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Selection of Technological Processes from the Standpoint of LOW-
AND NON-WASTE TECHNOLOGY for Industrialization Projects

Prof. Dr.-Ing. habil. Joris Wotte

Technical University Dresden

In connection with industrialization projects the cor-
rect selection of a technological process among several
possible variants for meeting an existing demand of na-
tional economy from the standpoint of LNWT is of out-
standing importance.

A precise way of evaluating technological processes in
order to develop and to introduce LNWT, theoretically
would be by cost-benefit-analysis. In this connection not
only technological and economic influences should be
taken into consideration but also ecological and social as-
pects. The question of monetary evaluation of environ-
mental impacts and similar effects, however, has not yet
been solved at the international level. Therefore other
ways must be sought for evaluating technological pro-
cesses.

For that reason by the European Economic Commis-
sion already in December 1984 a manual was published,
which was elaborated by a special task force of the EEC
under the leadership of the TU Dresden. In the years
since 1984 the method offered in the manual was tested
and completed especially for industrialization purposes in
developing countries.

The method developed may be used

— to compare several technological processes (at

least two) for the production of a defined produect,

— to evaluate the processes from the standpoint of

LNWT and

— to make a clear choice-which process variant
should be prefered because of its technological,
economic, ecological and social characteristics

depending on national economic conditions as well as re-
gional or local prerequisites, respectively.

The developed method bases on selected characteris-
tics, which are grouped to a minimum programme, char-
acterizing the technological process and-if necessary-the
aimed main product from the standpoint of LNWT (see
Fig.1).

In connection with the preparation of an investment
decision only such characteristics of the minimum pro-
gramme are allowed to be neglected which are not suit-
able (e.g. if there is no air pollution or water pollution
ete.).

The estimation of the characteristics is carried out on
the basis of a foregoing Auditing of the technological

variants for the special process.
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Figure 1. Characteristics for Evaluation of Technology
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Fig. 2 shows the sequence of the working steps of the
selection method, which represents a combination of
evaluating as well as weighting the given characteristics.

For evaluating the characteristics against the back-
ground of a world level analysis there are estimated for
each characteristic

—  the Zero-Value, Ko (accepted worst value) and

— the Best-Value, Kz (best possible value).

The ealuation is calculated by the equation

_ KoK

Pi= Ko-Kz

Where K-Real-Value of the given characteristic.

This delivers values for all characteristics for all tech-
nological variants under discussion within a given
industrialization project.

For weighting the characteristics according to Fig.2 a
group of experts is formed consisting of
4(2) technologists,

4(2) economists,
4(2) ecologists and specialists of territorial planning.

All the 12(6) experts should be skilled specialists in
their profession or their fields of activity, respectively,
with long-time experiences, the private intersts of which
are not connected in any way with the intersts of the
enterprise ordering the selection procedure.

After a total information of the experts’ group about
advantages and disadvantages of the technological vari-
ants under discussion as well as the conditions within the
region and the whole national economy each expert gets
a questionary, which contains the characteristics grouped
for a paired comparison according to Fig. 3.

Each expert separtely marks in each pair of character-
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istics, which of them from his point of view in the given
case should get a higher importance. On the basis of the
experts’ decisions made by this paired comparison a per-

sonal preference table is compiled for each expert.
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Figure 2. Working Steps for Evaluation of Technology
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Fig. 3. Questionary for weighting the characteristics by paired

comparison (ROSS-method)

(pairs of characteristics containing characteristics not

relevant in the given case may be neglected)
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The judgements shown in all the experts’ decisions are

tested by the consistency coefficient:

24d
n—4n

K=1-

(if n is an even number)

K=1—% (if n is an uneven number)

d= n(n—1) (2n—1) 3@
12 2

a—weight of the characteristics given by an expert
n—number of characteristics

K—-consistency coefficient

Generally a threshold of
K=0.38
is assumed as sufficient.
Therefore the requested minimum value of Ya® may

be estimated as follows:

n Sa?
10 269
11 363
12 478
13 614
14 774
15 959
16 1173

where n-number of relevant characteristics.

This test is carried out for the personal preference
table of each expert. In the case of insufficient competen-
¢y or bad information, if a clear decision is not guaran-
teed, the threshold of 3'a? will not be reached.

After checking the consistency of the experts’ deci-
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sions, a combined preference table is arranged. For this

—
-]

purpose the values for all characteristics are summa- 1=1a“=Ri
e where i—number of experts (1:--12) or (1:--6),
j—number of characteristics (1---16),
Tatle 1. a—weight of characteristic given by one expert,
7 —Distbitioy fretion R—weight of a characteristic summarized from
x=x(al) the weights given by the single experts, com-
aarox poobabiiy bined preference of a characteristic.
f=degrees of freedom
On the basis of these combined preferences, initially
@  error probability the significance level of the estimated preferences has to
f —0—53_0_-0-i04‘065“_602-5”001 -"b-_(_)E]-]" be checked. The KENDAL-agreement coefficient is esti-
T [ 107 | 271 | a8t | 50z | 64 | 108 e
2 | 241 | 461 | 599 | 7.38 | 9.21 | 138 W>0:Agreement on the experts’ weighting results is
3 | 367 | 625 | 7.81 | 935 | 113 | 163 ot based on random effects.
4 488 | 7.78 | 949 | 111 | 133 | 185 W=0:No connection between preferences from the ex-
5 | 606 | 924 | 111 | 128 | 151 | 205  perts’ weighting.
6 723 | 106 | 12.6 | 144 | 168 | 225
7 838 | 120 | 141 | 160 | 185 | 243 The significance level is checked by means of a x-
8 | 952 | 134 | 155 | 175 | 201 | 261 "
9 | 107 | 147 | 169 | 19.0 | 21.7 | 279 > critical
10 11.8 | 16.0 | 183 | 205 | 23.2 | 29.6 Z=K(n-1)W
11 12.9 | 17.3 | 19.7 | 21.9 | 247 | 31.3
12 140 | 185 | 21.0 | 233 | 262 | 32.9 jil (Ri—R)?
13 | 151 | 198 | 224 | 247 | 277 | 345 V=
14 | 162 | 211 | 237 | 261 | 201 | 361 1%
15 | 173 | 223 | 250 | 275 | 306 | 377 R=&2+1)__K
16 184 | 235 | 26.3 | 288 | 320 | 393
17 | 195 | 248 | 27.6 | 302 | 334 | 408  where K—number of experts,
18 | 206 | 260 | 289 | 315 | 348 | 423 n—number of characteristics,
19 217 | 272 | 30.1 | 329 | 362 | 43.8 W—KENDAL's agreement coefficient.
2 | 2b | x4 | BIA | M2 | HO | B9 The significance test is based on the assumption that
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the quality of the preference calculation follows a certain
distribution pattern. For n=7---30 this distribution may
be approximated by the x*—distribution with (n-1) de-
grees of freedom (see Tab.l). Because of the statistical
character of the test, a defined risk-expressed by the
probability level or the error probability, respectively-
must be accepted. The threshold value is stated before
the test.

The x*—test demonstrates that the finding

W>0:Agreement of the experts’ weighting results is

not based on random effects.

Generally an error probability of #=5%(95% signifi-
cancy) is accepted. The result

W=0:No connection between the preference from the

experts’ weighting

normally cannot be expected.

The next step consists of relating the values of the
characteristics and their combined weights (or prefer-
ences) to so-called preference moments. These prefer-
ence moments are summarized within each variant of
the technological process for all characteristics. This de-
livers a total preference moment for each technological
variant. The variant with the highest preference moment
represents the best one from the standpoint of LNWT.

In former years, by the fact that the weighting was
carried out by a team of qualified experts, there was a
lot of critic because there seemed to be a possibility of
subjectivity. By introducing an expert system this prob-
lem could be eliminated.

An expert system was developed, which consists of an
especially elaborated knowledge base. This knowledge in
narrow cooperation with the psychologists of the TU

Dresden was collected by means of special interviews
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and tests from a large group of well known experts in
the field of environmental engineering and environmen-
tal protection. The expert system at present contains sev-
eral hundred questions, which are structured into several
thousand decision paths. By means of this expert system
the above mentioned parameters are weighted according
to their specific importance. The decision maker in a dia-
logue with the computer, which gives him all necessary
questions to be answered clearly, is lead to the conclu-
sion : Which technological variant among the possible
technologies should be selected under the applying condi-
tions for the given site?

The main field of application of the developed method
for EIA within investment decisions for industrialization
is the wide range of engineering consulting and environ-
mental consulting in all branches of industry. The meth-
od represents a help for the engineer, which has to real-
ize a technological plant to produce a product for the
market with ecological consequences and disadvantages
as low as possible but also at investment and operational
costs as low as possible. Mostly this delivers an economic
-ecological conflict situation. By the given evaluation
method it is possible to eliminate this conflict.

The present selection method from the standpoint of
LNWT shows a high applicability in a series of tests. The
main work represents the collection of necessary infor-
mation by system analysis and eco-auditing. If all these
data are given, the whole evaluation process, including
weighting by a group of experts or a computer based
procedure takes only a few hours.

The statement of the preference moments is unique.
From the results of the evaluation method it may be con-

cluded that because of its characteristics a given techno-
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logical variant cannot be selected.

If single preference moments of special characteristics
are awarded zero, this infers that they do not contribute
to the total preference moment of a technological variant
from the standpoint of LNWT. Characteristics with zero
preference moments must be improved to make this tech-
nological variant competitive with other variants. The
evaluation method can also be used in preparing deci-
sions on planning further works for investigation and de-
velopment of technological processes.

If the decision is made by use of an experts’ group, the
statistical tests included in the evaluation procedure,
tests of consistency and estimation of probability level of

the agreement coefficient, provide a high degree of secu-
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rity within the evaluation method. Information deficien-
¢y, subjectivity and bias are eliminated. If these effects
appear because of negative results from the tests men-
tioned above, the evaluation is to be stopped and repeat-
ed on the basis of better conditions of the experts’ com-
petency these problems do not exist, because a computer
does not have a personal opinion.

The present method may be applied also to problems
of site selection. For this purpose, however, specific char-
acteristics must be developed. The application of the
method to problems of site selection has been tested in
connection with the erection of an industrial complex in

a developing country.





