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Methodology development with a case study on waste incineration and a special focus on human health

Environmental damage estimations in industrial process chains
need the assessment of environmental impacts in two perspec-
tives: process chain-orientated and site-orientated. Environmen-
tal assessment tools exist for both perspectives: Life Cycle As-
sessment (LCA) and Environmental Risk Assessment (ERA).
LCA is a fairly new chain-orientated tool to evaluate the envi-
ronmental performance of products focussing on its entire life
cycle. In the Life Cycle Impact Assessment (LCIA) phase, a prod-
uct system's Life Cycle Inventory (LCI) results are evaluated to
better understand their environmental relevance. ERA is a tool
to assess the risk of chemicals. In the exposure analysis, the risk
of a process at one location is evaluated. The Impact Pathway
Analysis (IPA) is a method related to ERA that has been devel-
oped for the assessment of environmental damages by the terms
of physical impact parameters like cancer cases. In the IPA, the
physical impact parameters are usually converted into external
environmental costs, but individuals may prefer other existing
weighting schemes to express different types of environmental
damages depending on personal values.

Products are manufactured in a ramified chain of processes.
While specific tools exist for the environmental assessment of
products and processes, this is not the case for the assessment
of a number of industrial processes with a common functional
unit such as end-of-life cycles. However, the level of sophistica-
tion in the assessment can be much higher for industrial proc-
ess chains with a quite limited number of processes involved
than for the life cycles of complex products. Only little efforts
have been made so far to systematically explore the inherent
uncertainties, interfaces and possibilities for integration and
communication of the chain-orientated and site-orientated en-
vironmental assessment methods in the case of such industrial
process chains. Therefore, the objective of this thesis is to find
an adequate trade-off between process chain-orientated and
site-orientated environmental impact assessment and to con-
vert environmental damage estimates into meaningful results
like environmental costs.
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The thesis proposes a mathematical framework and a flow-
chart that allows spatial differentiation at different levels of
detail based on the integration of LCA, ERA and IPA with en-
vironmental costs. This methodology, called 'Environmental
Damage Estimations in Industrial Process Chains', puts the
conventional, potential midpoint LCIA indicators in a com-
mon framework with damage, endpoint IPA indicators. As a
trade-off between site-specific damage assessments and poten-
tial life cycle indicators, a currently existing site-dependent im-
pact assessment is further developed and integrated in the meth-
odology proposed. The site-dependent impact assessment
method is based on statistical reasoning and uses representa-
tive, generic impact classes corresponding to receptor distribu-
tion and dispersion conditions. As part of the methodology
development, uncertainties in the LCI and IPA are analysed
using Monte Carlo Simulation. This parallel analysis permits
one to show that the uncertainties in the inventory analysis are
less important than those in the damage assessment.

The methods presented and the methodology developed were
successfully applied in several ways to a case study on waste
incineration with a special focus on human health. In a com-
parison of the results obtained by endpoint indicators with
midpoint indicators, it was found for the situation of the case
study that the midpoint indicators apparently underestimate
the environmental impact of the transport processes. A new
generation of integrated waste management tools seems to be
feasible that takes into account the setting of the waste treat-
ment installations and the sites affected by the transport routes,
allowing in this way an overall environmental optimisation.
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