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Abstract

With the increased integration of renewable energy sources the interaction between energy producers and
consumers has become a bi-directional exchange. Therefore, the electrical grid must be adapted into a
smart grid which would effectively regulate this two-way interaction. With the aid of simulation stake-
holders can obtain information on how to properly develop and control the smart grid. In this paper,
we present the development of an integrated smart grid simulation model is developed using the Anylogic
simulation environment. Among the elements which are included in the simulation are houses connected to
a renewable energy source, and batteries as storage devices. With the use of the aforementioned elements a
neighbourhood model can be constructed and simulated under multiple scenarios and configurations. The
developed simulation environment is able to give users better insight into the effects of running different
configurations in their houses as well as allow developers to study the inter-exchange of energy between
elements in a smart city on multiple levels.
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1 Introduction

Over the last decades, there has been an increase in the availability and affordability
of renewable energy sources in households, such as wind mills and, primarily, solar
panels. In addition, the capacity of electricity storage devices has risen considerably.
As a consequence, this renewable energy production will make up a large portion
of the energy in the electrical grid system. The traditional electrical grid needs to
be upgraded into a smart grid system, which is able to effectively and efficiently
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regulate the interaction between the various devices on the grid. The electrical
energy can flow to, or from, the main grid, depending on the time of the day,
weather condition and electricity prices. The algorithms which control different
functions in a smart grid are complex and need to be studied through simulation
before actual implementation to ensure proper operation in all scenarios.

In this paper we present a simulation model which describes the various elements
within a smart grid such as user-demand, centralized and decentralized energy pro-
duction, storage elements, etc. The final overall model simulates a smart grid at
neighbourhood level involving several houses with a set of typical smart grid sce-
narios. Each house can be fitted with solar panels, a battery and its individual
demand profile. The model gives insight in how the energy flows within a house
and the neighbourhood, and thus can help in smart grid design. Furthermore, due
to the modular set-up of the model, the simulation model can be easily extended
to incorporate other devices and scenarios.

The Anylogic software is used in designing the simulation model. The simula-
tion methods supported are system dynamics, agent-based and discrete event. The
programming and setup is done using graphical components along with code based
on the JAVA language. The software used is flexible and allows for the implemen-
tation of the multiple simulation methods within the model. For the inner workings
of the model system dynamics is used as it effectively describe the flow of energy
throughout the various components. Each component is then represented as an
agent which then allows them to interact and exchange data with each other, this
is done using the agent-based approach within the program.

The rest of this paper is structured as follows. Section 2 describes the func-
tionality of the different model components. In Section 3 some results of various
simulations are given. In Section 4 a short overview of related work is given. Finally,
we conclude in Section 5.

2 Model components

A smart neighbourhood consists of a number of connected smart houses. Each
such house will be built up out of several components which will have configurable
parameters to make each house have its own characteristic behaviour. In Figure 1
the overall model of an individual residential unit can be seen with all the designed
components connected together which are able to communicate and exchange data
through the ports found on each. In the following functionality of each component
will shortly be discussed.

2.1 House Unit

The house model is the main element which allows interaction between the other
component models. All other components are connected to the house via ports
which enable communication between them. The way which the produced and
imported power is used and stored is determined by the settings of the house. For
example, one can set that the battery is only charged by locally generated energy.
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Fig. 1. Residential Unit

2.2 Demand

In Demand the electricity demand profile of the house is defined. The profile gives
the average power drawn over a given period of time, which is dependent on the
time of day and the day of year. Standardized demand profiles can be found on
internet, for example EDSN [7] provides standard profiles for the Netherlands. With
smart meters one could measure personalized demand profiles, in order to create
fully customized simulations.

2.8 Weather

The weather module provides the necessary weather data for computing the gen-
erated renewable energy. Since the model, for now, is limited to solar panels only
irradiation data is used. However, this can easily be extended to include wind
speed data for wind generation. For locations in the Netherlands, the weather data
is readily available via the Royal Netherlands Meteorological Institute (KNMI) [6].
It provides Global Horizontal Irradiance (GHI) data, which can be used for the
computation of the generated solar energy. The GHI consists of the Direct Normal
Irradiance and Diffuse Normal Irradiance [5], and is measured over a horizontal
plane, 0 degree tilting.

2.4  Solar Panel

The solar panel converts part of the solar irradiance into electrical power [1]. The
output power is highly dependent on the position of the panel with respect to the
sun. However, to incorporate this fully it would require many input parameters
from the user. So, in order to keep the model easily configurable and limit the
involvement of the user, the relation between the GHI and the output power (P) is
given by:

P=exAxGHI,
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Fig. 2. Example of Neighbourhood model

where € is the efficiency of the solar panels and A is the area of the panels.

2.5 Battery

Battery is a component to be modelled as it is likely to be used as a storage element
in a smart grid system. The battery model should be user-friendly which means
the battery’s specification can be adjusted by the users. Many different types of
battery models have been developed for various applications over the years. There
are two crucial requirements for the battery model, one is fewer parameters which
makes the model simple and easy to configure, the other is high accuracy. In most
cases, a trade-off between the number of parameters and accuracy are exist [2]. The
battery is chosen to be modelled using the Kinetic Battery Model (KiBaM). Within
this simulation the usage algorithm depends on the availability of power from the
solar panel. The battery is used as a buffer when the panels aren’t able to deliver
sufficient power.

2.6 Pricing Module

The pricing module allows the user to keep track of the amount of money paid for
the energy used as well as the amount credited when selling energy back to the grid.
Different suppliers can be compared to show which packages are most convenient
for the user’s smart grid setup. Also, the financial data could be used to estimate
the return of investment of a future setup.

By configuring multiple houses a neighborhood can be created within the model,
as visualized in Figure 2. For each house the different modules can be uniquely
defined, to fit to the individual demand profiles and available battery capacity and
solar panels. It also possible to create multiple instances of identical houses to
create a larger population of houses. In this way, one can easily study the effect of
an increase of the penetration of solar panels on the interaction of a neighborhood
with the grid.
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3 Simulation studies

3.1 Set-up

The simulation is run on two levels, the neighbourhood and house level, to observe
the operation of the designed model. These simulation results will show how the
requirements listed are met in the designed smart grid environment. At the neigh-
bourhood level 14 residential units are simulated with the setup shown in Table 1.
The 14 residential units are build-up from 8 differently configured units, with differ-
ent solar panel size and battery capacity. For five of these configurations multiple
copies are used in the neighbourhood. The size of the household determines the
demand profile of each house. The weather profile is the same for all houses. All of
the following results are obtained by simulating one month in Spring.

Family Group House A House B
Units | Panel m2? | Battery Ah | Units | Panel m2? | Battery Ah
Single 2 7 60 3 5 50
Couple 1 9 70 1 13 65
Family, 1 Child 2 16 80 1 18 80
Family, 3 Children | 2 25 90 2 21 94
Table 1

Smart Grid Residence Setup Scenario

3.2 Neigbourhood level

At the neighbourhood level, cumulative data of all the residential units can be
gathered which allows for the study of the interaction between the neighbourhood
and the portion of the grid it is connected to. In Figure 3 the energy trade figures
for the given scenario. It shows how much energy is imported from the grid by the
whole neighbourhood, and how much of the generated energy is exported to the
grid. In the simulated period, approximately 750 kWh has been generated by the
solar panels. Nearly all of it has been used in the neighbourhood, either directly or
by storing it in the batteries.

In Figure 4 the ratio of the energy supplied by the sources and storage to the
demand can be seen. With the implementation of the above configuration approx-
imately 14% of the energy required for the neighbourhood can be supported by
renewable sources.

The user can study the relations such as the effect of an increase of the number
of solar panels on the amount of energy imported from and exported to the grid by
the neighbourhood. Thus, one can investigate to what extend the neighbourhood
could operate autonomously from the central grid.

3.3 House level

Within the same simulation run the effects on the individual houses can be studied
as well. The shown results are from a household of a family with 3 children, with
house type A. All the shown results can easily be obtained for the other household
types as well.
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On the residential level data similar to that on the top level can be viewed, such
as the distribution of the sources going to meet the demand. In addition to that
data can be gathered and displayed for the power usage profile as can be seen in
Figure 5. The usage profile shown is for a period of 24 hours. From such graphs
the switching between energy sources can be carefully studied, especially when
implementing complex control algorithms to ensure the behaviours are as expected.
Furthermore, in Figure 6 one can see the distribution on the total generated power
from the solar panels to the various elements in the system.

6



DELAMARE, BITACHON, PENG, WANG

1,600
1,400

1,200 -

1,000 4

Power (kKW

o0

&00

400

200

u] T T T T
143 150 155 160 1685

Time (hours)
— Fraom Battery = From Panels = Fram iarid — Diernand

Fig. 5. Power Supplied by Sources and Power Usage

0o
300+
700+ ! : _l
&00 !

00

Power (W)

400

300 4

200 H

100 H

0 : - . -
Foo 705 710 715 ]
Hours

= Power To Battery = Pawer b Grid = Power bo House

Fig. 6. Power distribution from panel production

Within the Pricing Module the user can keep track of the debit and credit, due
to reselling excess back to the utility companies. Figure 7 shows the hourly sales
for the chosen configuration, while in Figure 8 the total exchange over a period is
shown, in this case one month. With these data users can get estimates when using
particular energy companies. Other algorithms could be implemented which could
regulate energy use based on pricing models from the utility companies.
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4 Related Work

The Smart Grid Simulator [4] uses data regarding hourly energy consumption, en-
ergy prices, as well self-produced energy circumstances, in order to predict the
amount of energy bought for the next day, lower the cost of electricity, optimize
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the utilization of the electricity, compare assortment of prices, run a brokering al-
gorithm that dictates when energy is being bought, stored, or sold and predicting
the renewable energy production.
The simulator uses information that is acquired from Meteorological institute, Nasa
Database, and Noor Pool electricity stock market. The simulation also needs data
regarding the wind turbine and solar panel, the data regarding the storage device,
and the energy consumption of a household in a hourly basis.
The simulation was made using LabView from National Instrument, because of
its modelling properties and it is scalable. The simulation runs a money saving
algorithm that employs the available data. The algorithm determines what is the
which energy source is the

In [3], an overview is given of the features and the capability of a smart energy
city, one of which is lower energy consumption. The advantages of a smart city are
demonstrated using Anylogic. The model based on Demand Response (DR). The
author argues that the DR based system will reduce the overall energy consumption
of a city because the peak demand level can be lowered. In addition to DR the model
also employs load control to decrease the energy consumption even further. There
are two levels in the model. The first level is smart building, modelled as an agent,
the second level is the environment for the smart building agent. The first level
of the model uses price signal as the input, the price signal will then affect the
decision making process inside the house, for instance determining whether to use
the energy from the battery, or whether some appliances need to be turned off.
The main level of the model acts as the utilities company. The model assumes
that the occupants of the house signed a contract that allows the utilities company
to control a predefined load. This is done by using an algorithm that allows the
utilities company to reduce and restore energy consumption level at any given time.
The model, which has four houses, was tested using a sequence of scenarios. The
results show that the model does indeed lower the overall energy consumption level
of the houses. The results also show that demand response with an addition of load
control reduces more energy consumption.

5 Conclusion

A smart grid simulation tool has been developed which can model residential units
which have solar panels and batteries which are able to store excess energy. Differ-
ent living situations are available for the residential unit to allow for a more diverse
data set when scaling the model to neighbourhood level. The model is able to use
statistical data from local meteorological sources to represent the weather patterns
and influence the solar panel output power. With the combination of the various
elements a vast amount of data can be gathered which shows the interactions be-
tween the elements. Data can be gathered on both the financial level and the energy
level which can be useful for both consumers and researchers.

The program was developed using the Anylogic simulation software which al-
lowed for a flexible environment to implement the desired models. System dynamics
and agent-based modelling were the methods primarily used in making the models.
The agent-based approach allowed the residential units to be scalable and allow for
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multiple instances which adds diversity to the neighbourhood simulation.

The current model can be further expanded upon by incorporating other elements
such as stationary electric vehicles as well as other renewable sources. Algorithms
can be implemented to study the behaviour in different scenarios, such as pur-
chase/sell of power according to market price. Other algorithms could control the
usage of the connected battery.
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