, according to two of the three merhods used,
Thus, the results indicate that recycling of demolition mass,
if only as filling mass, is important in terms of reducing the
impact of buildings over their life cycle. Since the amounts
of building waste produced may influence the final results
subsrantially, the environmental assessment methods used
need to further elaborate and specify indices for waste. The
impact of total statistical energy use during the service life
of the building (Step 2¢} greatly exceeds the impact from
other parts of the life cycle (Steps 1 and 3) when assuming a
user time of 50 years.

6 Discussion and Conclusions

The results from the inventory analysis and impact assess-
ment indicate that:

* Parameters that weighed heavily in the impact assessment
were use of fossil fuels, CO,, electricity, SO , NO,, alloy
materials and waste, depending on what method was
used.

¢ Building production from cradle to gate has about the same
contribution as maintenance and heat losses through
external walls during service life, whereas demolition and
final disposal has a considerably lower impact, assuming
that all demolition materials are used as filling mass and
are not defined as waste.

¢ The impact of rotal statistical energy use during service
life largely exceeds the impacts from other parts of the life
cycle, when assuming a user time of 50 vears. However,
oaly a small part of this impact is directly related to choice
of frame construcrion.

Int. J. LCA 3 (4) 1998

* Frames should preferably be constructed so that the energy
use during service life is decreased as far as possible, i.e. by
avoiding heat transmission through external walls and
enabling thermal storage when possible.

A computerised model for environmental assessment of frame
structures was created by using the method of LCA. T was
found that a data structure already applied in the Swedish
building industry could be used. Because the model consisted
of several levels and described a functional unit of high
complexity, interpretation of the results became complicated
and tune consuming with the tool used (see below),

Looking at LCA history, many early LCAs were conducted
for products with a limited number of components and
functions. In this stady, because so many components are
part of the functional unit, more than one hundred para-
meters were included in the invenrory. Some experiences from
conducting LCA on a more complex system structure with
several hierarchical levels are that:

* The risk of mistakes increases with the degree of com-
plexity of the functional unit, and it alse becomes maore
difficult to get consistency when applying chosen system
boundaries.

* It is not obvious what questions are to be posed and
answered by the analysis as the number of involved data
providers and users of the results increases, or rather,
the number of possible questions increases. With many
users of the results, it becomes unclear for what parts of
the life cycles average data are to be used rather than
specific data.
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+  Only the impact appearing on or below the system level
of the functional unit may be included in an environ-
mental assessment, as impact betonging to a more com-
plex system also depends on various conditions beyond
defined system boundaries. For example, not all of the
statistical energy use during the service life of a building
is directly related to the design of the building frame but
depends on circumstances such as choice of hear distri-
bution and ventilation system of the building and the
activities going on n the building, On the other hand,
less information, and perhaps less relevant informarion,
is conveyed when communicating only a smaller part of
the energy use during service life which is directly rela-
ted to the functional uair,

¢ A very high degree of transparency is necessary when
studying a complex system structure, which means that
presentation of the results is demanding because they
are so comprehensive.

o Testing the effects of exchanging inventory data, changing
system boundaries, etc. becomes a complicated and time
consuming task when studying a functional unit of high
complexity. Also, because the final results were based on
inventory data aggregated on four levels where the lowest
level {cement and steel production) already constituted an
aggregation of a process tree, results obtained were not
easily related to the specific process steps most responsible
for the impact found in the impact assessment. The succes-
sive aggregation of data necessary to enable interpretation
of the final results made it difficult to find the *hot spots™
in the system, 1. ¢, to find out where improvements are
most urgent, These problems would partly be solved by
using more appropriate computer software.
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Jean-Luc Chevalier, Jean-Frangois Le Téno

Life Cycle Analysis with Il-Defined Data and its Application to Building Products

In contradiction with the flow accuracy requirement of the classical LCA model, most LCA data cannot be represented by an accurate
value because they loose realism in the process. it is particularly true with building products’ data. Intervals are introduced to model
such darta, thus ailowing LCA calculations to get rid of flow accuracy. Thus, interval caleulation techniques for LCA are developed and
the benefits from a replacement of classical LCA algorithms with these techniques are analyzed.
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