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Abstract
Strategic Environmental Assessment (SEA), as a support to strategic planning, is 
a starting point in the creation of a sustainable concept of managing waste that is 
based on the principles of a circular economy. The role of SEA is to guide the plan-
ning process towards the goal of securing the best effects in relation to the quality of 
the living environment and the socio-economic aspects of development. SEA is also 
an instrument that can be used when making optimal decisions about spatial devel-
opment, which further contributes to its importance and role in the planning process. 
The implementation of SEA allows developers to establish the benefits and implica-
tions of the proposed spatial changes, taking into account the capacity of the space 
to sustain the planned development, and to determine the degree of acceptability of 
the proposed spatial changes. This paper presents a specific method used for impact 
assessment in SEA for the Agro-Waste Management Plan (AWMP) for Oplenac 
Vineyard. The specificity of this method is that it combines specific goals, indicators 
and criteria for assessing the effect of planning solutions formulated in the simulated 
AWMP for Oplenac Vineyard using a semi-quantitative expert method. The results 
of the paper indicate the possibility of using GIS tools to increase objectivity in the 
expert evaluation of planning solutions, particularly in relation to a group of crite-
ria for assessing the spatial dispersion of the impacts. This reduces the subjectivity 
that is characteristic of all expert methods. The graphical presentation of the results 
in GIS technology and the use of matrices and graphs to present the results makes 
them easier to understand and creates a good basis for making optimal decisions on 
future activities concerning the elimination of waste from wineries and viticulture. 
The research was carried out within the framework of the NoAW project, which 
is supported by the European Commission through the Horizon2020 research and 
innovation program.
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Introduction

In the current social, economic and environmental circumstances in which 
humanity finds itself today, and in which profit is often seen as the only measure 
of success and development, ethical and moral issues related to carrying out many 
human activities are becoming increasingly important. The issue of the rational 
use of the planet’s resources, while satisfying the growing socio-economic needs 
of the population, therefore stands out as being both important and challenging. 
Under such circumstances, every kind of environmental protection contains an 
ethical and moral component that allows us to make choices that have the ulti-
mate goal of humanizing relations towards the resources and natural values of 
our planet, as written about by numerous authors (Buttel 1996; Callicott 2018; 
Dzwonkowska 2017; Fahlquist 2009; Keong 2021; Miller 2018; and others).

Today, the concept of environmental protection is involved in almost all areas 
of development, including agriculture or agricultural waste management plan-
ning, based on the principles of a circular economy with the support of SEA, 
which is the subject of this paper. The aim is to conceptualize environmental pro-
tection as an answer to the ethical and moral questions and dilemmas related to 
development. It is based on the optimization of development (economic) through 
the minimum use of the planet’s non-renewable resources, on one hand, and a 
sustainable environmental balance through the preservation of basic environmen-
tal factors, on the other.

As an example, we can cite the concept of the circular economy, in which all 
goals and principles are reduced to four words—waste as a resource. Waste that is 
not thrown away, and therefore does not pollute the environment, is used instead 
as a resource that brings profit by its reuse in the production of energy, cosmetics, 
and various products, as well as in food. It promotes competitiveness and innova-
tion, at the same time protecting the environment and enabling economic growth, 
thus contributing to resolving ethical and moral dilemmas in related fields.

Returning to the subject of this paper, we can say that by applying SEA in 
the planning process it is possible to see the implications of planned activities 
and the spatial scale of expected changes in space and in the environment. In 
this way, it is possible to influence the making of ethical and moral decisions on 
development, based on the consideration of social, economic and environmental 
aspects of sustainable development, in which priority is given to environmental 
protection.

By applying SEA in the planning process, it is possible to see the implica-
tions of the planned activities and the spatial scale of the expected environmen-
tal and spatial changes. A large number of authors have discussed the role and 
importance of SEA in designing policies in various spheres of social activities, 
as well as its role in decision-making (Nilsson and Dalkmann 2001; Maričić and 
Josimović 2005; Nilsson et  al. 2005; White and Noble 2013; Josimović et  al. 
2015; Unalan and Cowell 2019; and others). Therefore, it is not surprising that a 
growing number of international institutions, such as the European Commission, 
the World Bank, UNDP, UNEP, USAID and others, are introducing a requirement 
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for SEA to be used, with the idea for development initiatives to be in line with the 
goals of environmental protection and the principles of sustainable development. 
This shows the scientific and professional importance of using SEA when mak-
ing development policies (for more details, see: Dalal-Clayton and Sadler 2005; 
Chaker et al. 2006; Noble and Nwanekezie 2017).

Compared to other methods which contribute to decision making, such as the tra-
ditional “life cycle assessment” (Laurent et  al. 2013; Ahlgren et  al. 2015; Hanan-
deh and Gharaibeh 2016; O’Brien et al. 2016; Rugani et al. 2019; Acosta-Alba et al. 
2019), SEA contributes to integrating the impacts at the strategic level of planning. 
For the purpose of making good decisions regarding the sustainability of planning 
solutions, it is necessary to consider different aspects of the potential impacts.

The application of SEA is possible, and necessary, in various areas of spatial 
development such as: spatial and urban planning; agriculture; forestry; water man-
agement; energy; waste management; etc.; and a significant number of authors have 
recognized this and written about it (Ananda and Heralth 2009; Balfors et al. 2018; 
Brown and Therivel 2000; Josimović 2020; Josimović et al. 2021; Nenković-Riznić 
et  al 2014; Salhofer et  al. 2007; Stefanović et  al. 2018; and others). The areas of 
application for SEA are also established in the Directive on the assessment of the 
effects of certain plans and programmes on the environment (Directive 2001/42/
EC), and then in the legislation of European countries relating to the environment.

However, not much has been written in scientific literature about the application 
of SEA in agricultural waste management planning, agricultural land use planning, 
and the application of multi-criteria evaluation and analysis in agricultural decision 
making, even though some authors highlight its role and significance (Tzilivakis 
et al. 1999; Biarnès et al. 2009; Jakku and Thorburn 2010; Leite et al. 2015; Kamali 
et al. 2017; Um et al. 2018; Jeong 2018).

If we look at agricultural waste management research as a pyramid, the base of 
that pyramid is strategic planning with the support of the SEA process, and the top 
of the pyramid, which is reached by means of various techniques and procedures 
that represent the logical continuation of the SEA process, is a particular product 
or solution that leads to the elimination of waste. In this context, the application 
of SEA is the starting point for achieving goals in the field of the circular econ-
omy, because right from the earliest planning stage, SEA indicates the changes 
and expected benefits to the environment and the economic sphere from applying 
the principles of a circular economy. In this way, decision makers (entrepreneurs, 
investors, etc.) can understand and recognize all the positive aspects of the circular 
economy, on the basis of which they will make decisions about the future treatment 
of the waste produced. Here, it is especially important to point out the possibility 
of making a profit as the dominant driver of entrepreneurial initiatives, from which 
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another important benefit will also be achieved during the implementation of the 
initiative—environmental protection.

The subject of this paper is to apply the multi-criteria evaluation method (MCE1) 
in the process of SEA for the simulated AWMP for the Oplenac Vineyard (case 
study), supported by a Geographic Information System (GIS). GIS has an increas-
ing and notable role in viticulture. It is becoming a basic tool in the analysis of the 
suitability of terrain for forming vineyards, combining numerous and complex natu-
ral conditions (topography, soils, land zoning, and climate) and expert opinion, thus 
forming new knowledge bases for successful vineyard management models (Jones 
et  al. 2004; Jurisic et  al. 2010; Arnaudova and Bileva 2011; Coulon-Leroy et  al. 
2013; Nowlin and Bunch 2016; Badr et al. 2018). The aims of this study are: the 
development of methodology that increases objectivity in the process of evaluating 
planning solutions; simple presentation of the results for the purpose of decision 
making; and highlighting the importance of understanding agricultural waste as a 
resource, the elimination of which has multiple positive effects on the environmental 
quality and socio-economic development factors.

The research was carried out within the NoAW project, which is supported by the 
European Commission through the Horizon2020 research and innovation program. 
Bearing in mind the terms of the H2020 Horizon NoAW project, based on a near-
zero-waste society and the promotion of a circular economy in agro-waste manage-
ment, one part of this interdisciplinary study has been dedicated to assessing the 
territorial impact of an AWMP on the environment in the strategic planning of agro-
waste management. At the level of strategic planning, the objective of the territorial 
impact assessment is directly connected with the decision-making process, which is 
an important step towards sustainable solutions. Such processes make it possible to 
direct the planning and management of agro waste in the earliest phase of concep-
tualizing the development possibilities (in the organizational phase that precedes the 
act of choosing the processing and re-usage technology or the agro-waste elimina-
tion technology).

1  Development of the MCE method is linked with the beginning of the 1970s and today it is considered 
as a well-developed and widely applied scientific method which is still being developed and supported by 
numerous references (Kangas and Kangas 2005; Ananda and Heralth 2009; Josimović et al. 2015). When 
first developed, MCE was characterised by the methodological principle of multi-criteria decision-mak-
ing (MCDM) with little or no participatory mechanisms included (Zionts and Wallenius 1976; Zionts 
1979). Development of the method led to the application of the multi-criteria decision aid (MCDA), in 
which the quality of the decision-making process became central. Studies started to point out the need to 
include public participation in MCE, thus fostering the emergence of participatory multi-criteria eval-
uation (PMCE) (Banville et  al. 1998; De Marchi et  al. 2000; Proctor and Drechsler 2006) and social 
multi-criteria evaluation (SMCE) (Munda 2008). In this context appropriate deliberation is a prerequisite 
to assuring a quality outcome. The MCE method is nowadays often advised as a convenient support in 
the decision-making process because of its capacity to point out multiple alternatives of development in 
many ways on the basis of assessing criteria related to the environment and socio-economic aspects of 
sustainable development (Sarkkinen et al. 2019).
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Case Study Area—Initial Position

Within the framework of the interdisciplinary NoAW project based on the principles 
of a circular economy, several options for eliminating different types of agricultural 
waste were analyzed. One of these options was to analyze the possibilities for elimi-
nating waste from wineries and viticulture. The initial phase in the elimination of 
agricultural waste was to create an AWMP with the support of the SEA process, 
which is a key instrument for guiding the planning process towards the goals and 
principles of a circular economy.

The Aleksandrović Winery (AW) from Topola (Serbia) was chosen as the case 
study; it is also one of the partners in the project. AW belongs to the Šumadija 
region, which is considered to be a functional wine-growing region. This region 
has approximately one small and 10 active large wineries in 9 municipalities. It is 
divided into several wine-growing sub-regions (vineyards), and the Oplenac Vine-
yard (where AW is located) is an area of special research interest (Fig. 1).

AW was selected as a representative case study since it is a leading winery 
according to: the area covered by its vineyards (75 ha), its wine production and its 

Fig. 1   Location of Oplenac Vineyard and WA
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production of waste. The research concept and methodology for the assessment of 
AW’s territorial impacts was applied to the wider territory of Oplenac Vineyard 
(8 wineries, and 137  ha covered by vineyards). By applying the principle “think 
regionally, act locally”, the data obtained in AW were extrapolated to the region of 
Oplenac Vineyard (wine-making sub-region) thus creating the postulate for region-
alization in waste management (regionalization is almost always economically jus-
tified). On the other hand, the role of SEA as an instrument applied at the level of 
strategic planning (national, regional, sub-regional) is justified in the initial phase of 
implementing the concept of sustainable waste management. The extrapolated data 
on the production of waste from wineries and viticulture in Oplenac Vineyard were 
supplemented by precise data obtained from the employees working at wineries in 
this sub-region. In this way, more reliable data were obtained.

Another reason for choosing this research area was that existing practice in waste 
management is not in line with contemporary principles, and in particular it is not in 
line with the principles of a circular economy, which a number of authors have writ-
ten about in recent years (Kirchherr and Piscicelli 2019; Peiró et al. 2019; Sassanelli 
et al. 2019; Suarez-Eiroa et al. 2019), and which the modern theory and practice of 
waste management are based on. Waste is not treated as a resource, it is disposed of 
without pre-treatment in inadequate locations, pruning waste is left in large quanti-
ties in vineyards, and the environment is put under pressure. The selection of this 
research area offers various possibilities and contributions when forming the AWMP 
and during the SEA process. As a rule, the greatest contribution is made in areas 
that are not completely regulated, because there are more problems that need to be 
addressed in the research or pointed out through the SEA process. In this context, 
SEA shows itself to be an instrument for educating researchers and professionals.

The continuation of this paper presents the MCE method (multi-criteria evalua-
tion) applied in the implementation of the SEA process for the simulated2 AWMP 
for Oplenac Vineyard. Special emphasis was placed on the role of GIS in the assess-
ment of the spatial dispersion of the impacts and presentation of the results.

Methodological Framework

The methodological approach to impact assessment in the SEA process is quite flex-
ible with respect to the various precise mathematical and software tools used in envi-
ronmental engineering and other fields, based on scientific postulates (Liou et  al. 
2006). A number of authors state that there is no general SEA methodology that 
applies to all types of plans. Moreover, SEA techniques and methodologies should 
be treated as a set of different methods and tools, any of which can be selected by 
a user depending on the specific circumstances (Brown and Therivel 2000; Balfors 

2  Since it was not feasible to formally develop an AWMP as part of the NoAW project, an AWMP simu-
lation was conducted for Oplenac Vineyard for use with the MCE method in the SEA process. The simu-
lation entailed defining the planning solutions included in the multicriteria evaluation process, which are 
an answer to existing waste management problems and are based on the results of the analytical phase.



1 3

Multi‑criteria Evaluation in Strategic Environmental… Page 7 of 27  4

et al 2018; Unalan and Cowell 2019). Marsden (2002) stated that, in terms of meth-
odology, SEA dominantly relies on the qualitative method of expert impact assess-
ment as opposed to traditional Environmental Impact Assessment (EIA), and there-
fore expert assessment, which always entails a certain level of subjectivity, plays a 
definitive role in it (Maričić and Josimović 2005). The issue of selecting the appro-
priate assessment techniques and methodologies used in any specific case must 
be dealt with by referring to adequate implementation experiences accumulated 
through comparative studies of past schemes and applications (Liou et al. 2006).

In the specific case of the SEA process for the AWMP for Oplenac Vineyard, a 
semi-quantitative method of multi-criteria expert evaluation of the planning solu-
tions was applied as the basis for valorizing the space for sustainable spatial devel-
opment (Josimović et al. 2015), in combination with GIS tools and the qualitative 
data obtained, which served as the basis for defining the evaluation criteria. This 
method has a few basic methodological steps (Fig. 2).

As shown in Fig. 2, the task in the initial phase of the SEA process was to ana-
lyze existing waste management practices in AW and Oplenac Vineyard, identifying 
key issues and their spatial and environmental implications. This analytical part was 
completed using GIS and collecting information and data in the field, including a 
data analysis on grape varieties, age, exposure of the vineyards, and so on, in order 
to make a prediction on the future production of waste.

Fig. 2   Methodological framework for the SEA



	 B. Josimović et al.

1 3

4  Page 8 of 27

Bearing in mind the results of the analysis on the state of the environment, 
potential pollutants in the area and existing threats, the next stage was to formu-
late planning proposals in the AWMP, on one hand, and the SEA goals, indicators 
and criteria to assess the AWMP on the other. The planning proposals were for-
mulated in response to the existing waste management problems. The SEA goals 
were defined in relation to environmental receptors including all aspects of sustain-
able development. For each SEA objective, one or more relevant indicators were 
defined (Table 1). The indicators were taken from the general set of UN indicators 
of sustainable development (2019) and the National list of environmental indicators 
(2011).

This was followed by an assessment of the impacts of the AWMP on the environ-
ment and the socio-economic elements of sustainable development which took place 
in two stages: 1. evaluation of the development scenarios (“business as usual” and 
“implementation of the AWMP”), with the selection of the more favourable devel-
opment scenario; and 2. the application of MCE methods in the evaluation of the 
planning solutions (semi-quantitative method) to determine the ranks of the impacts. 
In both steps, the AWMP solutions were evaluated against the defined SEA goals, 
but the impact assessment criteria differed. The qualitative evaluation of the devel-
opment scenario followed the positive ( +) and/or negative (−) trends expected in 
each development scenario, while in the MCE method several groups of criteria 
were used, within the framework of which the qualitative or quantitative evaluation 
criteria were determined (Table 2). One of the groups of criteria relates to the spa-
tial dispersion of the possible impacts of the AWMP and it is in this section that the 
paper focuses on how the use of GIS tools can increase objectivity in the evaluation 
of planning solutions.

All of the SEA results are presented in the SEA study (also including guidelines 
for environmental protection and monitoring), on the basis of which, in a transpar-
ent process, decisions can be made to adopt, amend or reject the AWMP. Bearing in 
mind that the research was based on an AWMP simulation, this final phase of the 
SEA process was not formally implemented but was educative in character for vine-
yard owners in Oplenac Vineyard.

Results and Discussion

The use of GIS spatial data made it possible to reliably determine the spatial dis-
persion of the impacts of the AWMP proposal. GIS was also used in the analytical 
phase after the spatial data and waste production data were collected in AW (the 
case study), which were then extrapolated to the Oplenac Vineyard area. Based on 
the results of the spatial analysis it was established that the existing waste manage-
ment practice in the vineyards in the area of Oplenac Vineyard had several key char-
acteristics: (1) Waste from pruning stays in the vineyards and there is no further 
treatment of this type of waste; (2) Grape remains, and the grape skins and seeds 
are evacuated from the winery and disposed of in locations that are not envisaged 
or prepared for this purpose; (3) Packaging waste (glass bottles from wine tasting 
and vineyard fertilizer packaging) is taken to an existing municipal landfill that does 



1 3

Multi‑criteria Evaluation in Strategic Environmental… Page 9 of 27  4

Ta
bl

e 
1  

G
en

er
al

 a
nd

 sp
ec

ifi
c 

SE
A

 o
bj

ec
tiv

es
 a

nd
 th

e 
ch

oi
ce

 o
f r

el
ev

an
t i

nd
ic

at
or

s

En
vi

ro
nm

en
ta

l r
ec

ep
to

rs
G

en
er

al
 S

EA
 o

bj
ec

tiv
es

Sp
ec

ifi
c 

SE
A

 o
bj

ec
tiv

es
In

di
ca

to
rs

A
ir

Li
m

iti
ng

 th
e 

em
is

si
on

 o
f p

ol
lu

ta
nt

s i
nt

o 
th

e 
ai

r
(1

) R
ed

uc
in

g 
un

co
nt

ro
lla

bl
e 

w
as

te
 d

is
po

sa
l 

an
d 

m
an

ag
em

en
t

%
 o

f w
as

te
 d

is
po

se
d 

at
 th

e 
la

nd
fil

l
%

 o
f v

in
ey

ar
d 

w
as

te
 tr

ea
te

d 
in

 a
ny

 w
ay

%
 o

f c
om

po
ne

nt
s w

ith
 re

-u
sa

ge
 p

ot
en

tia
l i

n 
th

e 
to

ta
l a

m
ou

nt
 o

f v
in

ey
ar

d 
w

as
te

%
 o

f r
ed

uc
tio

n 
in

 u
nc

ol
le

ct
ed

 w
as

te
Re

du
ci

ng
 g

re
en

ho
us

e 
ga

s e
m

is
si

on
(2

) H
ar

m
on

iz
in

g 
w

ith
 n

at
io

na
l o

bj
ec

tiv
es

, 
in

cl
ud

in
g 

us
in

g 
w

as
te

 a
s r

es
ou

rc
e

(3
) I

nt
ro

du
ci

ng
 w

as
te

 tr
ea

tm
en

t a
nd

 re
-

us
ag

e 
be

fo
re

 d
is

po
si

ng
 it

 a
t t

he
 la

nd
fil

l

%
 o

f r
ed

uc
tio

n 
in

 w
as

te
 b

ei
ng

 d
is

po
se

d
A

m
ou

nt
 o

f w
as

te
 th

at
 c

an
 b

e 
re

cy
cl

ed
 o

r 
tre

at
ed

 in
 a

 d
iff

er
en

t w
ay

W
at

er
 (g

ro
un

d 
an

d 
su

rfa
ce

)
Re

du
ci

ng
 w

at
er

 p
ol

lu
tio

n 
to

 th
e 

le
ve

l w
he

re
 

th
er

e 
is

 n
o 

ne
ga

tiv
e 

eff
ec

t o
n 

th
e 

qu
al

ity
 

of
 w

at
er

(4
) H

ar
m

on
iz

in
g 

th
e 

re
le

as
e 

of
 p

ol
lu

ta
nt

s 
co

m
in

g 
fro

m
 th

e 
ac

tiv
iti

es
 o

f v
in

ey
ar

d 
w

as
te

 m
an

ag
em

en
t i

nt
o 

th
e 

w
at

er
 w

ith
 

EL
V

(5
) P

re
ve

nt
in

g 
ac

cu
m

ul
at

io
n 

of
 b

io
-w

as
te

 
fro

m
 v

in
ey

ar
ds

 in
 ri

ve
r b

ed
s

BO
D

 a
nd

 C
O

D
 u

ps
tre

am
 a

nd
 d

ow
ns

tre
am

 
fro

m
 th

e 
vi

ne
ya

rd
 w

as
te

 d
is

po
sa

l l
oc

at
io

n
C

ha
ng

e 
in

 th
e 

gr
ou

nd
 w

at
er

 q
ua

lit
y 

(%
 o

f 
kn

ow
n 

sa
m

pl
es

)
N

ut
rie

nt
s i

n 
w

at
er

N
um

be
r o

f p
hy

si
ca

l o
bs

ta
cl

es
 in

 w
at

er
co

ur
se

s 
th

at
 a

ffe
ct

 th
e 

hy
dr

ol
og

ic
 re

gi
m

e 
as

 a
 

co
ns

eq
ue

nc
e 

of
 in

ad
eq

ua
te

 v
in

ey
ar

d 
w

as
te

 
m

an
ag

em
en

t
So

il
Re

du
ci

ng
 c

he
m

ic
al

 so
il 

po
llu

tio
n

(6
) P

ro
vi

di
ng

 e
ffe

ct
iv

e 
di

sp
os

al
 o

f v
in

ey
ar

d 
an

d 
w

in
er

y 
w

as
te

%
 o

f t
he

 a
re

a 
un

de
r v

in
ey

ar
ds

 w
ith

 re
du

ce
d 

so
il 

ac
id

ity
 d

ue
 to

 th
e 

w
as

te
 d

is
po

sa
l i

n 
si

tu
%

 o
f r

ed
uc

tio
n 

of
 o

rg
an

ic
 w

in
er

y 
w

as
te

 d
is

-
po

sa
l o

n 
th

e 
so

il
B

io
di

ve
rs

ity
Re

du
ci

ng
 n

eg
at

iv
e 

im
pa

ct
 o

n 
bi

od
iv

er
si

ty
(7

) P
ro

te
ct

in
g 

bi
od

iv
er

si
ty

 fr
om

 in
ad

eq
ua

te
 

vi
ne

ya
rd

 w
as

te
 m

an
ag

em
en

t
N

um
be

r a
nd

 ty
pe

 o
f h

ab
ita

ts
 a

ffe
ct

ed
 b

y 
w

as
te

 
m

an
ag

em
en

t a
ct

iv
iti

es
La

nd
sc

ap
e

Pr
ot

ec
tin

g 
la

nd
sc

ap
es

 a
nd

 p
ro

te
ct

ed
 n

at
ur

al
 

ar
ea

s
(8

) P
ro

te
ct

in
g 

ar
ea

s f
ro

m
 in

ad
eq

ua
te

 v
in

e-
ya

rd
 w

as
te

 m
an

ag
em

en
t

N
um

be
r o

f p
la

ce
s t

hr
ea

te
ne

d 
by

 th
e 

in
ad

-
eq

ua
te

 v
in

ey
ar

d 
w

as
te

 d
is

po
sa

l
- N

um
be

r o
f v

al
ua

bl
e 

vi
st

as
 th

re
at

en
ed

 b
y 

in
ad

eq
ua

te
 v

in
ey

ar
d 

w
as

te
 m

an
ag

em
en

t



	 B. Josimović et al.

1 3

4  Page 10 of 27

Ta
bl

e 
1  

(c
on

tin
ue

d)

En
vi

ro
nm

en
ta

l r
ec

ep
to

rs
G

en
er

al
 S

EA
 o

bj
ec

tiv
es

Sp
ec

ifi
c 

SE
A

 o
bj

ec
tiv

es
In

di
ca

to
rs

So
ci

o/
ec

on
om

ic
 d

ev
el

op
m

en
t

A
dv

an
ci

ng
 k

no
w

le
dg

e 
th

ro
ug

h 
ed

uc
at

io
n,

 
tra

ns
fe

r o
f k

no
w

le
dg

e 
an

d 
sti

m
ul

at
io

n 
of

 
ec

on
om

ic
 g

ro
w

th

(9
) E

na
bl

in
g 

le
ar

ni
ng

 a
bo

ut
 w

as
te

 m
an

ag
e-

m
en

t i
n 

th
e 

w
in

er
y 

an
d 

on
 th

e 
le

ve
l o

f 
lo

ca
l s

el
f-

go
ve

rn
m

en
t

(1
0)

 In
cr

ea
si

ng
 in

ve
stm

en
ts

 in
 th

e 
de

ve
lo

p-
m

en
t o

f v
in

ey
ar

d 
w

as
te

 m
an

ag
em

en
t 

sy
ste

m
(1

1)
 S

tim
ul

at
in

g 
ec

on
om

ic
 g

ro
w

th
 a

nd
 m

ak
-

in
g 

pr
ofi

t t
hr

ou
gh

 im
pl

em
en

ta
tio

n 
of

 th
e 

ne
w

 w
as

te
 m

an
ag

em
en

t a
pp

ro
ac

h
(1

2)
 S

tim
ul

at
in

g 
im

pl
em

en
ta

tio
n 

of
 th

e 
vi

ne
ya

rd
 w

as
te

 m
an

ag
em

en
t s

ys
te

m

In
cr

ea
si

ng
 n

um
be

r o
f v

in
ey

ar
d 

w
or

ke
rs

 e
du

-
ca

te
d 

ab
ou

t w
as

te
 m

an
ag

em
en

t
- %

 o
f p

ro
fit

 in
ve

ste
d 

in
 d

ev
el

op
m

en
t o

f w
as

te
 

m
an

ag
em

en
t e

qu
ip

m
en

t a
nd

 in
fr

as
tru

ct
ur

e
- P

ro
fit

 o
f w

in
er

ie
s m

ad
e 

fro
m

 th
e 

im
pl

e-
m

en
ta

tio
n 

of
 th

e 
pr

oj
ec

t o
f u

si
ng

 w
as

te
 a

s 
re

so
ur

ce
- P

ro
fit

 o
f w

in
er

ie
s m

ad
e 

fro
m

 jo
in

t w
as

te
 

m
an

ag
em

en
t a

nd
 d

ev
el

op
m

en
t o

f w
in

e 
to

ur
is

m
- I

nc
re

as
ed

 c
ap

ac
iti

es
 n

ee
de

d 
fo

r s
us

ta
in

ab
le

 
w

as
te

 m
an

ag
em

en
t



1 3

Multi‑criteria Evaluation in Strategic Environmental… Page 11 of 27  4

Ta
bl

e 
2  

C
rit

er
ia

 fo
r t

he
 im

pa
ct

 e
va

lu
at

io
n 

w
ith

in
 th

e 
M

C
E 

m
et

ho
d 

im
pl

em
en

ta
tio

n

Ty
pe

 o
f i

m
pa

ct
R

an
k

D
es

cr
ip

tio
n

In
te

ns
ity

 o
f i

m
pa

ct
Ve

ry
 fa

vo
ur

ab
le

 (+
 3)

Ve
ry

 st
ro

ng
 p

os
iti

ve
 im

pa
ct

 w
ith

 v
is

ib
le

 im
pr

ov
em

en
ts

 in
 th

e 
en

vi
ro

nm
en

t
Fa

vo
ur

ab
le

 (+
 2)

St
ro

ng
 p

os
iti

ve
 im

pa
ct

Po
si

tiv
e 

(+
 1)

Po
si

tiv
e 

im
pa

ct
N

eu
tra

l (
0)

N
o 

im
pa

ct
, n

o 
da

ta
 o

r n
ot

 a
pp

lic
ab

le
N

eg
at

iv
e 

(−
1)

N
eg

at
iv

e 
im

pa
ct

U
nf

av
or

ab
le

 (−
2)

St
ro

ng
 n

eg
at

iv
e 

im
pa

ct
 (d

eg
ra

da
tio

n 
of

 th
e 

en
vi

ro
nm

en
t)

Ve
ry

 n
eg

at
iv

e 
(−

3)
Ve

ry
 st

ro
ng

 n
eg

at
iv

e 
im

pa
ct

 (d
eg

ra
da

tio
n 

of
 th

e 
en

vi
ro

nm
en

t)
Sp

at
ia

l d
im

en
si

on
 o

f t
he

 im
pa

ct
Re

gi
on

al
 (R

)
Po

te
nt

ia
l i

m
pa

ct
 o

n 
th

e 
re

gi
on

M
un

ic
ip

al
 (M

)
Po

te
nt

ia
l i

m
pa

ct
 o

n 
th

e 
m

un
ic

ip
al

ity
Lo

ca
l (

L)
Po

te
nt

ia
l i

m
pa

ct
 o

n 
a 

zo
ne

 o
r m

ic
ro

-lo
ca

tio
n

Im
pa

ct
 p

ro
ba

bi
lit

y
Q

ui
te

 su
re

 (Q
)

Pr
ob

ab
ili

ty
 o

f t
he

 e
ve

nt
 1

00
%

Li
ke

ly
 (L

k)
Pr

ob
ab

ili
ty

 o
f t

he
 e

ve
nt

 o
ve

r 5
0%

Po
ss

ib
le

 (P
s)

Pr
ob

ab
ili

ty
 o

f t
he

 e
ve

nt
 b

el
ow

 5
0%

D
ur

at
io

n 
of

 im
pa

ct
Te

m
po

ra
ry

 (T
)

Te
m

po
ra

ry
—

oc
ca

si
on

al
Lo

ng
-te

rm
 (L

t)
Lo

ng
-te

rm
—

co
ns

ta
nt



	 B. Josimović et al.

1 3

4  Page 12 of 27

not have a recycling process; (4) Waste is not treated as a resource and no education 
program has been implemented on the importance and benefits of waste reuse; (5) 
Environmental problems as a result of existing practices in waste management are 
evident, especially in the period after pruning and grape harvesting, as this is when 
the largest amount of organic waste is produced.

These waste management practices in wineries in the area were used in the for-
mulation of planning solutions for the AWMP for Oplenac Vineyard (first column 
in Tables 3 and 4), which is the response to the existing problems. They were also 
used for formulating the goals and indicators (Table 1) and evaluation criteria for the 
planning solutions and the AWMP (Table 2).

After the evaluation phase of the development scenarios3 confirmed that the sce-
nario involving the implementation of Oplenac Vineyard AWMP was more favour-
able than the referential scenario—business as usual, the MCE method was applied. 
Matrices were formed that compared the planning solutions with the SEA goals and 
they were evaluated based on two groups of criteria: intensity of impact; and spatial 
dimension of the impact, bearing in mind that these two groups of criteria determine 
the significance and the strategic value of the impacts.

The key results indicate that the planning solutions from the AWMP almost exclu-
sively provoke positive trends in space in relation to the SEA goals (Tables 3, 4, 5). 
Using MCE it was shown that the most positive effects from the implementation 
of the AWMP for Oplenac Vineyard are expected from implementing the planning 
solutions involving the regionalization of waste management and reuse of organic 
agricultural waste to obtain: energy, briquettes, composting, and various nutritional 
and cosmetic preparations; these are specifically developed in Table  5. The only 
negative effects identified during the MCE relate to the compensatory measures that 
winery owners should pay for all of the threats to the habitat which are not a result 
of applying the AWMP planning solutions, but rather are a consequence of waste 
management practices so far in Oplenac Vineyard.

The use of GIS tools and presentation of the results in the form of maps (Fig. 3), 
on which the negative, and later positive effects of applying the AWMP can be 
identified, made it possible to objectively determine the spatial dimensions of the 
impacts (local—covering only one vineyard, municipal—covering several vineyards 
within one municipality, regional—covering multiple municipalities).

The GIS analysis and presentation of the results of the SEA process for the 
Oplenac Vineyard AWMP demonstrate the contribution these methods make to 
understanding the importance of the changes that need to be made in the context of 
adopting sustainable waste management solutions. In this way, decision makers are 

3  Evaluation of the development scenario is not the focus of this paper and it has not been elaborated 
in detail. In short, it is concluded in this methodological step that the accepted development scenario 
involves the establishment of the concept of sustainable waste management based on the principles of a 
circular economy, regionalization and economy. With the implementation of the chosen waste develop-
ment scenario, positive effects on all SEA (environmental and socio-economic) goals are expected. The 
use of organic agricultural waste as a resource, with all of its environmental and economic, direct and 
indirect impacts, would improve the existing state of the environment in Oplenac Vineyard and improve 
the image of wineries that produce that waste.
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Fig. 3   a Territorial impacts of the vineyards on the environment before AWMP implementation. b Ter-
ritorial impacts of the vineyards on the environment after AWMP implementation
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on one hand educated, and on the other are given a good basis for making decisions 
on future developments in the field of managing agricultural waste from wineries 
and viticulture. In this case study, decisions are predominantly in the hands of win-
ery owners, who should team up on a regional basis in waste management. Winery 
profits are usually the highest priority, so solutions that only address environmental 
benefits are not sufficient motivation in themselves, rather it is also important to con-
sider the economic satisfaction gained from introducing modern waste management 
principles. Therefore, the educational character of the results of the MCE method 
used in the SEA process is of particular importance. It is presented in this paper in 
the matrices and graphs (Fig. 4) for evaluating the planning solutions, particularly 
in Table 5, which identifies and evaluates the ranks of the planning solutions with 
regard to their environmental impact and sustainable development. The results show 
the market value of individual products that can be obtained from organic waste, as 
well as the total amount of this type of waste in the region, so it is possible to make 
a rough estimate of the potential profits that the owners of wineries could expect by 
applying the planning proposals from the AWMP for Oplenac Vineyard.

Although the object of this paper was not to show the complete SEA process, it 
is important to emphasize that based on the results obtained from applying the MCE 
method within the framework of the SEA study, appropriate guidelines were defined 
that should ensure the consistent implementation of planning solutions that have 
positive effects on SEA goals, that is, they minimize the potential negative effects 
on the space they refer to. Once the guidelines and monitoring measures that need 
to be implemented in the AWMP are formulated in the SEA study, it is ready for the 
decision-making process. Bearing in mind that a simulated AWMP was used in this 
study for Oplenac Vineyard, at this moment the decision-making phase in the appli-
cation of the AWMP has not been envisaged, but rather, it will initially have an edu-
cational character in eight wineries belonging to Oplenac Vineyard. In the context of 
education, winery owners can at this stage already decide to apply specific techno-
logical solutions that apply to the use of waste as a resource, all for the purpose of 

Fig. 4   Graphic presentation of evaluation results
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applying the principles of a circular economy, sustainable development and protec-
tion of the environment. In this case, Aleksandrović Winery (the case study) has, 
using the research results and information shown in Table 5, recognized the benefits 
of applying the proposed concept and has already begun to put the research into 
practice by acquiring and beginning to use equipment for the collection and treat-
ment of waste from pruning, as well as launching an initiative to associate with other 
wineries in Oplenac Vineyard in order to achieve the best effects by applying the 
principles of a circular economy. In this way, the research acquired an applicative 
character.

Conclusion

The assessment of spatial/territorial environmental impacts using SEA is in its early 
stages in the development of spatial development policy in general, including sus-
tainable waste management policy, which is a significant segment of spatial devel-
opment. This paper presents the specifics and possibilities in relation to applying 
MCE methods in SEA for the AWMP of Oplenac Vineyard, supported by GIS tools. 
The specifics are: the selection of relevant objectives and indicators for evaluating 
the planning solutions that, in addition to environmental, include socio-economic 
aspects of sustainable development; the role of GIS tools in the spatial analysis, 
evaluation and perception of planning solutions in relation to the spatial dispersion 
of impacts and presentation of the solutions from the SEA process; and the method 
used to present the planning solutions in the form of matrices and graphs.

Considering that the strategic planning phase, for example the AWMP, does not 
directly produce any relevant technical, technological, economic or other detailed 
data, it is not possible to apply various multi-criteria simulation and mathematical 
decision-making methods, such as Additive Ratio Assessment (ARAS) or the Ana-
lytical Hierarchy Process (AHP) (Fu 2019; Improta et al. 2018; Kutut et al. 2014). 
These methods are used in other instruments in the field of environmental protection 
(EIA, ESIA) that are a natural continuation of the SEA process, and they minimize 
subjectivity in impact assessment, but are outside the SEA mandate according to 
European Strategic Environmental Assessment Directive 2001/42/EC.

In order to minimize subjectivity in the SEA process, it is extremely important, 
wherever possible, to support the SEA process by using different software models 
and methods to determine the territorial impacts, which in this case was achieved 
using GIS tools. The MCE method served as a means of determining: the impact 
intensity; spatial dimension of the impact; impact probability; and duration of the 
impact. The defined MCE criteria helped to identify the impacts of the AWMP, and 
the evaluation results were presented in a clear way based on GIS visualization, 
matrices and graphs, which proved particularly suitable in an educational context 
and later showed significant potential in decision making on the future conception of 
development.

Bearing in mind the solutions for eliminating agricultural waste from winer-
ies and viticulture proposed in the AWMP for Oplenac Vineyard and the possibil-
ity of further extrapolation of data using GIS, it is possible to determine the spatial 
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coverage using technical and economic instruments and life-cycle assessment (EIA, 
ESIA, LCA), which would provide opportunities for achieving the most favorable, 
above all economic, solutions, as the most efficient initiators of the initiative to bring 
together several wineries in order to apply the principles of a circular economy. The 
benefit would thus be economic, but also in the area of environmental protection. 
Although this type of economic analysis is outside the scope of SEA, this approach 
creates good preconditions for achieving the conceived solutions in the implemen-
tation phase of the AWMP. The possibility of making predictions in fields beyond 
the scope of SEA by means of spatial analyses in GIS indicates the flexibility of the 
method adopted, based on the modern principles of a circular economy and sustain-
ability in general, and it provides opportunities for further research in the territorial 
management of agricultural waste as a very important resource, especially thanks 
to the joint application of SEA and GIS instruments. Although in this research GIS 
was primarily used as a supporting tool, spatial data collected through this process 
could contribute to establishing an integral waste management system. This system 
could be implemented and adjusted on a national or broad regional scale. Some of 
the findings of recent studies (Krunić et  al. 2019) support the possibility of com-
bining geospatial data with other data and indicators on a national level in wine-
growing regions, in order to identify the main flows of agro-waste in Serbia. This is 
certainly a comparative advantage over current SEA implementation practices.

The methodological approach presented is potentially applicable to a wide range 
of development documents, where the focus should be to increase objectivity in the 
process of evaluating strategic development documents.

Returning to the role of environmental protection and the application of SEA in 
the context of addressing ethical and moral issues related to spatial development, 
agricultural waste management and development in general, it has already been 
pointed out that the SEA is a decision-making instrument. Regardless of the ethi-
cal and moral principles that experts adhere to in the SEA process, experts are not 
decision makers. Decision makers are institutions, politicians, investors, etc. Their 
ethical and moral values do not have to be, and often are not in the same “coordinate 
system” as science and professionals, so in that context the limited possibilities of 
the SEA process can be seen in terms of reaching certain ethical standards when it 
comes to implementing the conceived solutions. In addition, the fact pointed out by 
Callicott (2018) is that ethical and moral attitudes depend on the circumstances (spa-
tial, temporal, cultural, etc.) in which we live. Circumstances are changing, and so 
are ethical, and often moral attitudes, so there is always uncertainty as to how posi-
tions formed today in SEA, or in environmental policy in general, will have value 
and applicability tomorrow. Regardless of the views expressed, living in the present, 
analyzing the past, and thinking about the future, it is necessary to constantly raise 
the level of ethical and moral standards in the application of SEA, thus increasing 
the possibility for the majority of the conceived solutions, in this case in the field 
of the circular (agro conomy, to be applied in practice. The objectivity of the SEA 
process will certainly contribute to this, which is achieved by the methodological 
approach presented in this paper and by including the GIS technique in the analysis 
and presentation of the results. An additional value and opportunity for ethical and 
moral codes to be accepted by SEA decision makers is public participation within 
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the SEA process, through which it is possible to debate the proposed solutions, and 
in such a way influence the decision makers to make decisions in accordance with 
high moral and ethical standards.
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