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Abstract. This paper describes the application of PROMETHEE-GAIA metho-
dology in a multiple criteria analysis to rank potential environmental invest-
ments in mineral-processing companies. The intent of the paper is to identify
best technical facilities on the basis of preferential relations between a set of va-
riants. The method of Total Cost Analysis (TCA) was chosen to define the cri-
teria. The economic and environmental costs, as well as the benefits of these
technical facilities, were determined by means of this method. PROMETHEE is
one of the methods in the Multi Criteria Analysis (MCA) category. The MCA,
as the name implies, deals with the evaluation of a number of variants by sever-
al criteria. The technical facility was selected by a comparative analysis involv-
ing five influential parameters (Investment Costs, Annual Operating Costs,
Operating Income, Administrative Costs and Disposal Fees, Economic and En-
vironmental Benefits). As expected, the analysis resulted in a preferential rank-
ing of these technical facilities.

Keywords: total cost analysis, multicriteria analysis, PROMETHEE, environ-
mental technology, technical facilities.

1 Introduction

Decision-making is one of the most important activities in managing a private com-
pany, although decisions must likewise be made in public administration and in self-
governing entities. The ability to make a quick and correct decision is the key to suc-
cess in any field on any level, be it in business circles, in a national arena, or on an
international scale. Decisions are made about financial strategies, investment projects,
public government contracts, and a multitude of other endeavors. Public tenders, even
though governed by law, would have much fewer problems in defending the outcome
if they employed a multiple criteria approach. The impact of these decisions on the
entire society should be thoroughly scrutinized. Rather than relying on purely eco-
nomic considerations, or a subjective judgment, it is necessary to incorporate some
additional criteria. This is particularly true when awarding public contracts, for exam-
ple when trying to choose the right environmental investment, ecological innovation
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or technology, it is necessary to consider also the environmental and the social as-
pects, along with the economic criteria.

A multi criteria variant analysis represents a valuable tool in reaching rational deci-
sions about environmental investments in the light of multiple criteria and conditions
of risks and uncertainty. In a variant evaluation by multiple criteria, it is recommend-
ed to use more than one method to verify the sensitivity of the preferential order of
variants depending on the method used. If the task is to select an optimal environmen-
tal investment, it is necessary to take into account all costs associated with the in-
vestment inclusive of the economic, environmental, and social benefits. A good me-
thod for this kind of evaluation of environmental investments is Total Cost Analysis
(TCA), which selects the optimal environmental investment by means of multiple
criteria analysis.

The intent of this paper is to select the optimal environmental investment (technical
facility) for the production of cement clinkers, glass, basalt, and ceramic products in
companies processing minerals, using the methods of Total Cost Analysis (TCA) and
Preference Ranking Organization for Enrichment Evaluation (PROMETHEE).

2 Theoretical Approach

The 1990s witnessed an emerging trend in the Czech Republic of investing heavily in
environmental protection. Per Czech Statistical Office, CZK 83.3 billion was spent on
in 2011 to protect the environment, or about 2.2% of the GDP. The environmental
investments jumped 10% from the previous year, to CZK 24.8 billion. When envi-
ronmental investments are pondered, methodological nuances may be crucial. These
investments may be inspired by administrative actions, voluntary standards (eco-
labeling), stricter product requirements or increasing environmental costs. They are
usually accompanied by lack of information about cost-effective solutions. To eva-
luate an investment, we should know, first of all, if the project is even realistic, and, if
so, which of the proposed alternatives is the best. Environmental investments must
take into account the non-financial aspects as well, such as the impact on the quality
of air, climate, water (surface and underground), soil, etc. The evaluation of an in-
vestment (technical equipment) in pursuit of environmental objectives lends itself to
multiple criteria-based decision making methods, because these projects tend to be
complex and multifaceted [13]. The proposed methods guarantee the inclusion of all
relevant data [14]. The goal of such evaluation is done primarily to identify the best
option and to rank all options from best to worst. The best variant is usually a com-
promise [18].

For the purposes of making decisions with multiple criteria, the tasks can be ite-
mized in various ways according to different authors. A breakdown is possible ac-
cording to the task-solving goal and the information associated with it [2]. Authors
Fiala, Jablonsky and Manas [8] describe a division based on the manner of defining
the set of acceptable variants. Fotr, Dédina and Hrtizova [9] introduce other types of
itemization: by the structure of the problem to be resolved, by the information about
the states of the world and the consequences of variants, by the nature of the decision
subject viewed as a time factor or the level of control. Finally, Triantaphyllou [18]
emphasizes the division mainly by the type of input data.
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3 Methodology

Arriving to decisions about environmental investments through multiple criteria anal-
ysis involves several steps, from formulating the possible versions of a decision to
actually adopting it. The objective of the multi criteria variant evaluation is, in most
cases, a selection of the optimal (compromise) variant and creating a platform for
complex decision-making processes typical for environmental investments. The multi
criteria analysis is essentially a mathematical model, the application of which should
lead to a selection of the optimal variant from a group of variants feasible in a given
situation. Optimal variants are expressed by means of a set of criteria that serve to
select the optimal variant. Choosing the right criteria is an important step towards an
objective assessment of all variants, and so is the determination how much weight
should be given to each criterion in accordance with its importance.

A decision to proceed with a certain environmental investment should consider the
requirements of Best Available Techniques (BAT). At the EU level, BAT for selected
industrial and agricultural activities are defined and quantified in Best Available
Techniques Reference Documents (BREF).

From the financial perspective, environmental investments may be evaluated by
identifying all direct and indirect costs, the economic and environmental benefits, and
applying a multiple criteria analyzing method like TCA or PROMETHEE. The latter
is applicable to a variety of decision problems in diverse fields [1]. PROMETHEE
belongs (together with ELECTRE) to a group of outranking methods [17] and it is
based on pairwise comparisons [10]. This method was presented for the first time by
Jean-Pierre Brans in 1982, see e.g. [4-6]. Together with its descriptive complement, it
is known as the PROMETHEE & GAIA methods.

3.1 Total Cost Assessment (TCA) Method

The TCA method includes all relevant costs and benefits related to an environmental
investment with the exception of social costs, or externalities [12].This method was
developed in an organization named Tellus Institute in Boston. It has been described
in foreign literature and modified in various ways [7], [11-12]. The costs are classified
as direct, indirect, conditional, and difficult-to-quantify. The most important part of
the cost analysis is the necessity to determine all inputs and outputs, to identify all
relevant costs and benefits resulting from the environmental investment expressed in
monetary units or described qualitatively. The difficulty of itemizing the different
types of costs, an essential input in TCA, depends on the probability of their occur-
rence in the future. The final decision needs to consider all potential factors that may
affect the overall effectiveness of a given environmental investments and define their
mutual relations. It is therefore imperative to assess both the quantitative and the qua-
litative criteria.
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3.2 PROMETHEE Method I, IT

The PROMETHEE-GAIA method is a multicriteria decision method developed by J.
P. Brans and B. Mareschal [4-5], [15]. The PROMETHEE-type methods are based on
a paired comparison of variants, progressively in terms of all the criteria. The result of
this comparison is an expression of preferential intensity between the pairs of variants
evaluated with regard to all criteria.

P(a,,a,)=P|f(a)~ f(a)]|= P(d), P(d)e (0,) (1)

A higher P(d) value indicates a higher degree of preference of the variant ai over the
variant aj. A double-sided preference is described by function H(d)€ <-1,1>, defined
as:

@)

{P(ai,aj,d zo}
H(d)=

P(a;,a i d<0

PROMETHEE recognizes six types of simple functions to express the preferential
strength, the so-called generalized criteria, where the parameter g always signifies the
breadth of the preferential area and the significance of the parameter p varies with the
type of criteria. The calculation consists in selecting an appropriate generalized crite-

rion a for each criterion, and calculating the values of preferential functions for each
criterion a of all pairs of variants:

P(a,a,),h=12,.k,i, j =12,..p 3)

Also calculated is a multi-objective preferential index n (a;, a;)€ (0, 1) , which
measures the preferential strength of variant a; over variant g, for all criteria:

k
n(a,,a,)= v,P,(a;a;) @)
h=1

The outflow of F'{a;) and inflow F (a;) for all variants is determined as:

Fa)= ) m(a.a,) 5)
a;eA

Fa)= ) n(a;.a) ©)
a;eA

This is followed by an evaluation by PROMETHEE I, and possibly by
PROMETHEE II, which works with net flows.

F(ai)=F+(al.)—F_(ai) (7)
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3.3 GAIA Method

The method called Geometrical Analysis for Interactive Aid (GAIA) can be described
as a graphic resource for analyzing MCA tasks in continuation of the PROMETHEE
category of methods. GAIA method is based on the assumption that each variant aris
not characterized by criteria values, but by the so called vector of mono-criteria flows
S; (a,), i=1,2,...,k, which are defined as follows:

1 P
Si(ar):mZ[pi(ar’as)_pi(as’ar)] (8)
1=t

Each variant can therefore be represented in a k-dimensional vector space by an R*
vector

q-=1(S1@ay), Sz(ap), «on...e. , Si(ay)] )

If the number of criteria is k = 2, which is not a typical situation, then all variants
can be displayed in one plane. Otherwise, the representation must be in a space of a
higher dimension. The model for selecting optimal environmental investments for
mineral processing companies was processed by Visual PROMETHEE Academic
Edition 2013 software (http://www.promethee-gaia.net/index.html).

4 Results and Discussion

The multiple criteria analysis serves to select the optimal environmental investment
for companies processing minerals, taking into account the economic and environ-
mental parameters of the equipment. The resultant ranking provides the rationale for a
decision whether the environmental investment should be implemented using public
funds. In this paper, the most effective drier was chosen among the eight available
and pointed with aion the basis of six criteria pointed with fj. The multi criteria deci-
sion problem will be formulated as follows: max {(f;(a), ...fi (a)) | a€A}, A={a,, ...,
a,} is a finite set of variants, {f;... fi} is a set of evaluation criteria. A methodical
solution in selecting the optimal environmental investment is based on the TCA me-
thod which involved six established criteria:

f; - Investment expenditure, CZK

f, - Annual operating costs, CZK

f; - Operating income, CZK

f, - Administrative cost and disposal fees, CZK
fs - Economic benefits, CZK

fs - Environmental benefits, CZK

The TCA evaluation method encompasses all relevant costs and benefits from the
company’s viewpoint, but it does not include the social costs, i.e. the externalities
(Kennedy, 1998). The next step was the application of the PROMETHEE multi crite-
ria decision method. The model for the evaluation of future environmental
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investments contains an expert estimate of the set criteria, expressed in the Czech

currency (CZK), see Tables 1-4 below.

Table 1. Environmental investment rated by given criteria — costs and income

Investment Cost Operational
Environmental investment Life ex- Equipment cost
pectancy cost

Unit Years CZK CZK/year

Max Min Min
Instalation of wet gas cleaner 20 5,000,000 100,000
Replacement of burner 10 1,000,000 20,000
Replacement of dry electros- 20 10,000,000 50,000
tatic filters
Replacement of hose filters 20 40,000,000 10,0000
Replacement of exhaust 20 250,000,000 30,000
filters
Replacement of burner 10 35,000,000 50,000
Electrostatic separator 15 6, 000, 000 50,000
Replacement of adsorbers 15 10,000,000 40,000
(cascade&hose filters, elec-
trostaticseparators)

Operational
income

CZK/year
Max
0
100,000
15,000

100,000
0
0

Table 2. Environmental investment rated by given criteria — administrative costs and fees

Environmental investment
Unit

Installation of wet gas cleaner
Replacement of burner

Replacement of dry electrostatic filters
Replacement of hose filters

Replacement of exhaust filters
Replacement of burner

Electrostatic separator

Replacement of absorbers (cascade&hose
filters, electrostaticseparators)

One-time administrative costs and fees

Permit
CZK

30,000
30,000
30,000
30,000
30,000
30,000
30,000
30,000

Documentation
CZK
Min
20,000
10,000
15,000
50,000
10,000
15,000
15,000
15,000

Reporting duty
CZK

30,000
30,000
30,000
30,000
30,000
30,000
30,000
30,000
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Table 3. Environmental investment rated by given criteria — economic benefits

Environmental investment
Unit

Installation of wet gas cleaner
Replacement of burner

Replacement of dry electrostatic filters

Replacement of hose filters
Replacement of exhaust filters
Replacement of burner
Electrostatic separator

Replacement of adsorbers (cascade&hose

filters, electrostaticseparators)

Economic benefit

Better image Productivity improvement

CZK/year CZKl/year
Max
50,000 0
50,000 30,000
50,000 0
300,000 0
150,000 0
150,000 30,000
150,000 0
150,000 0

Table 4. Environmental investment rated by given criteria — environmental benefits

Environmental benefits

Environmental investment

Unit

Instalation of wet gas clean-
er

Replacement of burner
Replacement of dry electros-
tatic filters

Replacement of hose filters
Replacement of exhaust
filters

Replacement of burner
Electrostatic separator
Replacement of adsorbers
(cascade&hose filters, elec-

trostaticseparators)

Impact on air
and climate
CZK/year

0

10,000
10,000

20,000
20,000

60,000
10,000
15,000

Impact on soil Impact on
ecological stability
CZK/year CZK/year
Max
10,000 50,000
0 0
10,000 50,000
0 5,000,000
0 5,000,000
0 500,000
0 500,000
0 500,000

The same weight (0.1667) is assigned for each criterion. The PROMETHEE 11
provides complete ranking, see Fig. 1. It is based on a balance of two preferential
flow. The upper half of the scale (green) corresponds to a positive Phi score and the
bottom half (in red) to negative score. Investments 2 (Replacement of burner) is
above all investments while investments 1 (Instalation of wet gas cleaner) and 4 (Re-
placement of hose filters) are the worst.
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+1.0

0.5238 Investment 2

0.1667 Investment 8

0.0952 Investment 7

0.0475 Investment &
Tnvestment 3 Lnvestment 5

0.0000 DTS 5
0.3333 I| Investment 1

-0.4762 Investment 4

Fig. 1. The PROMETHEE II complete ranking

In the Table 5 PROMETHEE Flow Table we can see Phi, Phi+, Phi- score. In-
vestments are ordered by PROMETHEE II complete ranking. The positive flow ex-
presses how much an alternative is dominating the other ones, and the negative flow
how much it is dominated by the other ones.

Table 5. PROMETHEE Flow Table

Environmental investments Phi Phi+ Phi-
Investment 2 0.5238 0.7381 0.2143
Investment 8 0.1667 0.4762 0.3095
Investment 7 0.0952 0.4286 0.3333
Investment 6 0.0476 0.4524 0.4048
Investment 5 0.0000 0.4286 0.4286
Investment 3 -0.0238 0.4048 0.4286
Investment 1 -0.3333 0.2619 0.5952
Investment 4 -0.4762 0.1905 0.6667

It is clear, that PROMETHEE 1I is influenced by weights assigned to criteria.
Walking Weight allows to adjust the weights and to observe the resulting changes. If
we modify weights of Annual operating costs at 21% and Administrative cost and
disposal fees at 21%, than other weights will change to 14%. Investment 2 still domi-
nates the others and investment 5 (Replacement of exhaust filters) has positive Phi
score. Fig. 2 shows the PROMETHEE Network which presents PROMETHEE I
partial ranking. Investments are nodes and preferences are indicated by arrows.
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Investment 2 is significantly preferred to other investments. Investments 6 (Replace-
ment of burner), 5 (Replacement of exhaust filters) and 3 (Replacement of dry elec-
trostatic filters) are incomparable and very close to each other.

Investment 2
Phi+: 0.74 Phi-: 0.21

Investment &
Phi+: 0.48 Phi-: 0.31

_ Investment 7
Phi+: 0.43 Phi-: 0.33 “Trvestent

t 5

Investment 3
Phi+: 0.40 Phi-: 0.43

Investment 1
Phi+: 0.26 Phi-: 0.60

Investment 4
Phi+: 0,19 Phi-: 0.67

Fig. 2. PROMETHEE Network

5 Conclusions

When evaluating environmental investments (e.g. technical facilities) it is very impor-
tant to identify and consider all types of costs, potential cost savings and other bene-
fits associated with the investment, because this is the only way to properly evaluate
the effectiveness of investments. The method of Total Cost Analysis was chosen to
define the criteria — investments costs, operational costs, operational income, adminis-
trative costs and fees, economic benefits (better image and productivity improve-
ment), environmental benefits (impact on air and climate, impact on soil and impact
on ecological stability). After collecting and analyzing data follows an evaluation of
investment efficiency. To evaluate 8 technical facilities by 6 criteria, the
PROMETHEE as one of the methods in the multi criteria analysis was employed. The
result of the method proposed in this paper is the final ranking of investments on the
basis of which a qualified decision can be made.
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