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Abstract: Life Cycle Assessment (LCA) is one of the tools that quantifies the inputs and outputs and evaluates
the potential environmental impact during the entire life cycle of a product, process or service. However, one
of the limitations in a conventional LCA is that time is rarely taken into consideration in LCA methodology. The
consideration of time in an LCA is mostly considered in the scope definition and life cycle impact assessment
(LCIA). Therefore, this paper reviews the time consideration in each phase of LCA methodology from goal and
scope definition to LCIA. Moreover, the possibility of improvement, such as the time load in LCA is also
reviewed.
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INTRODUCTION Databases are being developed in various countries

Today, industries and governments the world over But in practice, data are frequently obsolete [3].
have become aware of the fact that pollution control Life cycle impact assessment typically excludes
through end of pipe treatment is only one of several spatial, temporal, threshold and dose response
options for pollution reduction. However, this treatment information and combines emissions or activities
does not solve the environmental problems, but only over space and time [1].
changes the nature of the problems from one phase to
another. This  situation  has  resulted in the growth of Time Consideration in LCA: Although, the use of LCA
new environmental trends and has raised an increasing is increasing, one of the deficiencies of the conventional
interest and awareness in environmental life cycle LCA is that it does not consider time explicitly. There are
assessment. Life cycle assessment (LCA) is a method three main motivations to think about the appropriate
developed to evaluate the mass and energy balance of consideration of time in LCA. The first is that the
input and output streams of systems and to organize and magnitude of the environmental interventions is
convert those input/output streams into environmental dependent on the technology applied. The second is that
impact categories. The International Organization for the year of the environmental intervention can be
Standardization (ISO) has published international important because of the changing load situation. The
standards on LCA. The method consists of four main third is that to calculate the relevant concentrations from
phases: (1) goal and scope definition; (2) inventory emissions, not only on the flow and not only the pulse if
analysis; (3) impact assessment and; (4) interpretation [1]. the decay or partitioning time is short, the time has to be

The core characteristic of LCA can be both its major taken into consideration [4]. The time frame of each life
strength and at the same time its weakness because of cycle phase can be expressed by the following:
limitations, which include the following:

The nature of choices and assumptions made in scope definition is the first step in an LCA study. In the
LCA, such as system boundary setting, that do not goal definition the purpose of the study is described. The
encompass all possible unit processes for a product scope definition of the study includes a description of the
system [2]. limitations of the study, the functions of the systems, the

and the format for databases is being standardized.

Time Frame of Goal and Scope Definition:  The goal and
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functional unit, etc. [1]. The functional unit is a measure principles for defining the time period can be used. One is
of the function of the studied system and it provides a in terms of years. Another principle which has been
reference to which the inputs and outputs can be related. discussed for defining the time period is to include the
The time dimension of the functional unit usually has two time period until concentrations are lower than acceptable
aspects. One is the calendar time, the other is the time or lower than the background concentration [6]. 
duration of service [4]. The calendar time identifies the
technologies that are available for the specific processes Landfill: In the landfill, one important difference between
involved in the life cycle of the product studies. The landfill and most other processes, such as incineration,
duration time of service is of course an important time which may occur in an LCA is the time frame. A landfill
dimension. Within this time duration, one can differentiate emits pollutants over a very long time span. The waste
between the time that service is actually used and the time that is put into landfills today will generate emissions for
span during which the service is available. several thousands of years in the future [7], as shown in

Time in Life Cycle Inventory Analysis landfills comparable to other emissions during the life
The Time Frame for Manufacturing and Transportation cycle, the potential emissions have to be integrated over
Stage: Each manufacturing process requires a different a certain time period. However, currently no international
production time. Some processes, for instance, a metal agreements on the time period for landfills exist. 
finishing process, may require as long as 3 h or more to There are some researches considering time in
finish the process, but other processes, such as metal landfills. Heavy metals, for instance, tend to concentrate
cutting, may require only 10 min or less. There are some in a landfill and are washed out to a varying degree over
limitations in the transportation stage. One of them is to time [8]. Slag landfills might release heavy metals over
distinguish between the amount of the product generated very long time periods ranging from a few thousand years
by a process and the time needed for this process. For in the case of Cd to more than 100,000 years in the case of
instance, the trip of a crude oil carrier of 500,000 tonnes Cu [9]. Any future processes cannot be measured today.
capacity over a route of 10,000 km requires some 20 days. The future emissions of landfills have to be modeled and
Yet, even if we need only one kg of this oil, the transport the landfill models are always based on certain
process still requires the same 20 days. It would, assumptions. In practice, however, the integrated
therefore, be rather misleading to state that the process of emissions over a 50 year period are not expected to differ
transporting one kg of oil over a distance of 10,000 km largely from the emissions over a 200 year perspective [7].
takes only 3 milliseconds [4]. During the period of 50-200 years the landfill is presumed

The Time Frame for Usage Stage: For most physical
products, a certain minimum life time or durability is an
obligatory property, although it may not always be
recognized explicitly. For some products, the end of life
may typically be determined by conditions in the product
environment, for instance, replacement of the
surroundings of which the product is a part,
developments in fashion or technical capacity. For other
products, where the end of life is determined by technical
properties of the product itself, the actual lifetime may
play an important role of positioning property and may
vary a lot among products in the same market segment [5].

The Time Frame for End of Life Stage: Using the LCA
definition as a starting point, it could be argued that
emissions should be integrated into the life cycle
inventory until all pollutants are emitted from the landfill.
In practice, however, a shorter time frame such as decades
and centuries has usually been chosen. Different Fig. 1: Time aspects of input and output in a landfill [7]

Figure 1. In order to make the potential emissions from
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Fig. 2: Heavy metal of MSW in a landfill with respect to place within this reference period [4]. Therefore, it is
the time aspect [7] necessary to choose one and the same reference year for

to have low activity and low levels of emissions. The common for all impact categories [13]. 
period before 50 years is characterized by a high
biological activity causing a lot of methane generation Time Load LCA: In order to solve some of the problems
and also a relatively high generation of leachage with high mentioned above, the time load LCA is suggested. Time
organic contents. After some hundred years an increased load LCA methodology is the same amount of
metal leachage may occur. Figure 2 shows heavy metals environmental load over a shorter period of time that
of municipal solid waste emitted in a landfill with respect would have a more serious affect on the environment than
to the time aspect [7]. Therefore, whenever an LCA of a that over a longer time period. Therefore, environmental
landfill is performed, the goal and scope definition should load per time or time load is necessary for the assessment
clearly govern which time frame should be used. of an impact of the inventory parameters on the

Incineration: In incineration, the residence time of the
solid phase is about 20-30 min [7]. For the rotary kiln L* = Load/T (1)
operation with combustion temperatures between 800°C
and 1200°C, the residence time of solids in the rotary kiln When
is up to 60 min [10]. L* = Time load in each life cycle stage,

The outcome of the inventory analysis of an LCA Load = Environmental load in each life cycle stage,
will take the form of quantities of environmental T = Time taken for a main output product in each
interventions per functional unit and not of detailed life cycle stage
information on actual fluxes [4].

Time in Life Cycle Impact Assessment or a longer used product can reduce resource
Time in the Characterization Step: The equivalency consumption and environmental emissions during the raw
factors are dependent on the time dimension in many material acquisition, manufacturing and end of life stages
ways [4]. They vary with the calendar time of the over the product with a shorter life time. The long use
intervention and the balancing time point in the future. product, however, generates a higher environmental load
The time dimension in the characterization is important during the usage stage because of its longer life. For the
because of the significance of the transport, dilution or identification of significant issues of a product system,
the metabolism of the emitted substances. Future fractional contribution by the individual life cycle stage to
methodological developments should, therefore, go in the the total impact is used in the conventional LCA
direction of including more time information [4]. methodology.  Therefore,  it  is  inevitable that the usage

Time in the Normalization Step: The figures generated in
the characterization step do not have an absolute value.
The results give information about the relative weight of
the different impact categories. Therefore, it is necessary
to normalize these results  using a standard reference. The,

relation of time and normalization is in the normalization
reference. The normalization reference is the total effect
score per person for all human activities in the area
affected by the effect [11]. It is another form of
characterization. The only difference is in the
geographical and temporal system boundary. The
temporal boundary in a normalization reference is typically
set at one year [12]. In addition, not only normalization is
chosen to be one year but many of the processes within
the production system under consideration do not take

all impact categories to ensure that the scale is indeed

environment as shown in Equation (1) [15]. 

It is common understanding that a longer life product
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Table 1: Time aspects in LCA
Steps within LCA Sub-Steps Time Aspects Addressed Presently Covered in LCA
Goal definition Calendar time. Yes. (Sometimes in part only.)

Definition of functional unit upstream. Duration of the service. Yes
Inventory Duration of single processes. Yes. (Time load LCA.)

Phase of utilization downstream. Mix of calendar time of the involved process. Yes. (Time load LCA.)
Characterization Exposure modeling. Dilution time, reaction time, residence time. Only generic under linear conditions.

Effect modeling. Occurrence of effects over time. Only for Global Warming Potential.
Normalization Reference time span, calendar time. Partly.

stage is identified as the significant life cycle stage in the 5. Weidema, B., H. Wenzel, C. Petersen and K. Hansen,
conventional LCA. Exclusive use of the conventional 2004. The Product, Functional Unit and Reference
LCA for the identification of significant issues can miss Flows in LCA, Denish Ministry of the Environment,
the opportunity in identifying other significant issues of Environmental News No. 70.
a product system. Therefore, not only the conventional 6. Finnveden,  G.,  1999.  Methodological  aspects of
LCA but also the time load should be considered in an life cycle assessment of integrated solid waste
LCA methodology to reflect the impact of the input and management  system,  J. Res. Conserv. Recycling, 26:
output load of a product system on the environment. 173-187.

Summary of Time Consideration in LCA: The time Solid Waste-Guidelines for solid waste treatment and
aspects in LCA are shown in Table 1. LCA methodology disposal in LCA: Final Report, ISSN1102-6944.
has to be further developed in order to produce more 8. Doka, G. and R. Hischier, 2005. Waste Treatment and
accurate and reliable results in the future [4]. Assessment of Long-Term Emissions. Intl. J. LCA

CONCLUSIONS 9. Hellweg, S., 2001. Time-and Site-Dependent Life

In summary, the time actually taken from the raw Processes, Int. J. LCA., 6(1): 46.
material acquisition stage to the end of life stage should 10. Johnke, B., 1996. IPCC Good Practice Guidance and
be measured in the inventory analysis phase [14]. The Uncertainty Management in National Greenhouse
emission rate can be important because of the carrying Gas Inventories: Emissions from waste incineration.
capacity of the sensitive received areas. In order to solve 11. Zhang, H.C. and F.A. Ling, 1999. A decision making
the problems mentioned above, the emission rate of the model for materials management of end of life
environmental load needs to be quantified by using the products in the Pantex plant, Amaillo National
time load LCA methodology. Resource Center for Plutonium. 
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