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Multi-Criteria Decision Making (MCDM) is one of the main disciplines in operations 
analysis which employs different subjective (expert-dependant) and objective (data-driven) 
methods for assessing the quality and performance of complex systems in many areas. On 
one hand, the risks of relying on experts’ opinions are determined by the subjectivity of 
human experiences and preferences, while, on the other hand, the data-driven selections 
depend on the quality of data and practically neglect the users’ needs. One-sided subjective 
or analytical methods may lead to uncertainty in the evaluation decision-making process.  
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The Multi-Objective Optimization with Ratio Analysis (MOORA) is a popular approach 
with a compensatory concept for handling complex tasks for the assessment of numerous 
alternatives with multiple controversial criteria [1-6]. It is more transparent, intuitive, and 
easy for computation than other concepts, such as TOPSIS [7] and VIKOR [8], and allows 
to combine it easily with other methods without over-engineering the calculations. 


RE energy projects can be based on different technologies and management systems and 
their functioning can be assessed with different criteria and methods [9-13]�
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In this study, we use an existing data-set [17] containing 13 alternatives RE projects and 
7 selection attributes shown in Table 1.  

Table 1. Target alternatives and evaluation criteria for selection of RE projects 
Alternative RE projects Criteria Unit 

WA1 Wind power P � 5 MW C1 P Power MW 
WA2 Wind power5� P � 10 MW C2 OH Operating Hours/year 1000 h/y 
WA3 Wind power 10 � P �50 MW C3 UP Utilisation Period years 
HA4 Hydroelectric P �10 � MW C4 tCO2/y Avoided CO2 emissions Mt/y 
HA5 Hydroelectric 10 � P � 25 MW C5 IR Investment Ratio €/KW 
HA6 Hydroelectric 25 � P  � 50 MW C6 CP Construction period years 
SA7 Solar Thermo-electric P 10� MW C7 O&MC Oper. & Mainten. Cost €/MWh 
BA8 Biomass (energetic cultivations)  � 5MW 
BA9 Biomass (forest & agro wastes) P�5MW

BA10 Biomass (farm industry wastes) P� 5MW 
BA11 Biomass (forest industry wastes) P� 5MW 
BA12 Biomass (co-comb.in conv. central) P�50 

MW  

The number of alternatives “m” is not limited, but it is preferable to perform a 
preliminary selection according to the preferences and restraints of DM. This data-set 
contains projects of different scales based on mature and widely accessible technologies 
based on four types of RE for producing electricity: wind power (W), hydropower (H), solar 
(S), and biomass (B). "����
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Table 2. Basic Decision Matrix (BDM) 
	
���
������ 	�� 	�� 	�� 	�� 	�� 	�� 	��

�� ��� ��� �	����� ��� 	�� ���	�
1-
 	AAA�B� ����� 1����B CBD- ����� CB1-�


.�����������
$�% Benefit Benefit Benefit Benefit Cost Cost Cost 
WA1 5 2,35 20 1929936 937 1 1,470
WA2 10 2,35 20 3213560 937 1 1,470
WA3 25 2,35 20 9649680 937 1 1,510
HA4 5 3,10 25 472812 1500 1,5 1,450
HA5 20 2.00 25 255490 700 2 0,700
HA6 35 2,59 25 255490 601 2,5 0,600
SA7 50 75,00 25 482856 5000 2 4,200
BA8 5 75,00 15 2524643 1803 1 7,106
BA9 5 75,00 15 2524643 1803 1 5,425

BA10 5 75,00 15 2524643 1803 1 5,425
BA11 5 7500 15 2524643 1803 1 2,813
BA12 56 75,00 20 4839548 856 1 4,560
BA13 2 7,00 20 5905270 1503 1,5 2,512
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Table 3. Real and differed entropy weights in stand-alone Entropy approach 
Criteria P OH UP tCO2/y IR CP O&MC

WA1 0,121 0,038 0,285 0,22 0,206 0,236 0,178 
… … … … … … … …

BA13 0,060 0,090 0,285 0,42 0,279 0,304 0,254 
SEnom 3,033 2,858 3,672 3,15 3,431 3,612 3,376 
SEmax 3,700 3,700 3,700 3,700 3,700 3,700 3,700 

SEnorm=:; 0,820 0,772 0,992 0,852 0,927 0,976 0,912 
<:=>; 0,131 0,124 0,159 0,136 0,148 0,156 0,146 
8�=1-*� 0,180 0,228 0,008 0,148 0,073 0,024 0,088 
8*67� 0,241 0,305 0,010 0,197 0,097 0,032 0,117 
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Criteria C1-C4 are “benefit (profit)” type, while C5-C7 are “non-benefit (cost)” type. 
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The stand-alone Entropy approach described in Section 2 is data-driven and, in principle, 
excludes the participation of experts in defining the weights of evaluation criteria. However, 
a professional expertize is needed in many aspects – defining needs, pre-selecting target 
alternatives, selecting criteria, and applying evaluation methods. This report has not the 
possibility to explore the variety of topics related to expert activities, which are well 
discussed in numerous publications [19-22]. Our studies are focused on improving the 
traditional “Entropy & MOORA” approaches by decomposing the initial set of criteria into 
smaller blocks for optimizing the assessment procedures and finding solutions that allow 
reflecting the users’ needs and preferences. 

In the algorithm of Section 2, an additional Step 1.0  is integrated for defining the weights 
of a limited number of blocks 9E9 (E F � and, in our opinion, preferably E G H) with the 
Analytical Hierarchy Process (AHP)  method [23-24]. Such systematization allows to 
organize the expression of experts’ opinions and to frame the subjectivity of individual 
judgments up to the stage of defining the importance of blocks. In case discussed in this 
paper, all criteria are grouped in 3 blocks:�

1) “Technical - Block 1” - for all technical parameters  (IJ�� IK�� IL�);
2) “Ecology - Bock 2” - for ecology and pollution control parameters (IM�);
3) “Costs - Block 3”- for financial and time parameters related to the realisation

of the project (IN�� IO���IP�). 
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The logical systematization of criteria in blocks(groups) reduces the number of “pairs-
comparisons” and facilitates the hierarchical ranging of priorities, allowing to express with 
less confusion the individual preferences of DM. To define block weights a quadratic 
Hierarchy Preference Matrix HPM(b x b) is constructed in which the values reflect the 
judgments of DM according to the traditional AHP scale. The values of “1-3-5-7-9” 
correspond to pivot verbal judgments “equal importance - moderate importance - strong 
importance - very strong importance - top importance”. Interim values (2-4-6-8) can be used 
for more precision. The comparison of a single block  (EQ�) with itself results in “1”, so  the 
main diagonal’s cells in  HPM(b x b) are fixed to “1”. If the hierarchy preference “hp” of 
“Technical v/s Energy” is judged as “strong”, it is quantified in “hp=5”. The reciprocal 
comparison “Energy v/s Technical” results in “hp=1/5”. An important advantage of the 
“AHP(blocks)” approach allows to model flexibly the values HPM(b x b) with less 
computational efforts, less subjectivity, and better consistency in defining the hierarchy 
preferences. The block weights (bw) are calculated as:�

RST � /U VWTT
R
T�J 1J R X� /U VWTT

R
T�J 1J RR

T�J Y , where T � J�� � R$ (14) 

� E7Q � �Z
Q��        (15) 

 H�����		��� �����	�������
"��

���������	�	
������
"���	
�����<����
��	����HPM �
	��
�
����	������K�������������������������
��������3. 

Table 4. AHP Hierarchy Preference Matrices (HPM) for block weights definition 
Preferences Balanced preferences Ecology-driven preference Cost-driven preferences 

Blocks B1 B2 B3 weight B1 B2 B3 weight B1 B2 B3 weight 
B1:Technical 1 1/2 1/2 0.2 1 1/4 1/2 0.143 1 1/2 1/4 0.143 
B2: Ecology 2 1 1 0.4 4 1 2 0.571 2 1 1 0.286 

B3: Costs 2 1 1 0.4 2 1/2 1 0.286 4 2 1 0.571  
Consistency CR=0% (excellent) CR=0% (excellent) CR=0% (excellent) 

 To define objectively the weights of criteria in the blocks with more than one criterion 
(Block 1) the Entropy transformation is calculated as described in Step 3 of Section 2. 
 The definition of weights for the variant “Balanced preferences” is presented in Table 5. 

Table 5. Entropy weighting of criteria  with balanced “Ecology-to-Costs (1:1)” preferences 
AHP Blocks Block 1 -Technical Block 2 - Ecology Block 3 - Costs 

Block weights 0.2 0.4 0.4 
Criteria P OH UL tCO2/y IR IP O&M C 

SEnorm =�:; 0,820 0,772 0,992 0,852 0,927 0,976 0,912 
rebw (Blocks) 0,317 0,299 0,384 0,400 0,329 0,347 0,324 
recw (Criteria) 0,063 0,060 0,077 0,400 0,132 0,139 0,130 

d=1 -e 0,180 0,228 0,008 0,400 0,073 0,024 0,088 
debw (Blocks) 0,434 0,548 0,018 0,400 0,394 0,130 0,476 
decw(Criteria) 0,087 0,110 0,004 0,400 0,158 0,052 0,190 

The definition of weights for the “Ecology-driven preferences” is presented in Table 6.�

Table 6. Entropy weighting of criteria with Ecology-driven preferences /Ecology-to-Costs (2:1)/  
AHP Blocks Block 1 - Technical Block 2 - Ecology Block 3 - Costs 

Block weights 0.143 0.571 0.286 
Criteria P OH UL tCO2/y IR IP O&M C 

SEnorm =�:; 0,820 0,772 0,992 0,852 0,927 0,976 0,912 
rebw (Blocks) 0,317 0,299 0,384 0,571 0,329 0,347 0,324 
recw (Criteria) 0,045 0,043 0,055 0,571 0,094 0,099 0,093 

d=1 -e 0,180 0,228 0,008 0,571 0,073 0,024 0,088 
debw (Blocks) 0,434 0,548 0,018 0,571 0,394 0,130 0,476 
decw (Criteria) 0,062 0,078 0,003 0,571 0,113 0,037 0,136 

� The definition of weighs for the “Cost-driven preferences” is presented in Table 7. 
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Table 7. Entropy weighting of criteria with Cost-driven preferences /Ecology-to-Costs (1:2)/ 
AHP Blocks Block 1 - Technical Block 2 - Ecology Block 3 - Costs 

Block weights 0.143 0.286 0.571 
Criteria P OH UL tCO2/y IR IP O&M C 

SEnorm =�:; 0,820 0,772 0,992 0,852 0,927 0,976 0,912 
rebw  (Blocks) 0,317 0,299 0,384 0,286 0,329 0,347 0,324 
recw (Criteria) 0,045 0,043 0,055 0,286 0,188 0,198 0,185 

d=1 -e 0,180 0,228 0,008 0,286 0,073 0,024 0,088 
debw (Blocks) 0,434 0,548 0,018 0,286 0,394 0,130 0,476 
decw (Criteria) 0,062 0,078 0,003 0,286 0,225 0,074 0,272 

 In the hybrid “AHP-block &Entropy”, approach the “real entropy criteria weights 
34*67�[ are logical and directly deducted from primary data to reflect the real distribution of 
information. In opposite, the artificial calculation of “differed entropy criteria weights 
38*67�[ creates important redistribution  of information in Block 1 and Block 3 which 
contain more than one criterion. In Block 1 the importance of “Utilization Life (UL)” is 
reduced to a neglected level: in the Balanced policy from 0.077 to 0.004 (19.25 times); in the 
Ecology-driven policy from 0.055 to 0,003 (18,3 times); and in the Cost/Efficiency-driven 
policy -  from 0.055 to 0,003 (18,3 times). The situation is very similar in Block 3: the 
importance of “Construction period” is reduced in “Balanced policy” from 0.139 to 0.052 
(2,7 times); in the Ecology-driven policy from0.099 to 0.037 (2.7 times); and in the 
Cost/Efficiency-driven policy - also from 0.198 to 0,074 (2.7 times). Data treatments depend 
on the researcher’s concept and responsibility, but in real conditions they should be 
undertaken with common sense since such “differed content” may have serious consequences 
for users. 

+	��&��	���	"��&���	
The ranking of results for best alternatives with MOORA   in the four variants of weighs for 
the 3 different selection policies is displayed in Table 8. The stand-alone entropy method 
“SE” is 100% data-driven and it cannot take into account the users’ preferences.  Logically 
however the  perturbation of results between  94*679 and 98*679 is very important – except 
for t #1, #2 and #4 ranks all other results are different. 

 
Table 8. Final ranking of MOORA assessment results for selection of RE projects 

Approach Hybrid AHP Block & Shannon Entropy Stand-alone Shannon Entropy 
Weights recw decw recw decw 

Preference B E C B E C Single variant Single variant 
WA1 6 6 5 6 12 5 6 12 
WA2 4 4 4 4 10 4 3 10 
WA3 1 1 1 1 2 1 2 2 
HA4 12 12 11 12 13 9 11 13 
HA5 11 11 7 10 11 8 7 11 
HA6 10 10 8 7 8 6 5 8 
SA7 13 13 13 13 3 13 13 3 
BA8 9 9 12 11 7 12 12 7 
BA9 7 7 9 8 5 10 9 5 
BA10 7 7 9 8 5 10 9 5 
BA11 5 5 6 5 4 7 4 4 
BA12 
BA13 3 3 3 3 9 3 8 9 

M�����B�N�O�N�����������
���*J������Q;��	�1R�J�O�J���������
�������
��R�;�O�;��	���
�������
���

 In contrast, thanks to the block systematization in the combined “AHP-block & Entropy” 
approach the policy preferences can be taken into account flexibly and correctly. Although 
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values of  AHP(blocks) weights were adjusted for modelling different preferences, the  
selections in the 3 variants of preferences  in real entropy criteria weights �34*67� are very 
similar. In this case, this was predetermined by the empirical information contained in the 
original data-set. The top 4 alternatives  with  �\4*67[ for  all 3 preference have the same 
ranking and  are based on the more mature wind and biomass technologies 
(WA3>BA12>BA13>WA2).  
 The final assessments with the combined “AHP(blocks) & Entropy” and MOORA 
approaches in our study are in accordance with the basic findings in the study of J.R. San 
Cristobal [17] received initially on the same data-set with the application of the classical AHP 
and VIKOR methods. 
 One of the purposes of our studies is to explore the repercussions of the “differed 
entropy” generated in eq. (8-9) on the robustness of MCDM process. The advantages of the 
combined “AHP(blocks) & Entropy” method are confirmed by simulating selections in three 
different variants of preferences and assessments with the MOORA technique. The 
systematization of criteria in blocks allocates defined “quota” of importance to each block 
and this is space in which the “differed entropy” is limited redistribute the weights of criteria. 
If needed, additional AHP(blocks) decompositions can be performed for creating sub-blocks 
in selections with more criteria. This is often the case in MCDM for complicated investment 
projects with numerous technical, financial, social, and other criteria. A major advantage of 
such an approach is that at the sub-block levels the participation of experts can be very well 
structured to improve the consistency of their opinions. In addition, the DMs’ involvement 
becomes more feasible and effective. At the same time, the application of artificially 
calculated weights risk to completely disregard the real needs of users and to increase 
uncertainty. For this reason, the data-driven methods based on a logical systematization 
should be preferred to the substitution of empiric facts by “differed reality”. 

,	!����&���	���	)&
���
	
���
��	
The methodological improvements and experiments in this study confirm that the 
enlargement of the traditional “Entropy” approach with the “block weighting” of criteria in 
AHP(blocks) provides an additional logical and accessible approach for multi-criteria 
analysis and effective support for the decision-making process. The comparative analysis of 
the variants with real and differed weights of criteria confirm our preferences for direct 
measuring of diversity based on real data and sets a basis for further research in other areas 
and evaluation techniques used in MCDM. 
 From a practical point of view, this study provides a useful basic framework for 
analyzing RE investment projects and improving the MCDM process with approaches 
tailored to preferences and budgets of different users, regions, and technologies under 
conditions of pandemic and economic restraints. Another result is the confirmation that 
benefits from economies of scale are well expressed in the all types of technologies based on 
different RE sources. This is important for convincing the users to be orientated for more 
performant equipment if they can be realized in their region, and at the same time to have a 
flexible and portfolio-oriented policy. The combination of projects based on different 
technologies will be critical for building diversified and reliable energy-generating systems. 
The data set employed in this system includes alternatives that were ranked without 
controversies in the preference profiles. In practice, the real situation is expected to become 
more uncertain with the progress in the different technologies and the increase of competition 
between manufacturers of different systems and equipment, which would require considering 
larger numbers of criteria and alternatives with increased number of experts. 
 Further applied research should include the application of “AHP(blocks) & Entropy”-
approach with different final evaluation techniques, such as TOPSIS, VIKOR, WPN, 

PEPM'2021

E3S Web of Conferences 327, 02004 (2021) https://doi.org/10.1051/e3sconf/202132702004

7



ELECTRE, and others which will provide integrated and more reliable methods for selecting 
investment projects. Taking into account that the migration to “zero carbon emissions” 
energy model can be achieved during a reasonable transition period of 20-30 years, the future 
research should include other technologies (hydrogen, gas, coal,  nuclear an hybrid projects)  
depending on the  specifics of different  countries and geographical regions.  
 
This research is supported by the Bulgarian FNI fund through the project “Modeling and Research of 
Intelligent Educational Systems and Sensor Networks (ISOSeM)”, contract P-06-H47/4 from 
26.11.2020. 
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