
978-8-8872-3740-5 ©2018 AEIT 

A joint Multi Criteria – Cost Benefit Analysis  
for project selection on smart grids 

Matteo Troncia, Nayeem Chowdhury, Fabrizio Pilo 
Department of Electrical and Electronic Engineering 

University of Cagliari 
Cagliari, Italy 

{matteo.troncia, nayeem.chowdhury, pilo}@diee.unica.it 

Iva Maria Gianinoni 
Ricerca sul Sistema Energetico 

RSE S.p.A. 
Milano, Italy 

iva.gianinoni@rse-web.it 

Abstract— Techno-economic assessment methodologies are 
fundamental tools both for defining strategic policies and for 
selecting the worthy investment options. Since smart grid 
transition and the increasing demand for novel decision support 
tools, a joined Multi Criteria – Cost Benefit Analysis (MC-CBA) 
is presented in this paper. The aim is to provide an assessment 
framework for smart grid projects which considers monetary 
and non-monetary impacts.  The joint approach is proposed for 
outclassing the weaknesses of both CBA and MCA by 
emphasizing their strengths. The MC-CBA framework is 
employed for identifying the best option among a set of active 
network distribution planning alternatives. The monetisation of 
all impacts is not required; hence, the MC-CBA is suitable for 
assessing social and technical impacts without introducing any 
underlying bias. The aim of the proposed MC-CBA is to help 
companies and government bodies in strategic planning. 

Keywords—distribution network planning, distributed energy 
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I. INTRODUCTION 
The electrical power system is currently experiencing the 

smart grid transition. Several key drivers such as 
environmental concerns, market liberalization, increase of 
distributed renewable energy are leading the transformation 
to an active and bidirectional network scheme. In this novel 
scenario, the traditional planning methodologies are no 
longer effective [1]. In distribution system planning, 
expansion plans and reinforcements activities are defined in 
order to meet the expected future scenario. Since the 
increased complexity of the power system, this process has to 
satisfy more goals than the cost minimisation constrained by 
the quality of supply. Each planning option has to achieve a 
satisfactory level of performances on, e.g., energy losses, 
hosting capacity, self-healing, cyber-security, reduced 
emissions, customer participation. In this context, traditional 
assessment approaches based on economic tools (i.e., Cost-
Benefit Analysis - CBA) which aggregates all objectives into 
a single criterion may lead to suboptimal plans. Furthermore, 
not all costs and benefits produced by an expansion plan are 
quantifiable and/or monetizable; this kind of impact are 
intractable for classic CBA [2], [3]. With the aim to assess 
independently several conflicting criteria and include in the 
analysis the intractable impacts, Multi-Criteria Analysis 
(MCA) resorts in planning activities [1], [3]–[6]. Since CBA 
and MCA are complementary tools, a combined assessment 
framework may be devised in order to emphasize their 
strengths. A combined assessment approach is promoted both 
at an academic and regulatory level on several sectors [4], 
[7]–[9]. In this paper, a combined MC-CBA assessment 
framework is proposed. This framework is based on 
international recommendations and guidelines on project 
analysis, it allows for a systematic and simultaneous 

assessment of different impacts. The aim is to provide a 
decision-making tool which helps both system operators and 
regulatory bodies for smart grid projects assessment by 
complying with the novel context requirements. To present 
the MC-CBA framework, a case study focused on the 
decision-making problem of smart grid planning alternatives 
is described. More specifically, a set of different upgrading 
plans based on the Active Distribution Network (ADN) 
approach is analysed for identifying the best planning option. 

II. APPROACHES FOR TECHNO-ECONOMIC ASSESSMENT 
From the governance point of view, smart grids are 

considered as the mean for reaching several strategic 
objectives such as promote renewable energy sources, 
enhance the security of supply, foster energy efficiency, and 
increase the active role of customers in a liberalised energy 
market [10]. Smart grids will enable novel features and 
services in the distribution system whose impacts will cross 
the power system borders. To illustrate, market liberalisation, 
dispersed generation, smart metering, electric vehicles and 
flexible services such as demand response will influence the 
customer daily habits and will impact on the society as a 
whole. Since smart grids are mainly related to public sector 
investments, traditional tools used for project appraisal in the 
private sector show several fundamental shortcomings [2], 
[5], [9]. CBA is based on welfare economics principles [11], 
as underlying hypothesis assumes people as consumers and 
considers goods and services which are exchanged within a 
market. In the private sector the tangible impacts are 
majoritarian, and the investor target is to maximise the 
profits. Conversely, in public sector, people are involved as 
citizens and the offered goods and services do not have a 
market. Moreover, intangible impacts are not negligible, and 
the main investor goal is to maximise the efficiency and the 
effectiveness of investment cost. Since these fundamental 
differences, CBA used in the public sector is not directly 
applicable: the required adjustments on quantifying, 
monetising, and discounting techniques weaken the CBA 
validity. 

MCA is an operation research tool for complex decision 
making [12]. Among MCA, Multi-Attribute Decision-
Making (MADM) methods help in identifying the best option 
among an explicitly known set [13]. For the sake of 
simplicity, this paper refers only to this branch of approaches 
as MCA methods. MCA allows for appraising heterogenous 
and conflicting criteria: tangible and intangible impact can be 
simultaneously evaluated. Furthermore, the stakeholder point 
of view is directly involved in the evaluation process by 
means of the definition of criteria relevance [12]. These 
features make MCA suitable for strategic decision-making 
within public sector; however, no explicit rule such that 
benefits must exceed costs exists (Kaldon-Hicks criterion), 
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hence the identified best option may not purse well-being 
improvement: the "doing nothing" principle might result as 
preferable [12]. 

CBA and MCA are not mutually exclusive tools, therefore 
a combined approach for project analysis can be devised with 
the aim to fill the respective gaps while preserving the 
respective strengths [8].  

Since the relevance of techno-economic assessment in 
strategic decision-making, decision-support tools are widely 
investigated in Literature; in the following several recent 
research works on electricity sector are briefly described. In 
[14], a sequential MCA-CBA for demonstrating the 
effectiveness of storage in the distribution network is 
presented. A large number of plans involving storage devices 
are devised by using a multi-objective optimisation approach. 
Then, the economic sustainability of the alternatives 
belonging to the Pareto front is assessed by a CBA. The study 
has been promoted by the Italian regulator to define the 
conditions under which remunerate the DSOs which owns and 
operates storage for network issues. In [15], an improved CBA 
(CBA 2.0) is used for evaluating several case studies 
concerning the Italian transmission system. The approach is 
based on two sets of impact categories, the first is monetised 
as far as possible while the second is qualified. Since the aim 
is to find a reliable monetary value for all impacts, a 
monetisation technique is proposed also for the second set. In 
[16], a selection problem of distribution planning projects is 
solved by using an MCA technique (TOPSIS). The best option 
among the given set is identified considering 3 economic and 
5 technical criteria. Three different stakeholders’ perspectives 
are investigated, the resulting best option is different in the 3 
scenarios. 

III. THE MC-CBA FRAMEWORK 
In this paper, an MC-CBA approach for smart grid project 

assessment is presented. Within the MCA framework, the 
economic criterion evaluates the result of a CBA focused on 
monetised impacts. Conversely, other tangible and the 
intangible impacts are appraised by means of several 
evaluation criteria according to MCA principles. The overall 
assessment of each planning option is obtained by combining 
the result obtained from the monetary evaluation with the 
result of the non-monetary one. The MC-CBA framework for 
smart grid planning assessment used in this paper is based on 
international guidelines [4], [17]. These fundamentals grant 
validity to the proposed approach whose novelty is the 
formalisation of the assessment procedure. The MADM 
technique implemented to compute the overall score of the 
alternative is based on the fundamentals of the Analytic 
Hierarchy Process (AHP) [18]. In this section, the key 
elements of the MC-CBA framework are described. 

A. The hierarchy and relevance of criteria 
A hierarchical structure of criteria is used for 

decomposing the decision-making problem. The hierarchy of 
criteria is organised according to the principle of abstraction. 
Therefore, the main goal at the head of the hierarchy is 
referred to the strategic objectives, the intermediate 
objectives placed in the first level of the hierarchy represent 
general goals on specific sectors related to the main goal of 
the decision problem. The second level hosts criteria which 
describe specific objectives of the sector. The last level 
contains the terminal criteria whose fulfillment is directly 

measurable by means of the performance indicators. The 
hierarchy is formed by three independent branches: the 
economic evaluation, the smart grid deployment merit 
evaluation, and the evaluation of externalities. The overall 
goal of the hierarchical tree is to identify the best project 
option according to the decision maker’s (DM) perspective. 
The first branch assesses the economic performances of each 
alternative by evaluating the result obtained from a CBA of 
monetary impacts. The second branch is focused on the 
assessment of the contribution towards the smart grid 
realization given by each project option. This contribution is 
evaluated according to the Policy Criteria (PCs) and the 
related Key Performance Indicators (KPIs) proposed by the 
Joint Research Centre (JRC) [4], [17]. The smart grid 
deployment merit evaluation is output-based: the evaluation 
is focused on the effects produced by the infrastructure, 
instead of its technical features. The third branch assesses the 
externalities produced by the investment option. Several 
thematic areas can be defined to aggregate single impacts. 
The former is the second level criteria of the overall 
hierarchy, while the latter are the related terminal criteria. 
Once the evaluation criteria are decided, each branch is 
independently evaluated. The criteria relevance depends on 
stakeholders’ perspective, the criteria weights are defined 
accordingly. Each criterion has a local weight (or local 
priority) referred to the parent criterion and defined with 
respect to the other criteria which belong to the same level of 
the hierarchy. Conversely, the global weight (or global 
priority) of each criterion measures its relevance with respect 
to the main goal at the head of the hierarchy. The global 
weight is computed from the local weights according to the 
hierarchical composition principle [19]. 

B. The normalised score of the alternatives 
According to MCA principles, each impact has to be 

measured by using a quantitative or qualitative index. 
Together with criteria relevance, the performances of the 
alternatives measured by the indicators are the key elements 
of an MCA. Each indicator measures the fulfillment of the 
related terminal criterion of the hierarchy. The Performance 
Matrix (PM) of the decision-making problem contains, for 
each alternative under analysis, the values of the indicators. 
In general, the indicators related to different terminal criteria 
have different measurement unit. A normalisation procedure 
is necessary to combine the performance obtained on 
different criteria. In this paper, the automatized scoring 
process proposed by the authors in [5] is used. By means of 
an automatized pairwise comparison procedure, the used 
scoring process allows to obtain a normalised score for each 
alternative on each terminal criterion.  

C. The overall score of the alternatives 
Since the three branches are independent, three partial 

scores are computed for each alternative. For each of the three 
branches of the criteria hierarchy, the partial scores of the 
alternatives are evaluated as in (1). 

 
(1) 

Where  is the vector of the partial scores of the alternatives 
for the b-th branch.  is the matrix of the normalised scores 



of the alternatives with respect to each terminal criterion.  
is the vector of global weights of the terminal criteria. r is the 
number of alternatives, while h is the number of terminal 
criteria.  is the normalised score of the i-th alternative with 
respect to the j-th terminal criterion.  is the global weight 
of the k-th terminal criterion. 
Similarly, the overall score of each alternative is obtained by 
linearly combining the three partial scores with the global 
relevance of each branch, as shown in (2). 

  (2)

Where  is the vector which contains the overall score of the 
alternatives, dimension (r,1).  is the vector which contains 
the global weight of the three branches, dimension (nb,1), 
where nb is the number of branches.  is the i-th vector which 
contains the partial scores of the alternatives with respect to 
the i-th branch of the hierarchy. 
The alternative which achieves the highest overall score is 
identified as the best option by the MC-CBA framework. 

IV. CASE STUDY 

A. The distribution network under analysis 
The case study presented in this paper concerns the 

analysis of a set of distribution grid planning alternatives. The 
portion of the distribution grid represents a typical rural 
scenario; the network is weakly meshed with emergency tie 
connections and radially operated [5]. As represented in Fig. 
1, the network is fed by two primary substations (nodes 1 and 
2) and it has 22 MV nodes. The radial structure is divided into 
four zones: A1, B1, B2, C1. The zone A1 is an urban area 
characterised by two underground feeders. The zones B1 and 
B2 are rural areas fed by means of overhead feeders and 
several distributed generators. The zone C1 is a passive rural 
area fed by a lateral branch. The underground feeders are 95 
mm2 MV cables, while overhead MV lines trunk feeders and 
lateral branches have sections of 35 mm2 and 16 mm2 
respectively. 

B. The planning alternatives under analysis 
The planning alternatives under analysis are a set of 

reinforcement plans based on the ADN approach. This novel 
approach differs from traditional fit and forget since it 
combines network solutions and active management strategies 

with the aim to maximise the exploitation of the existing 
infrastructure. The active management strategies are also 
known as no-network solutions, they involve e.g., reactive 
power management, system reconfiguration, generator 
dispatch, demand-side management. In this paper, along with 
line and substation upgrading, the siting, sizing, and 
management of Distributed Energy Storage (DES) devices is 
provided as a no-network solution. The aim of this paper is to 
present a systematic framework for project analysis and 
selection, the information required by the presented MC-CBA 
framework is only related to the performance achieved by 
each planning option, at this stage the assessment does not 
require information about how a reinforcement plan has been 
devised. However, for the sake of completeness, a brief 
description of the process which devised the alternatives is 
given. Each reinforcement plan under analysis has been 
devised by a multi-objective planning optimisation. A Pareto 
front has been obtained by using the procedure described in 
[20]. Each plan has a time horizon of 10 years, the network 
topology and the number of distributed generators are fixed. 
A load growth rate of 3% per year is considered for each 
MV/LV node. Uncertainties have been introduced by 
modelling loads and generators with typical daily profiles and 
normal probabilistic distribution functions. The technical 
constraint violation risk is evaluated hourly by means of a 
probabilistic load flow. Steady state and emergency 
configurations are assessed. The multi-objective optimisation 
planning procedure considered 9 objectives: network 
investment, energy losses, reactive power exchange with the 
Transmission System Operator (TSO), quality of service in 
terms of number of interruptions, quality of service in terms 
duration of the interruptions, quality of service in terms of 
voltage dips, voltage profile quality, black start support, and 
DES investment. The DES devices considered are Li-ion 
batteries with 10 years of expected lifetime. Each 
reinforcement plan is characterised by up to 2 DES devices 
having a nominal power within the range 100 kW 3 MW 
and a nominal duration within the range 1 hours. The 
Distribution System Operator (DSO) owns the DES devices 
which are used for network operation; conversely, their use 
for energy price arbitrage is forbidden. 

C. The criteria hierarchy 
According to MCA principles, a set of relevant evaluation 

criteria has to be identified with the aim to effectively assess 
the alternatives. The hierarchy of evaluation criteria selected 
in the present case study is depicted in Fig. 2.  

Fig. 1. Distribution network of the case study [5] Fig. 2. Overview of the hierarchy of evaluation criteria 



The decision-making problem is addressed from the utility 
perspective which proposes the plans, the externality impacts 
have been neglected due to the unavailability of data. The 
economic assessment is based on the performance achieved 
by the alternatives in terms of Net Present Value (NPV). This 
indicator is evaluated by means of a CBA which concerns the 
three monetary impacts: the investment cost of traditional 
network reinforcement solutions, the investment cost in DES 
devices, and the cost related to the reactive power exchange 
with the transmission grid. The smart grid deployment merit 
is evaluated by means of the list of criteria proposed by the 
JRC [4], [17]. The proposed list is general purpose for the 
smart grid context, therefore the most suitable subset of 
criteria has to be identified according to the decision-making 
problem at hand. The 3 PCs chosen for the present case study 
are: network connectivity and access to all categories of 
network users (PC1), security and quality of supply (PC2), and 
efficiency and service quality in electricity supply and grid 
operation (PC3). The related KPIs are: operational flexibility 
provided for dynamic balancing of electricity in the network 
(KPI1A), stability of the electricity system (KPI2A), duration 
(KPI2B) and frequency (KPI2C) of interruptions per customer, 
voltage quality in terms of voltage variations (KPI2D), and 
level of losses in distribution networks (KPI3A). The overall 
hierarchy is characterised by 7 terminal criteria. The 
performances of the alternatives on these criteria are assessed 
by means of quantitative indicators. The formulas for 
evaluating the numerical value of each indicator are described 
in this section.    

1) NPV 
The Net Present Value of each alternative is evaluated as the 
sum of discounted benefits and costs, as in (3). 

 
 (3) 

Where  is the investment cost of traditional network 
reinforcement solutions;  is the investment cost of DES 
devices;  is the monetary value of the reactive power 
exchange with the transmission grid. Each term is discounted 
by considering a fixed discount rate of 4%. The plan which 
achieves the highest NPV is the best option according to the 
economic assessment. 

2) KPI1A: Operational flexibility 
The KPI1A evaluates the contribution in terms of 

flexibility given by the alternative to the operation of the grid. 
This contribution depends on the dispatchable resources 
available in the network. In the case study, DES devices are 
the only dispatchable units. Considering the available 
information on the expansion plans, the KPI1A is evaluated by 
(4). 

 
 (4) 

Where  is the number of DES devices provided by the 
alternative;  is the expected maximum power 
generated by the i-th device in the planning horizon; 

 is the expected maximum power adsorbed from the 
grid by the i-th device in the planning horizon. The alternative 
which contributes more to operational flexibility is the one 
which achieves the maximum value of the . 

 
 

3) KPI2A: Power system stability 
The KPI2A evaluates the contribution of the planning 

alternatives in relieving the possible sources of system 
instability. JRC suggests simulating the system behaviour in 
several extreme scenarios [17]. Since the available 
information on the alternatives, a different approach is used. 
Taking into account that DES devices can contribute to 
network black-start, a potential ex-post contribution to the 
system reliability is considered in this paper. The 
performance indicator for KPI2A is computed by (5). 

 (5) 

Where  is the amount of active power available for the 
black-start service;  is the number of DES devices 
provided by the alternative;  is the number of time 
intervals of the planning period;  is the state of charge 
of the i-th device in the h-th time interval;  is the 
discharging efficiency of the i-th device;  is the nominal 
power of the i-th device. The planning option that achieves 
the highest value of  better performs in terms of black-
start support. 

4) KPI2B: Duration of interruption 
The KPI2B evaluates the contribution of the planning 

alternatives in reducing the duration of the interruptions for 
each customer; therefore, the KPI2B corresponds to the 
System Average Interruption Duration Index (SAIDI), it is 
evaluated as shown in (6). 

 (6) 

Where  is the duration of outages for the customers in the 
i-th bus;  is the number of customers in the i-th bus; n is 
the number of busses in the network. The planning option that 
achieves the lowest value of  better performs in terms 
of duration of interruptions. 

5) KPI2C: Frequency of interruption 
The KPI2C evaluates the contribution of the planning 

alternatives in reducing the frequency of interruptions for 
each customer; therefore, the KPI2C corresponds to the 
System Average Interruption Frequency Index (SAIFI), it is 
evaluated as shown in (7). 

 (7) 

Where  is the failure rate in the i-th bus;  is the number 
of customers in the i-th bus; n is the number of busses in the 
network. The planning option that achieves the lowest value 
of  better performs in terms of frequency of 
interruptions. 

6) KPI2D: Voltage variations 
The KPI2D evaluates the contribution of the planning 

alternatives in rejecting voltage variations. DES can 
contribute to voltage regulation by means of the power factor 
management. In this paper, the KPI2D is evaluated by (8). 

 (8) 

Where n is the number of busses in the network;  is the 
number of time intervals of the planning period;  is the 
maximum voltage value in the i-th bus at the h-th interval; 



 is the minimum voltage value in the i-th bus at the h-th 
interval. The planning option that achieves the lowest value 
of  better performs in terms of voltage variations. 

7) KPI3A: Energy losses 
The KPI3A evaluates the contribution of the planning 

alternatives in reducing the network energy losses. DES can 
contribute in reducing network losses by providing the peak 
shaving service. The KPI3A is evaluated by (9). 

 (9) 

Where  is the number of element considered for the 
assessment of energy losses (HV/MV transformers, lines); 

 is the number of time intervals of the planning period; 
is the energy loss of the j-th element in the k-th time 

interval. The planning option that achieves the lowest value 
of  better performs in terms of energy losses. 

D. Planning alternatives and Performance Matrix 
 The case study presented in this paper concerns 5 

planning alternatives. Each planning option provides both 
line and substation upgrading and DES siting and sizing. An 
overview of DES siting and sizing of the alternatives is given 
in Table I. Since the MC-CBA framework is output-based, 
for the sake of brevity only the data required by the 
assessment is reported in the paper. The alternative labeled 
A_1 is the baseline scenario, hence no DES devices are 
involved in. In addition, in Table II the PM of the alternative 
is shown. The values in Table II are obtained from data 
provided as output by the multi-objective planning 
optimization process which devised the alternatives. 
Therefore, the values are based on simulating the scenario 
related to each alternative for the whole planning period, as 
described in IV.B. 

TABLE I. TOPOLOGICAL INFORMATION ON DES 

Option DES bus DES power rate 
[kW] 

DES energy size 
[kWh] 

A_1 No DES 0 0 
A_2 7 100 100 
A_3 14 200 400 
A_4 16 100 100 
A_5 14 100 100 

E. Local and global weights of criteria  
MCA requires to define a numerical weight for each 

criterion according to their relevance for the DM or 
stakeholders. The economic branch has in its lower level a 
unique criterion, the local weight of the NPV criterion is 

equal to 1. The smart grid deployment merit branch is divided 
into 3 sub-branches. According to JRC recommendation, 
criteria belonging to the same level of the hierarchy have the 
same weight; therefore, the PCs are equally relevant: their 
local weight is 1/3. Furthermore, the local weight of KPI1A 
and KPI3A is 1, whereas the local weight of each KPI related 
to PC2 is equal to 0.25. By considering an equal relevance of 
the two branches, the hierarchical tree has been evaluated 
according to the hierarchical composition principle; the 
resulting global weights of the terminal criteria are shown in 
Table III.  

TABLE III. GLOBAL WEIGHTS OF TERMINAL CRITERIA 

Terminal criterion Global weight 
NPV 0.5 
KPI1A 0.16667 
KPI2A 0.04167 
KPI2B 0.04167 
KPI2C 0.04167 
KPI2D 0.04167 
KPI3A 0.16667 

V. RESULTS AND DISCUSSION 
The result obtained by means of the MC-CBA is shown 

in Table IV. The alternative which achieves the highest 
overall score is the A_5; therefore, A_5 is the best option 
according to the MC-CBA assessment made by considering 
the criteria relevance defined in Table III. The worst 
alternative is the baseline scenario (A_1). Observing the 
partial scores on the two branches, the alternative A_5 scores 
the highest in the economic branch, while the A_4 is the best 
alternative according to the smart deployment merit 
evaluation. A_4 is the more effective in satisfying the smart 
grid criterion, however, has an economic performance lower 
than A_5, hence the latter is preferred by the overall 
evaluation. Since both alternatives provide a same sized DES 
device, the difference on the economic performance depends 
on its management which yields to a different network 
investment cost and/or reactive power exchange. A_3 is 
similar to A_5, but the DES device installed in the bus 14 has 
a bigger size and the performance on the economic criterion 
is lower. Even if A_3 installs a bigger device than A_4, the 
performances on the smart grid deployment merit branch are 
lower than A_4; hence, topology and scheduling of storage 
strongly influence the benefits that a device produces, size is 
not the only key factor that has to be considered. In Fig. 3 the 
result of a sensitive analysis made by varying the relevance 
assigned to the two branches is depicted. Accordingly to 
partial scores, the alternatives A_4 and A_5 are the only 
options identified as best option in the criteria weight range. 

 
TABLE II. PM OF THE DECISION-MAKING PROBLEM 

 

 
Option 

Economic branch Smart Grid Branch  

 NPV [k€] KPI1A [MW] KPI2A [MW] KPI2B [occ/y] KPI2C [h/y] KPI2D [pu] KPI3A [MWh]  

 A_1 0 0 0 2.026 0.837 11.48 11216.1  

 A_2 4.257 66.2 1269.2 2.017 0.751 10.68 10677.7  

 A_3 3.371 184.2 2903.9 2.017 0.751 10.68 10701.3  

 A_4 12.905 48.4 984.6 2.017 0.751 10.68 10661.3  

 A_5 88.587 38.2 574.1 2.017 0.751 10.69 10682.4  



More specifically, the breakpoint is 0.24. If the economic 
branch has a local weight lower than 0.24 (hence the smart 
grid deployment merit branch has a local weight higher than 
0.76), the best alternative according to the MC-CBA 
framework is A_4. Contrariwise, the best alternative is A_5. 

TABLE IV. OVERALL AND PARTIAL SCORES 

Option Overall 
score 

Partial score 
Economic Branch 

Partial score  
Smart Grid Branch 

A_5 0.2749 0.3204 0.2295 
A_4 0.2468 0.2387 0.2549 
A_3 0.2273 0.2072 0.2475 
A_2 0.2242 0.2072 0.2411 
A_1 0.0268 0.0265 0.0270 

VI. CONCLUSIONS 
In this paper, a MC-CBA framework for smart grid project 

assessment is presented. The proposed approach is general 
purpose since it can be used for assessing any smart grid asset 
by identifying the relevant evaluation criteria. The aim of the 
proposed MC-CBA framework is to help DMs of companies 
and government bodies in strategic planning. By identifying 
the best option and by analysing the sensitivity with respect to 
criteria weights, the DM obtains an overview of the effects 
produced by each alternative. The effectiveness of complex 
planning problem is increased since the DM is supported by a 
systematic framework which simplifies the analysis and 
rejects personal biases. The usefulness of support decision 
tools, as the presented MC-CBA framework, rises together 
with the decision-making problem dimension. As the number 
of criteria and/or alternatives increases, identifying the best 
option become extremely difficult and burdensome. 
Moreover, the presented MC-CBA framework does not 
require to convert all impacts in monetary terms, hence it is 
suitable for accounting social and technical impacts of power 
system planning without introducing any underlying bias. 

 ACKNOWLEDGMENT 
Nayeem Chowdhury has been funded from the European 

Union’s Horizon 2020 research and innovation programme 
under Grant Agreement No 676042. This work has been co-
financed by the Research Fund for the Italian Electrical 
System under the Contract Agreement between RSE S.p.A. 
and the Ministry of Economic Development in compliance 
with the Decree of March 8, 2006, and by the Fondazione di 
Sardegna (project ODIS, CUP: F72F16003170002). 

REFERENCES 
[1] F. Pilo, G. Celli, E. Ghiani, and G. G. Soma, “New electricity 

distribution network planning approaches for integrating renewable,” 
Wiley Interdiscip. Rev. Energy Environ., vol. 2, no. 2, pp. 140–157, 
Mar. 2013. 

[2] F. Ackerman and L. Heinzerling, “Pricing the Priceless: Cost-Benefit 
Analysis of Environmental Protection,” Univ. PA. Law Rev., vol. 150, 
no. 5, p. 1553, May 2002. 

[3] European Commission, “Guide to Cost-benefit Analysis of 
Investment Projects: Economic appraisal tool for Cohesion Policy 
2014-2020,” European Commission Directorate-General for Regional 
and Urban policy, 2014. 

[4] V. Giordano, I. Onyeji, G. Fulli, M. Sanchez Jimenez, and C. Filiou, 
Guidelines for conducting a cost-benefit analysis of Smart Grid 
projects. Luxembourg: Publications Office, 2012. 

[5] G. Celli, N. Chowdhury, F. Pilo, G. G. Soma, M. Troncia, and I. M. 
Gianinoni, “Multi-Criteria Analysis for decision making applied to 
active distribution network planning,” Electr. Power Syst. Res., vol. 
164, pp. 103–111, Nov. 2018. 

[6] D. Mills, L. Vlacic, and I. Lowe, “Improving electricity planning - use 
of a multicriteria decision making model,” Int. Trans. Oper. Res., vol. 
3, no. 3–4, pp. 293–304, May 1996. 

[7] P. Beria, I. Maltese, and I. Mariotti, “Multicriteria versus Cost Benefit 
Analysis: A comparative perspective in the assessment of sustainable 
mobility,” Eur. Transp. Res. Rev., vol. 4, no. 3, pp. 137–152, Sep. 
2012. 

[8] J. A. Annema, N. Mouter, and J. Razaei, “Cost-benefit analysis 
(CBA), or multi-criteria decision-making (MCDM) or both: 
Politicians’ perspective in transport policy appraisal,” Transp. Res. 
Procedia, vol. 10, pp. 788–797, Jan. 2015. 

[9] E. Commission, “ENTSO-E Guideline for Cost Benefit Analysis of 
Grid Development Projects Version for ACER official opinion,” no. 
July 2016, 2017. 

[10] European Commission, “Smart grid: from innovation to deployment,” 
p. 13, 2011. 

[11] R. W. Boadway, “The Welfare Foundations of Cost-benefit 
Analysis,” Econ. J., vol. 84, no. 336, pp. 926–939, 1974. 

[12] J. S. Dodgson, M. Spackman, A. Pearman, and L. D. Phillips, Multi-
criteria analysis : a manual. Department for Communities and Local 
Government: London, 2009. 

[13] K. Miettinen, “Introduction to multiobjective optimization: 
Noninteractive approaches,” in Lecture Notes in Computer Science 
(including subseries Lecture Notes in Artificial Intelligence and 
Lecture Notes in Bioinformatics), vol. 5252 LNCS, Springer, Berlin, 
Heidelberg, 2008, pp. 1–26. 

[14] G. Celli, F. Pilo, G. Pisano, and G. G. Soma, “Cost-benefit analysis 
for energy storage exploitation in distribution systems,” in CIRED - 
Open Access Proceedings Journal, 2017, vol. 2017, no. 1. 

[15] E. M. Carlini and C. Gadaleta, “The 2.0 cost benefit analysis and its 
application to the National Development Plan 2017,” 2017 AEIT Int. 
Annu. Conf., pp. 1–6, 2017. 

[16] İ. Şahin and M. Bağrıyanık, “Multiple criteria decision making in 
distribution system planning,” Electr. Electron. Eng., pp. 453–457, 
Nov. 2015. 

[17] V. Giordano, S. Vitiello, and J. Vasiljevska, “Definition of an 
Assessment Framework for Projects of Common Interest in the Field 
of Smart Grids,” JRC Sci. policy reports, p. 81, 2014. 

[18] T. L. Saaty, “How to make a decision: The analytic hierarchy 
process,” Eur. J. Oper. Res., vol. 48, no. 1, pp. 9–26, Sep. 1990. 

[19] T. L. Saaty, “A scaling method for priorities in hierarchical 
structures,” J. Math. Psychol., vol. 15, no. 3, pp. 234–281, Jun. 1977. 

[20] G. Celli, F. Pilo, G. Pisano, and G. G. Soma, “Distribution energy 
storage investment prioritization with a real coded multi-objective 
Genetic Algorithm,” Electr. Power Syst. Res., vol. 163, pp. 154–163, 
2018. 

 

Fig. 3. Sensitivity analysis on the first level criteria weight 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


