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ABSTRACT 

This paper analyzes the impact of battery storage in 
power distribution networks. It evaluates in particular the 
savings in network reinforcements for using storage in 
the low voltage side of MV/LV transformer substations, in 
order to reduce their peak load. The sensitivity analysis 
comprises three realistic large-scale networks in different 
distribution areas (urban, semi-urban and rural), three 
demand growth ratios and six battery capacities. The 
impact is assessed using network reference models, 
calculating for a given scenario the reinforcements 
required in an incremental scenario. The analysis shows 
that significant savings can be obtained, especially in 
urban areas. 

INTRODUCTION 

Traditionally the need for an instantaneous demand-
generation balance has been one of the major constraints 
of electrical systems. Many auxiliary systems have to be 
tuned in order to achieve this balance. Electric power 
installations are sized for the peak scenario, however they 
are underutilized most of the time. Battery storage 
devices could eventually be useful for improving this 
situation. Nowadays their cost is too high and their life 
cycle is too low compared to traditional reinforcement 
alternatives, so they are not often considered as an 
alternative.  

In the state of the art, storage is frequently considered to 
mitigate the impact of distributed renewable generation. 
Alam et al. proposed a control strategy to better match 
the PV generation and load profile [1]. Karandi et al. 
analyzed the optimization of the location and sizing of 
battery energy storage for integrating renewable energy 
sources in IEEE 13 and 34 test bus networks [2]. They 
used a loss sensitivity index for selecting the optimal 
location and particle swarm optimization for sizing the 
storage. Their objective was the minimization of energy 
losses.  

Storage can also be considered as an alternative for 
voltage control. Matthew et Al. analyzed the use of 
battery storage for regulating network voltage, with 
different control strategies, in a rural network of 93 
customers [3]. They compared three control strategies 
and demonstrated that with more penetration of 
distributed storage integrated into the network, voltage 
profiles can be improved. Moneta et al. described an 
algorithm for increasing the hosting capacity of the 
networks by means of voltage control [4].  

Zhargami et al. analyzed applications of storage for the 
distribution systems [5]. They considered a wide range of 
applications for storage in general, and for battery storage 
in particular. One of the key applications is peak load 
shaving. The objective of this application is to shift the 
peak demand to  the valley hours. This has benefits not 
only for the distribution network, but also in terms of 
electricity market prices. Zhao et al. analyzed the use of 
electric vehicles as distributed battery storage to relieve 
the increasing stress in distribution networks [6]. They 
showed the benefits in terms of relieving current and 
voltage constraints, as the typical problems caused by an 
increase of load. They also highlighted the need of 
carrying out an evaluation of large scale systems. 
Koeppel et al. analyzed the use of storage in the 
distribution networks, as an alternative to reduce network 
reinforcements [7]. They highlighted the need of having 
very low failure rates in the storage, being this a complex 
requirement for a technology not yet mature. They also 
highlighted that it is easier the installation of storage in a 
building, compared to the installation of additional lines, 
which require negotiations for digging the streets. 

This paper presents an evaluation of distributed storage 
devices in large-scale distribution networks, in particular 
for reducing the peak load at the medium to low voltage 
transformer substation. This paper is structured as 
follows. First, the methodology is presented, briefly 
describing the Reference Network Models used. Then, 
the scenarios are presented, followed by the simulation 
results and finally summarizing the conclusions. 
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METHODOLOGY 

In this section the methodology is described and the 
models are introduced. The analyses have been carried 
out using Reference Network Models (RNMs) [8]. RNMs 
are large-scale planning model used in incentive 
regulation to estimate the efficient costs required for 
building the distribution networks.  

Introduction to the Reference Network Models 
 
Two versions of the models that have been used: i) 
greenfield and ii) brownfield. The greenfield builds the 
network from scratch and is used to model the initial 
network. The brownfield expands the network in order to 
accommodate additional demand or new distributed 
energy resources. The brownfield version is used to 
estimate which are the reinforcements required in future 
scenarios. These models have already been used to model 
the impact of distributed generation and electric vehicles 
[9], [10]. 

Both RNMs are organized in four layers, which account 
for different levels of information: (i) The logical layer, 
(ii) the topological layer, (iii) the electrical layer and (iv) 
the continuity of supply layer. Each layer comprises both 
data and algorithms. 

The logical layer includes the concept of graph, nodes 
and branches, for modeling a network. It only considers 
connection at a logical level, without including node 
coordinates or electrical parameters. The topological 
layer incorporates the coordinates and algorithms for 
obtaining the best path for a new distribution line, 
considering forbidden ways through (such as lakes or 
nature reserves) and a street map which is automatically 
calculated considering the input location of customers. 
The electrical layer incorporates all the electrical 
parameters such as bus voltages, resistances and 
reactances of the equipment. It includes power flows 
algorithms (backward forward method for radial network, 
and Gauss-Seidel and Newton-Raphson for meshed 
networks). It also incorporates planning algorithms for 
determining the location of transformer substations and 
branch-exchange methods for planning the network [11]. 
Finally the continuity of supply layer includes protective 
equipment as well as the planning algorithms for 
achieving the ASIDI and ASIFI targets. 

Regarding the information required by the RNMs, the 
most critical data are the location and power of every 
single customer and distributed energy resource (DER). 
As daily profiles have been considered in this analysis it 
also has to be specified for every single element, the 
active and reactive power either consumed or injected 
into the network at each hour. With this information, the 
models plan the network for connecting these customers 
and DERs to the transmission substations. 

Methodology 

The methodology is summarized in Fig. 1. For each 
distribution network, the first step is to identify the 
location of customers and DERs and use this information 
in the Greenfield RNM whose output is a model of the 
initial network. The next step is to define the scenarios to 
be analyzed, detailed in the next section. They include 
three distribution areas, six capacity values of battery 
storage and three possible levels of demand growth. In 
particular in this analysis it is necessary to locate the 
storage and the daily profile of the storage to reduce the 
peak load at the MV/LV transformer substations. Then, 
the initial networks are expanded to connect the 
additional resources, through the brownfield model. 
Finally the costs are assessed using the standardized 
equipment library. Resulting costs are broken down in 
MV/LV transformer substations and medium voltage 
feeders. 

Figure 1.  Methodology for storage assessment 

SCENARIOS AND CASE STUDIES 

This section describes the scenarios and case studies used 
to assess the value of storage. First the scenarios are 
described. Then the distribution areas are presented, 
followed by the demand growth ratios and the storage 
capacity values. 

Set of scenarios 

The analysis has been systematically carried out in a set 
of scenarios. They comprise: 

• Three case studies corresponding to three distribution 
areas: rural, semi-urban and urban areas. 

• Six capacities of the battery storage: 0, 10, 20, 40, 70, 
100 and 200kWh. 

• Three scenarios of annual demand growth: 2%, 2.5% 
and 3% for ten years. 

In the simulations, the storage was managed for reducing 
the load of existing transformer substations. Therefore it 
is reduced the low voltage demand, which does not 
coincide with the medium voltage demand.
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Fig 2 shows the aggregated initial and incremental 
demand for residential customer and industrial customers. 
As it is shown in this figure, different profiles have been 
used for the residential and industrial customers, based on 
standard profiles publicly available by the Spanish 
National Energy Commission [12]. The profile of the 
storage is also shown in this figure, designed to reduce 
the peak of the aggregated low voltage load. 

 

 
Figure 2.  24 Hour Profiles 

Distribution areas 

The three distribution areas are characterized in table 1, 
in terms of the number of substations (1-3), the number 
of MV/LV transformer substations (52-443) and the 
number of supply points (14.000-133.000). This data 
clearly shows that the networks being analyzed are large-
scale. 

 Table 1. Distribution areas 

Demand growth 
The scenario after ten years has been considered. Annual 
demand growths of 2%, 2.5% and 3% have been 
considered, which accumulated during ten years, imply a 
demand increase of 21%, 28% and 34%. Figure 2 shows 
comparatively the initial an incremental demand during 
the full day, for the scenario of 3% annual increment 
accumulated during 10 years. It is important to consider 

an incremental demand, which otherwise would require 
more network reinforcements, to evaluate what are the 
savings that could be obtained in a scenario which 
integrates this demand by using storage devices. 

Storage capacity 
The sensitivity to the storage capacity has also been 
considered, starting with a scenario with no storage, and 
considering scenarios with storage devices ranging from 
10kWh to 200kWh. A 80% energy efficiency is assumed 
for the batteries. The power required of his storage has 
been evaluated by the model. Figure 3 shows that as we 
increase the energy of the storage equipment, the power 
required increases in a lower rate. 

 
Figure 3.  Number and storage size per transformer 
substation in the urban area 

SIMULATION RESULTS 

The results of the simulations are summarized in table 2. 
This table shows the sensitivity to the demand increase, 
with scenarios of annual increase of 2%, 2.5% and 3%. 
Also the capacity of the storage ranges from 0-10kWh up 
to 200kWh. The three networks (rural, semi-urban and 
urban) have been considered. For each scenario the RNM 
is used to obtain which would be the distribution network 
cost in terms of investment and maintenance of MV/LV 
transformer substations and MV network. By evaluating 
the difference between the scenario without storage we 
obtain the savings in investments and in maintenance. 

Savings would be especially significant in urban and 
semi-urban areas. In rural areas, the disperse nature of the 
loads makes the savings less relevant. 

For the urban case in the 2% annual increase scenario 
Table 3 shows the investments in the MV/LV 
transformers and in the MV network, expressed as a 
percentage of the cost of the initial network. When the 
batteries are installed in the transformer substations, the 
investments and the savings are larger in the transformer 
substations rather than in the medium voltage network. 
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Table 2. Simulation savings in investment and 
maintenance in Euros. 
 

Urban 

Storage capacity (kWh)  ΔAnnualDem=2% 

MV/LV  MV 

0  31,7%  5,9% 

10  29,6%  5,8% 

20  28,8%  5,2% 

40  25,0%  4,1% 

70  20,8%  4,0% 

100  16,9%  3,9% 

200  9,2%  3,3% 

Table 3. Investments in the urban case with a 2% annual 
growth. 
 
The total cost for each scenario clearly depends on the 
demand increase. There are more reinforcements for the 
3% annual increase than for the 2% annual increase. 
 

 
Figure 4.  Investments in MV/LV transformer 
substations in the urban area 
 
The savings due to the storage are the difference between 
the cost of the scenario without storage and the cost with 

the scenario with storage. The savings in the three 
demand growth scenarios are shown in Fig. 5. They 
decrease in a very similar way. It can be concluded that 
the savings are more or less independent of the demand 
growth, as long as the demand increase is higher than the 
power supplied by the storage. The savings in MV/LV 
transformers in the urban area are around 20-25% for a 
battery storage of 200kWh. 
 

 
 
Figure 5  Savings in MV/LV transformer substations in 
the urban area 

CONCLUSIONS 

Nowadays batteries are not economically viable for 
decreasing the peak of MV/LV transformer substations, 
due to their cost and number of years of useful life. 
However, this technology is quickly improving, and in a 
medium term they can turn to be an interesting alternative 
to solve power system issues. Especially the potential 
development of electrical vehicles could foster this 
technology, and in this case second life batteries could 
turn to be an interesting option. 
According to the results in this paper the benefits are 
more relevant in urban areas compared to semi-urban and 
rural areas. When the batteries are installed in the 
transformer substations, the savings are larger in the 
transformer substations than in the medium voltage 
network. This is especially the case when the peaks of the 
low and medium voltage consumers do not occur at the 
same instant. 
As future research, we are working on a cost-benefit 
analysis to determine the target cost of batteries to be 
economically profitable. 
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