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Summary

The life cycle assessment (LCA) method has been mentioned as one al-
ternative to improve the quality of eco-design in companies but there are
still many practical problems before the approach can be used in every-
day environmental management of companies. An interesting approach
inside the LCA framework, which could overcome most of the practical
challenges, is the input-output life cycle assessment (IO-LCA). This
study tests the suitability of the IO-LCA in screening the life cycle im-
pacts of a sophisticated ICT network product by using readily available
accounting data. The study found that the energy in the use phase domi-
nated the results contributing the most of the life cycle impacts but also
some manufacturing related processes were identified to be of signifi-
cance. Based on the study, it seems that the IO-LCA approach clearly
offers added value to the environmental management of companies. The
IO-LCA could provide a very fast access to the key life cycle characteris-
tics of the product while it produces results comparable with more de-
tailed LCA studies.
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Introduction

Electrical and electronics industries are a target for an increasing number
of environmental policy measures. The Directive 2005/32/EC on the eco-
design of Energy-using Products (EuP), especially, sets the eco-design
requirements for the life cycle performance of energy using products. The
directive is anticipated to have a major impact on the product design pro-
cedures in companies.

The use of the life cycle assessment (LCA) method has been suggested as
an option to improve the quality of eco-design in companies. The tradi-
tional approach of doing an LCA has been based on system models [1].
The system under study is described by unit processes and input-output
flows. The approach is called here a process based LCA (Pro-LCA). Unit
processes are the smallest portion of the product system for which data
are collected, and flows are material and energy inputs to and outputs
from the unit process. In order to compile the whole system, the unit
processes are interlinked, each of which, as an input, will be taking the
output from an “upstream” operation and processing it into an output,
which is then the input for the next operation “downstream”.

However, there are still many practical problems before the traditional
Pro-LCA can be used in everyday environmental management of compa-
nies. Some of the major hindrances are listed below [2, 3, 4]. First, the
approach is very laborious, which is a significant drawback for an organi-
zation operating in a cost-conscious business environment. Secondly, the
systems included in the LCA should be determined in terms of energy
and mass units (i.e. by MJ, kWh, kg, efc.). In practice, most of the mate-
rial and energy inputs and outputs of the companies are primarily col-
lected and expressed in monetary terms in the company records and ac-
counting systems and not as energy and mass units. Finally, some other
inputs, such as the purchased services and capital goods, are typically
only expressed in monetary terms in the company records.

Another interesting approach for conducting an environmental life cycle
assessment is the so-called input-output life cycle assessment (I0-LCA).
The IO-LCA approaches the environmental issues by using an input-
output analysis (IOA) [S]. The IOA is an economic discipline that con-
cerns the inter-relationships between industries and households through
producing and consuming commodities, and it makes use of “input-
output” tables produced by statistical agencies. These tables, in the form
of matrices, describe production activities in terms of the purchases of
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each industrial sector from all other sectors. This information is linked to
the environmental data of each sector and can then be used to calculate
the environmental impacts of products covering the full production chain.

The IO-LCA has some clear benefits from the perspective of environ-
mental management in companies. Firstly, the purchased material, energy
and services need to be defined only in the terms of monetary value. Sec-
ondly, the approach is very fast to use; the practitioner does not need to
collect information from all processes in the supply chain because the
information is already included through the use of IO-LCA tables.
Thirdly, the IO-LCA always provides a full inventory (e.g. there is no
need to make cut-offs in the supply chain) for the production phase of the
commodity or service that is taken into account. Finally, the environ-
mental interventions of goods and services produced within the economy
are always assessed consistently. These are all important benefits in the
case of electronics industry in which a significant amount of supply chain
purchases are either minor amounts of material or services from other
companies instead of major material or energy flows.

At the moment, the IO-LCA approach per se is still thought to be less
adequate for detailed LCA studies [3, 6]. Thus, the IO-LCA is actively
being developed as a part of so called “hybrid method” [7]. However, for
some other purposes, the IO-LCA is perceived as even more suitable than
process LCAs. For example, the European Commission’s Integrated
Product Policy [8] is set to identify the products with the greatest poten-
tial for environmental improvement, and for that purpose, the European
Commission [5] has determined that the IO-LCA would be the most suit-
able approach. If a similar model could be used to identify the environ-
mentally significant aspect of a company, it would considerably reduce
the resources needed for environmental supply chain evaluations in com-
panies compared to traditional process LCA. In addition, in the present
situation, it would also considerably improve the exactness of evaluating
the environmentally significant activities of a company.

The purpose of this study is to test the suitability of the IO-LCA in
screening the life cycle impacts of a sophisticated ICT network product
by using readily available accounting data. The study uses IO-LCA to
estimate the life cycle phases that contribute the most to the environ-
mental impact of a product system from cradle to grave.
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Research design

The study proceeded in the following steps:

1. The product system under study was defined

2. Primary accounting data were collected for all the life cycle
phases of the product system.

3. The life cycle phases with the highest contribution were deter-
mined by using IO-LCA

4. More detailed data were collected for the life cycle phases with
the highest contributions

5. The environmental impacts were recalculated by using the more
specified data

6. The life cycle phases and processes with the highest contribution
were determined

The scope of the study covers an estimated life cycle of 10 years of a new
ICT network with both 2G and 3G elements. The primary data were col-
lected as monetary flows from several data sources. The data for the
product life cycle up to the use phase (sourcing, production, office work,
delivery) could be retrieved directly from the company accounting sys-
tems. The costs for the operating energy were calculated based on the
energy demand of the product, and those for the maintenance and end-of-
life phases were estimated based on a similar product in use.

The secondary, the IO-LCA environmental inventory data, were retrieved
from a US input output database using the sectors best describing the
material, service or energy used in the actual processes. A total of 30
different industry processes were defined to describe the product. The
environmental impacts were estimated up to the middle point impacts by
using the eco-indicator 95 method.
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Results

The environmental contribution of the main life cycle phases of the ICT
network product studied is presented in Figure 1. As we can see, the use
phase of the product seems to dominate the results. On average, it con-
tributes more than 70% to the environmental impacts. In addition, it has
the highest impact in all except one impact category. In the use phase,
actually only one process, namely the energy consumption, causes the
most of the impacts. If the operating energy is studied separately, it alone
causes 74% of the climate change, 15% of the ozone depletion, 82% of
the acidification, 71% of the eutrophication, 7% of the heavy metals, 83%
of the winter smog, 19% of the summer smog, 65% of the energy re-
source impacts.

The life cycle phase having second most impacts, some 20%, is the
sourcing. It has the highest heavy metal impacts, around 74% and it
scores second in other impact categories. The rest of the life cycle phases
have lower, less than 5%, environmental contributions.
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Figure 1. The life cycle contribution of an ICT network product. (CLC= Climate change,
OZL= ozone layer depletion, ACI= acidification, EUT= eutrophication, HEM= heavy
metals, WIS= winter smog, SUS= summer smog, ENR= energy resources).
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Discussions

The study used readily available accounting data and the IO-LCA ap-
proach in estimating the life cycle contribution of a sophisticated ICT
network product. The study found that the use phase, and to some extent
the sourcing, contributed the most to the environmental impact. As could
be expected, at the process level, the operating energy had the most im-
pact but also sourcing from other manufacturing companies were recog-
nized as important, especially in the ozone depletion and summer smog
impact categories.

The results of this study are consistent with the results of the other proc-
ess based LCA studies on ICT networks. Malmodin [9] has reported that
the operating energy in the use phase dominates the result of a 3G net-
work system with around 80% contribution in the climate change impact,
here 74%. Emmenegger et al. [10] have reported that the use of a base
station causes approximately 85% of its life cycle impacts, here 77%.

It appears that the IO-LCA approach can be used to identify the environ-
mentally significant life cycle phases of an ICT network product by using
readily available accounting data. The I0-LCA approach produced simi-
lar results as the traditional Pro-LCA approach. The use of energy in the
operating phase seems to be the dominant process throughout the product
life cycle but the impact of some manufacturing activities in the supply
chain can be expected to be noticeable, as well.

In addition to the main result, some practical benefits of using the 10-
LCA were recognized: the approach was very fast to use and would thus
allow a wider environmental testing of products in companies, the subjec-
tive cut-offs of minor processes were avoided by having the full inven-
tory of the supply chain. Finally, as the approach uses monetary flows, it
would allow the testing of new products already in early conceptual de-
sign phase in which typically only the cost estimates of the new product
are available.

Overall, the IO-LCA approach was found clearly to offer added value to
the environmental management of companies. The IO-LCA provides a
very fast access to the key life cycle characteristics of the products while
it produces results comparable with more detailed LCA studies.
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