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Abstract

Industrial activities have the goal to improve the living standard of humanity. However it often happens
that beside desired effects of technological applications, undesired negative effects on environment and
society appear. This means that chances and risks of different technological applications have to be
carefully evaluated. In this regard the new discipline “Technology Assessment” became well known in
the world. Especially for analyzing environmental impacts, engineers often use analytical tools, the most
discussed one being the life cycle assessment LCA, but also environmental management systems. In the
following some notions regarding these tools will be presented, as well as an application example from
the industrial practice will be presented.
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Introduction

Especially after the Conference for Environment in Stockholm in 1972 and the first report of the
Club of Rome ,,The Limits of the Growth* in 1972 was understood that besides wanted effects
of technological progress, undesired and negative effects can appear. Nowadays we confront us
with a series of global problems, which can be grouped in three categories: world population
growth, growth of the energy and natural resources consumption and environmental pollution

[2].

Several ideas and concepts regarding the proper development of the humanity have been
discussed in the past, pointing out also the danger of having a big negative impact on
environment because of economic industrial activities, by polluting the environment with big
pollutants emissions in the air, water and soil. The concept of sustainable development was
defined 1987 in the Brundtland Report of the World Council on Environment and Development
and accepted as a possible solution for the global complex ecological, economical and social
problems. Very much discussed has been sustainable development on the Conference for
Environment and Development in Rio de Janeiro 1992, in the closing document ,,Agenda 21 as
well as during the Johannesburg Conference in 2002 [2, 3]

Part of what engineers do is to evaluate developments in technology. Their evaluation has up to
now almost without exception been focused on technical aspects and on economic aspects
following legal and financial boundary conditions. With respect to sustainability more criteria
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have to be considered like: environmental quality, social and human values, quality of life. The
activities of engineers when evaluating technologies can be sustained by the new discipline
called technology assessment (TA) [2, 9]

Although in the last 20 years it was a lot of progress in the field of technology assessment
especially due to several studies which have been carried out in USA, Japan, Germany and other
European countries, there is still need in developing integrative methods for technology
assessment.

Tools for Environmental Impact Assessment

Technology Assessment means after [12] the methodical, systematic, organised process of
analysing a technology and its developmental possibilities, assessing the direct and indirect
technical, economic, health, ecological, human, social and other impacts of this technology and
possible alternatives, judging these impacts according to defined goals and values, or also
demanding further desirable developments and deriving possibilities for action and design from
this and elaborating these, so that well-founded decisions are possible and can be made and
implemented by suitable institutions if need be.

In order to assess the possible effects of human activities, especially industrial processes on
environment, several tools, so-called instruments of technology asessement can be applied with
respect to the question which has to be answered (Figure 1). Here are listed the most used and
important ones:

- Environmental impact assessment
- Life-cycle-assessment
- Eco-Audit

- Ecobalances

Instruments of TA

Environmental
Impact Ecobalances
Assessment
Life-Cycle- Ecoaudit
Assessment

Fig 1. Instruments of technology assessment.

The most important one is the Life-Cycle-Analysis, to which I will refer in the following.

Life-Cycle-Assessment (LCA)

The Life-Cycle-Assessment LCA is an analysis which registers all the effects on the
environment of a product during its life "from the cradle to the grave", from the production to
the consumption and recycling. The general life cycle of a product is presented in Figure 2. We
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see that besides production and consumption processes also transport processes are taken into
consideration. With T are indicated the transport processes within the life cycle of a product.

Resources Preliminary . Consump- Product
o > . » Production ) > .
Mining production tion/Use Disposal
i
v v v
Recycling

Fig 2. General life-cycle of products.

The life-cycle-assessment LCA is appropriate to improve the production lines of products, to
compare different products and to ecologically optimize the life-cycle of products. The LCA is
in fact an ecobalance which can be performed as a singular study or as a comparative study. The
ecobalance registers material and energetical flows when producing something, or within a
process or within a company or a region. Such an analysis neads several steps [1]:

- a) definition of goal and scope;
- b) inventory analysis; -

- ¢) impact assessment;

- d) interpretation of results.

a) Definition of goal and scope - The goal shall unambiguously state the intended application,
the reasons for carrying out the study and the intended audience, i.e. to whom the results of the
study are intended to be communicated. In defining the scope of an LCA study, the following
items shall be considered and clearly described: the functions of the product, the functional unit,
the system boundaries, methodology of impact assessment, data requirements, assumptions,
limitations.

b) Inventory analysis - It involves data collection and calculation procedures to quantify
relevant inputs and outputs of a product system. These inputs and outputs may include the use
of resources and releases to air, water and land associated with the system.

c) Impact assessment - It is aimed at evaluating the significance of potential environmental
impacts using the results of the inventory analyses. The impact assessment may include
elements as: assigning of inventory data to impact categories, modelling of the inventory data
within impact categories and possibly aggregating the results in very specific cases and only
meaningful. It is to be mentioned that the methodological and scientific framework for impact
assessment is still being developed. Very often in the step of assessment aggregated indicators
are used in order to allow a transparent evaluation (see the application example, chapter 4).

d) Interpretation of results - in this phase the findings from the inventory analysis and the
impact assessment are combined together. The interpretation takes the form of conclusions and
recommendations to decision-makers, consistent with the goal of the study.

With respect to the LCA a difficult step is represented by getting on data and informations about
the products and production processes. To compare different life cycle stations of a product
from the point of view of pollutants emissions a method has been developed at the Technical
University of Clausthal and will be presented in chapter 4.



60 Ildiko Tulbure

Application example for environmental impact assessment

Aggregated indicators are needed in order to provide a comprehensive assessment of
environmental impacts of industrial systems [7, 8]. An application for automotive systems bases
on an aggregated emission indicator AEI [4] which consists of the weightened sum of single
emissions:

AEI

1

where: w; - weighting coefficients and E; - pollutants emisisions

The weighting coefficients are determined depending on the effects of pollutants on health and
on ecosphere and on the emitted quantity using a fuzzy logic based approach, see for details [7].
The values for weighting coefficients of some pollutants are shown in Table 2.

Accordingly to Figure 2 different life cycle stations of a product can be compared from different
point of views. From the point of view of pollutants emission in the atmosphere the comparison
can be made by a matrix of emissions as proposed in [4] and shown in Table 1.

Table 1. Matrix of emissions for different pollutants S; in different life cycle stations P;.

Phase P; |Pollutants S; ... S .... Sp AEI
P, En Ej Eim AEIl,;
Pi Eil Eij Eim AE||
P, Eu E,; Eum AEI,
)) E;=XEq Ei=XE; |.- Em =Z Eim | AEI

In this example two life cycle stations of a generic passenger car are compared from the point of
view of pollutants emissions. These are the preliminary production and the utilizing phase of a
car. Preliminary production means here making basic materials from natural resources or raw
materials. The data used are basically from [6]. For a generic car with an average weight of
1000 kg the emissions data have been calculated in the phase of material fabrication and in the
phase of use, see for more details [4]. The generic car is a car with an average weight of 1000
kg, an average mileage of 150000 km and with emissions calculated as average between diesel
and petrol motors.

The matrix of emissions with the data for this application example is given in Table 2. The
indicator AEI has been calculated with formula (1).

Table 2. Matrix of emissions with emissions in [kg] and calculated AEI for two life cycle
stations of a generic car.

CO, NOy SO, CcO
AEI
Wi 0,67 0,46 0,42 0,33
Basic materials | 1692,58 2,16 5,16 0,50 604,98
fabrication
Utilization 29308 189 6,8 804 10633,76
> 31000,58 191,16 11,96 804,5 11238,74
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The results obtained emphasize that in the utilization phase of a car the most pollutants are
emitted compared with the fabrication phase. It is to be mentioned that transport processes have
not been taken into account because of lack of data. It is interesting to calculate this indicator in
other life cycle stations too and for other products too allowing in this way comparisons and
assessments of different products. In this way dangerous and unsafe points in the production
lines can be found and measures to improve production can be established.

The obtained results may emphasise that the environmental impact assessment is very useful to
be applied in order to calculate pollutants emissions from different economic activities and to
evaluate the negative environmental impact of such activities. On the other side, when several
pollutants are taken into account, but at the end a comparison has to be made regarding the
environmental impact, an aggregation method of different pollutants emissions is needed. This
makes possible at the end the work with several pollutants and the comparison of the
environmental impact of different phases in the life-cycle of a product, as in the presented
example. The results show that this aggregated emission indicator AEI can be easy used and this
methodology can be successfully applied.

Conclusions

For industry and engineers the operationalisation of sustainable development could mean to lead
technology assessment studies especially environmental assessments. The heightened awareness
of the importance of environmental protection and the possible impacts associated with products
manufactured and consumed has increased the interest in the development of methods to better
comprehend these impacts. There are several tools and methods in order to evaluate
environmental impacts of human activities, especially industrial ones, one of them having been
discussed in this paper. An assessment method based on an aggregated emission indicator has
been presented and applied for automotive systems. Results emphasise the working way and the
advantages of the presented method. It is to be observed, that making the analysis for a car, the
utilization phase of the car is the most polluting one, compared to the other phases of the life-
cycle of this product. This conclusion emphasizes that it is very necessary a change on the
human mentality regarding the utilization way of carz.
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Evaluarea efectelor asupra mediului a activitatilor industriale

Rezumat

Activitatile economice industriale au fost gandite cu scopul principal de a imbunatati calitatea vietii
oamenilor. Deseori insa se intampla, ca pe langa efectele dorite pozitve ale aplicatiilor tehnologice,
acestea sa aiba un impact negativ nedorit asupra mediului inconjurator si societatii. De aici rezulta ca de
la bun inceput trebuie evaluate efectele diferitelor aplicatii tehnologice, sansele si riscurile pe care
acestea le aduc. In acest context, noua disciplina denumita “Technology Assessment”, de evaluare a
aplicatiilor tehnologice, s-a impus in ultimul timp la nivel international. Pentru analiza impactului
asupra mediului inconjurator, inginerii utilizeaza diferite instrumente analitice, cel mai discutat fiind
Analiza Ciclului de Viata al produselor, Life Cycle Assessment, LCA, dar de asemenea si sistemele de
management de mediu. In lucrare s-au prezentat cateva notiuni referitoare la aceste noi instrumente, ca
si un exemplu concret din industria autoturismelor.



