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This paper presents a methodology to provide information to a decision maker on the associated impacts,
both of economic and technical nature, of possible management schemes of storage units for choosing
the best location of distributed storage devices, with a multiobjective optimisation approach based on
genetic algorithms. The methodology was applied to a case study, a known distribution network model
in which the installation of distributed storage units was tested, using lithium-ion batteries. The obtained
results show a significant influence of the charging/discharging profile of batteries on the choice of their
best location, as well as the relevance that these choices may have for the different network management
objectives, for example, for reducing network energy losses or minimising voltage deviations. Results
also show a difficult cost-effectiveness of an energy-only service, with the tested systems, both due to
capital cost and due to the efficiency of conversion.

Keywords: energy storage; power distribution networks; energy profiles; load levelling energy service;
improved genetic algorithms

1. Introduction

Electricity distribution networks presently face many challenges due to the need to integrate dis-
tributed generation, continuous load growth, increasing power quality requirements of electronic
loads and higher regional power transfers in a largely interconnected network (Ribeiro et al.
2001).

These new challenges can lead to a more complex and less secure power system operation,
especially because power plants may not be able to follow new demands as a result of economic,
environmental, technical and governmental regulation constraints (Ribeiro et al. 2001; Vitorino,
Jorge, and Neves 2013a).

In the context of a microgrid environment, distributed electric energy storage systems
(DEESS) are presented as an option to enable the optimisation of resources, by providing the
capability of effectively balancing supply and demand (EPRI 2010). However, a methodology
is needed to provide the decision maker (DM) with information on the associated impacts, both
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economic and technical, of possible DEESS management schemes, for choosing the best location
of storage devices.

This paper presents one such methodology, based on genetic algorithms (GA), taking into con-
sideration the desired operating profile of the storage units to provide a specific energy service,
using only publicly available data from the energy sector.

2. Electrical energy storage systems

New challenges arise regarding the balance between supply and demand due to the increasing
penetration of distributed renewable generation on the network. Energy storage systems (ESS)
are proposed by many authors as an opportunity to solve many problems of network capacity
and reliability (Ribeiro et al. 2001; Divya and Østergaard 2009), despite being pointed out as
unprofitable (Dufo-López and Bernal-Agustín 2015).

Previous research assessing the impact of ESS on the power system operation and economics
has been mainly focused on economic/optimal sizing. ESS has been modelled from the point
of view of cost or with a focus on the assessment of operational benefits, considering the ESS
response to power system disturbances at appropriate time scales (Divya and Østergaard 2009).

Most studies performing economic analysis of ESS considered vertically integrated utilities,
not incorporating market models to assess the benefits of ESS for the present day deregulated
market. On the other side, the majority of studies concerning the impact on power systems
usually do not refer to any particular battery type, or to any limitation of the performance
of ESS (Divya and Østergaard 2009). Nevertheless, some authors have included technology
characteristics in their models (Dufo-López and Bernal-Agustín 2015; Fossati et al. 2015).

Focusing on the economic dimension, some authors presented methodologies for evaluating
the associated costs and benefits of energy storage by analysing single specific services (Kempton
and Tomić 2005; Schoenung 2011). However, none of these studies consider the relation of an
ESS management scheme (MSch) with its associated impacts on the network performance.

Regarding operational benefits, the advantages of storage led to the idealisation of the vehicle-
to-grid concept, a long-held idea of an option to provide specific energy services to the grid
based on the batteries of connected electric vehicles (EV). Different methodologies were then
developed to analyse their contribution to the grid (Balcells and García 2010; Kristoffersen,
Capion, and Meibom 2011; Lopes, Soares, and Almeida 2011; Lassila et al. 2012). However,
the uncertainty associated with the location of EV led these authors to be primarily concerned
with this constraint (Battistelli, Baringo, and Conejo 2012). To assess the possible contribu-
tion in terms of energy exchange to the grid, Lassila et al. (2012) tested the effect of different
charging/discharging (C/D) schemes to provide specific energy services.

The majority of studies present in literature are only focused on one type of evaluation, tech-
nical or economic, and usually do not provide more than one option for a DM to choose from.
However, effective decisions over the subject will need to simultaneously consider both kinds
of objectives, and even different objectives of each kind, and should imply a multiobjective
optimisation procedure.

Recently proposed multiobjective methodologies use different strategies to obtain the most
suited daily profile of the state of charge of batteries, whose locations depend on the average
loads of network buses, minimising the energy losses in the grid, the total electricity generation
cost and the greenhouse gas emissions (Ippolito et al. 2014).

Other ESS advantages are the ability to postpone grid reinforcements, avoid short interruptions
and voltage quality problems, shave power peaks and smooth load curves (Lassila et al. 2012).
However, the economic attractiveness of storage is not guaranteed, especially due to the high
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capital cost when compared to alternative technologies. Therefore, the proposal of a feed-in
tariff scheme is justified to increase the interest of investors (Dufo-López and Bernal-Agustín
2015).

The main barrier to ESS deployment seems to be related to the existence of a large number of
conventional generators (Divya and Østergaard 2009) that can be dynamically adjusted to match
the load demand (LD), the interconnection of areas and the reluctance of network operators
to integrate resources that they do not manage (Sovacool and Hirsh 2009). To overcome these
barriers it is crucial to improve the application and benefits of this type of systems, namely
by developing operational tools to select the quantity and location of these resources, optimise
the operational cost and assess the benefits of storage during the planning phase (Divya and
Østergaard 2009; EPRI 2010).

The novelty of the proposed methodology is to combine the determination of the best location
for the storage units with the definition of the best schedule of operation when simultaneously
minimising investment costs, energy losses and voltage deviations (VD), as well as maximising
the economic benefit resulting from the energy exchange with the grid.

3. Optimisation tool

GA belong to the larger class of evolutionary algorithms, comprising a search technique that pro-
vides exact or approximate solutions, based on the evolution of organisms. GA have been widely
used for combinatorial optimisation problems in power systems, such as economic dispatch, rear-
rangement of power networks, optimal placement of capacitors or inductors and optimal power
flow analysis (Miranda, Srinivasan, and Proença 1998; Chen et al. 2013).

For the proposed methodology, the use of a multiobjective approach is justified by the pres-
ence of different conflicting objectives which prevent the achievement of an optimal solution.
The identification of the solution that better suits the DM perspective needs an explicit or implicit
definition of tradeoffs between objectives. This definition can be made ex-ante, or after the opti-
misation process. In the latter case, a set of non-dominated solutions is produced, needing further
analysis in order to achieve the desired result, but it avoids a previous non-trivial definition of
the structure of preferences of the DM.

The Non-dominated Sorting Genetic Algorithm II (NSGA-II) is an effective tool to solve com-
binatorial multiobjective problems, namely in power distribution operation and planning (Sahoo
and Prasad 2006). In the described work, the NSGA- II (Deb et al. 2002) was adapted as pro-
posed in Vitorino, Jorge, and Neves (2013b). Namely, the fixed genetic operators of conventional
NSGA-II were replaced with a dynamic adaptation of crossover (pc) and mutation (pm) proba-
bilities, according to the genetic diversity of the population. In the work described in this paper,
the dynamic probabilities’ maximum and minimum values were limited as shown in Table 1.

3.1. Optimisation objectives

Considering a 24 h time horizon, the assessment of the best locations for DEESS consists in the
identification of the buses where installed storage units would minimise network energy losses

Table 1. Dynamic data for the optimisation tool.

Designation Pmmin Pmmax Pcmin Pcmax Bmin Bmax

Value 3 25 50 100 0 100
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(NEL), network voltage quadratic mean deviation (NVqmd) and network storage annualised cost
(NSAC), when maximising the benefit associated with the daily purchase and sale of energy in
different time periods, hereinafter designated as network energy rate benefit (NERB).

The NEL objective function, described in Equation (1), is the sum of the network power losses
(PL) in all the n branches of the medium voltage (MV) distribution network. The elementary time
interval is a quarter-hour (tj = 0.25 h) so the data set has 96 values (m = 96).

min.NEL =
n∑

i=1

m∑
j=1

PLij

tj
. (1)

The NVqmd objective function, described in Equation (2), is the maximum daily network
voltage quadratic mean deviation (NVqmd) for all individual VD in the N network buses.

min.NVqmd = Max

√∑N
k=1 VDk

2

N
. (2)

The NSAC objective function, described in Equation (3), considers the cost for installing x
units of DEESS with an individual capital cost (Cac).

min.NSAC = x × Cac. (3)

Cac is calculated considering the global capital costs (cc) and the capital recovery factor (CRF)
as presented in equation (4), where d is the dimensionless discount rate and y the expected life
of the equipment, measured in years;

Cac = ccCRF = cc
d(1 + d)y

(1 + d)y − 1
. (4)

The NERB objective function, described in Equation (5), considers the energy tariff (C) and
the required energy (E) to charge (ch) and discharge (dch) in one day.

max.NERB =
m∑

j=1

(Edch × Cdch − Ech × Cch)j. (5)

4. Model explanation

The proposed methodology consists on finding the Pareto front for each scenario, feeding the
optimisation tool with the network, technology characterisation and service definition data,
which produces the best possible DEESS locations, as presented in Figure 1.

The service definition block is where the desired goal to be assessed is specified through man-
agement schemes. In the present paper the authors tested three plausible goals for ESS which are
presented in Section 4.3.

The technology characterisation block defines the technical characteristics of the considered
ESS (battery plus power converter (PC)), since solutions depend on the considered technology
and its working limits. This block provides information about the working periods for the MSch
(C/D profile) in the DE ESS working profile block and the capacity limits used in the optimisation
process, namely in the power flow analysis performed inside the genetic search block.

The network characterisation block defines the daily demand diagram of the distribution sub-
station and the active and passive elements of the electricity grid. In this step it is necessary to
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Figure 1. Proposed methodology for DEESS assessment using an optimisation algorithm.

characterise the entire network, describing cables, buses and interconnections. The information
is compiled in data matrixes loaded in the Matlab software, which are used by the Matpower
toolbox for power flow analysis, thus allowing the study of any type of grid.

The DEESS working profile block, presented in Figure 1, represents an intermediate stage for
the MSch definition of the considered ESS. Therefore, it combines the management goals of the
DM, registered in the Service definition step, and the technical limits of the considered ESS.

All the possible solutions are presented in the Pareto optimal front as a result of the optimi-
sation tool process. The final preferred solution must be chosen by the DM considering its own
perception and assumed tradeoffs between objectives.

4.1. Model constraints

The operation of ESS is constrained by the individual capacities of each storage unit which was
specified considering the required voltage for the power inverter, a power limit which considers
the minimum values of the bus capacities in the case study, and the physical limit of each indi-
vidual storage solution for a maximum volume of 1 m3, specified in order to be easily installed
within a typical distribution transformer (DT) station (EDP Distribuiçao 2004). For the specific
case study, a power limit of 4.35 kW was chosen, resulting in the exclusion of five buses with
lower capacities.

4.2. Proposal of a pricing scheme for the energy storage service

In the course of methodology development it became evident that buying and selling energy
in different periods using the wholesale market rates, for battery charging and discharging
operations, did not return a significant income.

The energy storage business model is less simple to assess than the renewable electricity gen-
eration business model. In fact, in this latter case, primary energy is costless, whereas in a storage
business promoted by an independent operator (either the distribution system operator (DSO) or
a private investor) the energy to be delivered has to be purchased.

As in any business, there must be a way of integrating into the selling price the value added
by the intervention of the economic agent at stake. The authors considered, for this purpose, a
thoroughly used approach in the renewable electricity generation business, the feed-in tariffs. In
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Figure 2. Comparison between prices paid to SRP and the reference price for the regulated market, using Portugal as
an example (ERSE 2013).

the context of the case study, revenues of ESS are considered in an equal footing with those of a
special regime producer (SRP), Portuguese designation for non-conventional energy producers.

However, to enable private investment in this process, legislation must be adapted to include
storage as a target to support.

SRP prices for the period between 2000 and 2012 in Portugal are presented in Figure 2.
In the paper an average SRP surplus (on top of the wholesale market price) feed-in tariff of
28.14 e/MWh was used, as it corresponds to the same year of the case-study data on energy
consumption.

4.3. ESS service definition

The impact of a particular ESS management scheme on the power grid may be assessed through
the effect it causes on load diagrams. The present paper considers energy and power services,
aiming at levelling out the disparities between occurrences of abundant renewable production
and concentrations of LD.

The current case study considers three possible MSch goals that are more frequently
mentioned in the literature:

(1) MSch 1 – To maximise profit from daily energy spot market rates;
(2) MSch 2 – To minimise daily energy distribution network losses;
(3) MSch 3 – To maximise profit from wind generation.

These MSch establish three possible C/D profiles to be evaluated in terms of return on invest-
ment, network losses, VD and net benefit of energy buying and selling operations in different
time periods.

In MSch 1 and 2, charging periods were established to use the periods of lowest rates and mini-
mum network PL, while the discharging periods were defined for the highest rates and maximum
PL. The duration of the C/D periods were based on technical limitations presented by the ESS
manufacturers, namely a 3-h charge and 1-h discharge, the ON/OFF transition for the battery
being assumed to be instantaneous.

For MSch 3, a previous comparative analysis was made between the daily normalised load
diagram and the daily normalised diagram of wind energy production, in order to control the
amount of renewable energy supplied to the grid.

The assumptions made regarding the definition of the types of services to be provided by the
DEESS and its associated working profile are tied to the previously assumed pricing scheme.
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Figure 3. Comparison between normalised distribution grid LD, wind energy production and retail market prices in
Portugal of 10 May 2008.

Figure 4. C/D profiles for the three considered schemes.

As Figure 3 clearly shows, there is a lack of correlation between market prices and renewable
generation. Since most of the energy sector players react to price stimuli, this lack of correlation
may lead to very critical grid management situations depending on the substation geographical
location or on the specific day chosen. This phenomenon indicates that it may be advantageous
to use a local price scheme, more adapted to the cost of supply near consumption.

The use of energy market rates not correlated to consumption may lead to the use of DEESS
strictly for economic purposes, taking the most out of price differences occurring during the
day for defining C/D cycles time and duration, irrespective of the actual physical operating
conditions of the network. This will cause management inadequacy and overall network opera-
tion inefficiency. Moreover, under these conditions, as the technical DEESS benefits will not be
exploited, network operators will continue being reluctant to the integration of DEESS into the
grid infrastructure (Divya and Østergaard 2009).

The resulting C/D profile for each MSch in the case study is presented in Figure 4, as an
example and was converted into a C/D matrix to be used in the optimisation process.

4.4. Network Characterisation

The case study made use of the IEEE 69 bus three-phase balanced 12.66 kV RDS as a frequently
used test network (Sahoo and Prasad 2006; Vitorino, Jorge, and Neves 2013b). The network
includes an 8 MVA substation and 69 nodes, 48 being load-points (DTs) with a total power of
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Figure 5. 12.66 kV radial distribution systems (Sahoo and Prasad 2006).

4.66 MVA (peak period) of which 3.8 MW is active power and 2.69 MVAr is reactive power.
The network in its radial configuration had all the boundary tie-switches in the open position.

As shown in Figure 5, the proposed RDS included 48 DTs which are considered as possible
locations for the installation of the ESS units.

In order to simulate the evolution of the load, the authors used data resulting from a measure-
ment held by the Portuguese DSO on 10 May 2008, at a distribution substation located in the city
of Leiria that supplies the parish of Marrazes. The energy retail market prices used in this study
were extracted from the derivatives exchange MIBEL database (OMIP 2013) for the same day.
A visual representation of this data is presented in Figure 3.

4.5. ESS characterisation

The data used in simulations to characterise ESS units were obtained from manufacturers of
lithium ion battery technologies. The selected system consists on a lithium-ion phosphate battery
(TS-LFP40AHA) and its recommended PC. The battery and PC characteristics are presented
in Thunder Sky (2007) and Marra et al. (2012), respectively, and were used to estimate a total
consumed energy of 146 Wh/cell. However, the manufacturer recommends a maximum depth
of discharge of 80% of the battery capacity, leading to a final available energy of roughly 117
Wh/cell. Using the manufacturer’s data, the 1CA (Cranking amperes) discharging profile was
chosen, corresponding to a discharging current of 38.4 A, with 2.5 V/cell, or a discharging power
of 96 W/cell (Thunder Sky 2007). The proposed solution requires a volume of 0.1 m3 for the
installation of the battery systems (a battery pack of 100 cells) without PC. Such volume can be
easily accommodated in most DT facilities (EDP Distribuiçao 2004).

The efficiency of PC has been improving, with several manufacturers claiming values around
90% (Marra et al. 2012; NEC 2013; Systems 2013). Assuming the combined efficiency is
expected to increase, the authors decided to test the methodology using just the battery efficiency
of 82.10% as global efficiency of the system. For the sake of simplicity, the authors assumed only
one C/D cycle per day and the pre-defined ESS capacity.

Considering the maximum required discharging capacity and the reference prices for ESS
and PC in (Vasconcelos et al. 2012) and (Schoenung 2011), the capital cost was calculated
in 6 336.00e, namely 2 534.40e for the PC and 3 801.60e for the storage unit. Assuming
an interest rate of 8% and a lifetime of five years, the resulting annualised capital cost was
1586.89e.
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4.6. Results and discussion

In order to simplify the analysis, results were organised in graphics as presented in Figure 6.
The reference values of losses and VD were obtained by analysing the system without energy
storage, resulting in an NEL of 5 529.08 kWh and an NVqmv of 0.0684 pu. The results were
obtained using a GA with a population of possible solutions composed by 150 individuals, and a
maximum number of 100 generations, assuring convergence.

The reduced impact was due to the limited capacity, resulting in a reduced energy exchange
between DEESS and the network, as well as in the efficiency of the system.

Results also show that the impact range of the admissible solutions depends on the consid-
ered goals for the MSch. Although the three considered schemes resulted in a positive NEL net
benefit, each Pareto front has a different impact range on the optimisation objectives.

As shown in Table 2, storage can have a net positive influence reducing energy losses for
identical daily periods, but the results of the current case study are quite small.
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Figure 6. 3D representation results for NEL, NVqmd, NERB.

Table 2. Impact range of the admissible solutions for the three scenarios.

NEL NVqmd NSAC NERB

Min. Max. Min. Max. Min. Max. Min. Max.

MSch 1 5521.00 5524.00 0.1010 0.1010 19043.00 55541.00 2.00 6.00
Original value 5529 0.068 – –
Variation (%) 99.85 99.91 147.57 147.57 – – – –
Periods – – Charging Discharging – – – –
Daily variation – – 0.00172 pu –0.00455 pu – – – –
MSch 2 5511.00 5520.00 0.0940 0.0980 22216.00 66649.00 2.00 6.00
Original value 5529 0.068 – –
Variation 99.67% 99.84% 137.34% 143.19% – – – –
Periods – – Charging Discharging – – – –
Daily variation – – 0.001885 pu − 0.00519 pu – – – –
MSch 3 5524.00 5526.00 0.0950 0.0990 15869.00 63476.00 1.00 6.00
Original value 5529 0.068 – –
Variation (%) 99.91 99.94 138.81 144.65 – – – –
Periods – – Charging Discharging – – – –
Daily variation – – 0.00169 pu − 0.00442 pu – – – –
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Figure 7. 2D representation results for NEL, NSAC.

Table 3. Comparison results for MSch 1 and 3 with 5524 kWh NEL result.

Bus
N.°

MSch
1

MSch
3

Bus
N.°

MSch
1

MSch
3

Bus
N.°

MSch
1

MSch
3

Bus
N.°

MSch
1

MSch
3

Bus
N.°

MSch
1

MSch
3

6 0 0 17 0 1 33 0 0 48 0 0 62 1 1
7 0 0 18 1 1 34 0 0 49 0 0 64 1 0
8 0 1 20 1 1 35 0 0 50 0 0 65 0 1
9 1 0 21 0 1 37 0 0 51 0 1 66 0 0
10 0 1 22 1 0 39 0 1 52 0 0 67 0 0
11 0 1 24 0 1 40 0 0 53 0 0 68 1 0
12 1 0 26 1 1 41 0 1 54 0 0 69 0 1
13 0 1 27 0 0 43 0 0 55 0 1
14 0 1 28 0 0 45 1 1 59 1 1
16 0 1 29 0 0 46 0 0 61 1 1

Regarding VD, the existence of the proposed storage reduced deviations in approximately 5%,
corresponding to a difference of 0.005 pu in at least one bus voltage.

In Figure 7, an analysis of the two-dimensional plan shows that for similar NSAC, differ-
ent NEL could be obtained, depending on the management scheme. As expected, MSch 2,
representing the goal of reducing energy losses, presented the best results for this objective.

Considering the results obtained for MSch 1 and 3, the authors found that for solutions with
similar NEL results of 5 524.0 kWh, only 7 out of 48 buses were identical, as presented and
marked in bold in Table 3. These results show that predefining the admissible buses for DEESS
installation and capacity optimisation, as performed by some authors (Ippolito et al. 2014; Fossati
et al. 2015), may present some limitations, as different buses may present different advantages
for different energy services.

The choice of the solution of interest among the set of non-dominated solutions of Pareto front
will require an analysis by the DM. As an example, a line can be drawn as shown in Figure 7,
with a constant NSAC, representing the maximum admissible investment level to be considered.
The intersection of that line with a bi-dimensional Pareto front represents a possible attractive
solution from the point of view of the DM. The corresponding location for the storage units can
then be represented on the network topology scheme, as presented in Figure 8.
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Figure 8. Location set for DEESS installation considering the three management schemes.

Figure 9. MSch 2 non-dominated solutions impact on the SE LD.

For the specific DM preferences used in the example, repeated DEESS locations were obtained
for different management schemes, namely in nodes 8, 9, 11, 12, 13, 22, 24, 26, 27, 28, 37, 54,
61, 62, 64 and 66. This behaviour pattern reveals the most critical nodes in the network in which
storage obtains the best results according to the stated preferences.

Considering the economic perspective, the obtained results in MSch 1 are not economically
appealing since the highest results only achieve around 7e/day, roughly 2555e/year, for a total
estimated annualised cost of 55 541e.

Even with a surplus feed-in tariff, the efficiency of storage devices and the limited use of
power resulting from a limited number of C/D cycles is the cause of a not sufficiently attractive
income, showing that significant efficiency improvements are highly desirable if the operational
advantages of DEESS are to be matched to a real business opportunity.

Considering the total network capacity impact, the case-study results show that DEESS may
reduce roughly by an average of 393 kVA (8.4%) when discharging, only increasing LD by 3.2%
when charging the batteries. Figure 9 shows the influence of DEESS in the daily diagram for all
the non-dominated solutions of MSch2.

Even without economic attractiveness for simply buying and selling energy, results show how
important DEESS may prove to be for a network, providing power services which can be paid
for. An example may be the possibility of replacing at least part of the existing conventional
generators which are being used simply as backup generators.



588
J.A

.R
ibeiro

G
onçalves

etal.

Table 4. Sensitivity analysis applied to objective function NERB.

Feed-in tariff MSch 1–NERB MSch 2–NERB MSch 3–NERB

N.° (e) Variation (%) Daily (e) Variation (%) Annual (e) Daily (e) Variation (%) Annual (e) Daily (e) Variation (%) Annual (e)

1 28.14 0 5.3 0 1 939.8 6.4 0 2 342.4 5.5 0 2 013.0
2 38.14 36 7.8 47 2 854.8 10.0 56 3 660.0 9.0 64 3 294.0
3 48.14 71 10.3 94 3 769.8 13.5 111 4 941.0 12.6 129 4 611.6
4 58.14 107 12.8 142 4 684.8 17.1 167 6 258.6 16.1 193 5 892.6
5 68.14 142 15.3 189 5 599.8 20.6 222 7 539.6 19.7 258 7 210.2
6 78.14 178 17.8 236 6 514.8 24.2 278 8 857.2 23.2 322 8 491.2
7 88.14 213 20.3 283 7 429.8 27.7 333 10 138.2 26.8 387 9 808.8
8 501.1 1681 123.4 2228 45 164.4 174.4 2625 63 830.4 173.5 3055 63 501.0
9 522.9 1758 128.8 2330 47 140.8 182.2 2747 66 685.2 181.2 3195 66 319.2
10 614.8 2085 151.8 2764 55 558.8 214.8 3256 78 616.8 213.8 3787 78 250.8
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4.7. Sensitivity analysis

Using the optimisation process results as reference, several feed-in tariffs were simulated to
verify the associated NERB and also to make a preliminary assessment of the values required for
obtaining a positive net benefit of deploying DEESS.

From the non-dominated solutions associated to each MSch, the authors chose the solutions
with the highest NERB, one with 26 batteries, regarding MSch 1 and others with 37 batteries
under MSch 2 and 3.

A sensitivity analysis was performed, testing variations on the surplus feed-in tariff. Results
are presented in Table 4, showing that the relative variation of the tariff is likely to produce an
even higher impact on the benefits. As an example, for a 36% variation of the surplus feed-in
tariff, the NERB increased by 47%, 56% and 64%, depending on the MSch being 1, 2 or 3,
respectively. However, DEESS only presents a net positive economic result if the surplus feed-in
tariff increases to approximately 614.8e/MWh, 522.9e/MWh and 501.1e for MSch 1, 2 and 3,
respectively. Such values are approximately 17–21 times the surplus feed-in tariff used in the
year 2008.

Even considering a hypothetical efficiency of 100%, DEESS would need a surplus feed-in
tariff between 14 and 17 times the one currently used.

These results show that DEESS can only become attractive if the economic benefit results
from more than just energy purchasing and selling. Future viability will also have to include
power demand services besides energy service, taking profit of its fast response capability to
network requests of power demand.

5. Conclusions

This paper presents a methodology to provide the DM with information on the impacts, both
economic and technical, of possible management schemes of ESS, to allow the choice of the
best location for distributed storage devices.

The obtained results show that the best DEESS location depends on the energy service to be
provided, showing that the pre-definition of locations may disregard options that would perform
better towards a defined goal.

Except for PL and VD, the chosen objectives are not correlated, making the use of a multiob-
jective GA a suitable choice for this problem. The consequence is that, instead of being presented
with an ‘optimal solution’, the DM will have to choose the preferred solution from the highest
quality set of non-dominated solutions presented by the search tool, assuming tradeoffs between
the objectives.

The presented work also discussed the possibility of providing a regulatory framework that
may stimulate the existence of market players intending to invest on energy storage. One possible
solution may be the use of a feed-in tariff scheme.

Results show that a higher technological efficiency of DEESS devices is very important to
achieve positive economic benefits. Even with the possible future use of a suitable feed-in tar-
iff, DEESS feasibility may depend of combining energy, power and environmental services for
increasing its economic attractiveness.
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