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Abstract 

Different scheduling and coordination algorithms controlling 
household appliances’ operations can potentially lead to energy 
consumption reduction and/or load balancing in conjunction with 
different electricity pricing methods used in smart grid programs. 
In order to easily implement different algorithms and evaluate 
their efficiency against other ideas, a flexible simulation 
framework is desirable in both research and business fields. 
However, such a platform is currently lacking or 
underdeveloped. In this article Dymola simulation framework is 
focus on demand side residential energy consumption 
coordination in response to different pricing methods.  
Keywords: Smart grid, Smart home, Dymola  

1. Introduction 

The aim of this project was to develop a model of a smart 
house connected to an external grid using the Modelica 
based tool Dymola and to design control laws that control 
production and consumption on the grid using C++. The 
control structure was designed and implemented in C++ 
since the simulation in Dymola has no pre-defined 
causality which makes it difficult to do control of the 
system. By using Dymola to simulate the physical parts 
and using the imperative programming language C++ to 
make decisions, it is possible to use the strength of 
Dymola and the strength of C++. The control system 
continuously gather information from the grid such as 
power consumption, voltage level and priorities for 
different loads and acts using this information to optimize 
the energy use. The grid should in an automated fashion 
act and gather information to keep the grid operating in an 
optimal way. Apart from modelling a DC grid on 
household level a grid connecting several households 
should also be modelled. This grid connecting several 
houses will form a model over a smart cell. Control laws 
for this cell should be able to distribute electricity from 

local wind farms, solar power plants and over production 
from households in an efficient way. To model and control 
smart grids is important [1]. These grids can be used to 
distribute variable produced electricity such as wind 
power, in a more efficient way than the current electricity 
grid. Furthermore these grids can be used to reduce 
consumption peaks and improve the reliability of the grid. 
A DC grid is modelled instead of AC since the basic smart 
control aspect is still the same with a DC grid and is easier 
to model. Furthermore some researchers believe that 
future smart grids will be implemented using DC 
components and DC grids. Since many micro generating 
sources are DC in their nature, such as solar power plants, 
it will be possible to avoid transformations losses using 
DC. Also an important role in future smart grids will be 
the ability to store energy, preferable in battery equipped 
cars, and since energy storage in batteries are done in DC, 
using DC grids will further avoid transformation losses[2]. 
 
This research is limited to develop a DC model of a 
household and a medium DC voltage grid. The household 
controls an arbitrary number of loads which importance is 
determined according to their priority. Furthermore the 
household model should be able to have micro production, 
such as wind power and solar power, and a battery to be 
able to operate when the external grid fails. The model of 
the mid voltage grid has the ability to connect wind power 
plants and batteries. The storage discharged during times 
of high electricity prices and charged during times of low 
prices to deliver cheaper electricity to the end user. Also 
the battery functions acts as a temporary buffer to be used 
when the transmission network fails. All control logics are 
developed in C++ and interfaced to Dymola using C.  
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The main objective of this paper is to propose and develop 
a flexible simulation framework to study the behaviours 
and impacts of smart grid enabled household appliances. 
This proposed simulation framework should be accurate 
enough to reflect the general or average behaviours of 
traditional patterns of energy consumption. It should be 
designed to be flexible to allow expansions for other 
purposes, such as a study of the integration of renewable 
energy sources. It should be scalable to enable metro scale 
and also precise individual household simulations.  
  

2. Smart Grid Components 

The electrical grid has been cited as the greatest 
engineering achievement of the 20th century, but it now 
faces new challenges of sustainability, energy security, 
reliability, etc. Developed countries have a well-developed 
grid, and seek to improve it, while developing regions are 
still expanding their grids. Over the past decade, the 
electricity generation, transmission and distribution 
landscape around the globe has changed drastically – in 
the traditional grid of the 20th century there were 
relatively few points of power generation or injection and 
millions of points of power consumption. With rapid 
proliferation of distributed and renewable generation, the 
21st century grid will have numerous points of power 
injection as well as millions of points of consumption. 
Electric Vehicle (EV) roll out has further increased the 
complexity of the traditional electricity grid. To manage a 
grid with such increasing number of intermittent energy 
sources and EVs, smarter automation and IT systems are 
imperative. Peak load management through control of 
loads (such as through demand response, which can be 
considered a dynamic form of Demand Side Management, 
or DSM) has assumed high priority for electric utilities as 
there is a growing peak demand, leading to a supply gap 
during peak hours of consumption in many parts of the 
world. Beyond such drivers, increased deregulation, 
consumer choice for green power, which is inherently 
variable, and many more factors are giving thrust for the 
transition to smarter grids that can address all these issues. 
 
The applications or building blocks of a smart grid are: 
 
 
 Supervisory Control and Data Acquisition Systems (SCADA) 

with Energy Management Systems (EMS) and Distribution 
Management Systems (DMS) 

 Enterprise IT network covering all substations and field offices 
with reliable communication systems 

 Enterprise Resource Planning (ERP) and Asset Management 
Systems 

 Mapping of electrical network assets and consumers 

 Modernization of the substations with modern switchgear and 
numerical relays 

 Advanced Metering Infrastructure  with two way communication 
and Meter Data Management Systems (MDMS) 

 Electronic Billing Systems and Customer Care Systems 

 Distribution Automation (DA) and Substation Automation 
Systems 

 Outage Management Systems (OMS) 
 

 Mobile Crew Management Systems 
 

 Analytics (converting data into business intelligence) 
 

 Enterprise Application Integration 
 

 Forecasting, Dispatch and Settlement Tools 
 

 Wide Area Measurement and Control Systems 
 

2.1 Indian Smart Grid Relevance  

The transmission and distribution losses are still very high 
in the Indian power system and distribution network loss 
reduction continues to be the top priority of both utilities 
and government. Solutions of smart grid will monitor, 
measure and even control power flows in real time that 
can help identify losses and thereby appropriate technical 
and managerial actions can be taken to arrest the losses. 
Restructured-Accelerated Power Development and 
Reforms Program (R-APDRP) some of the basic building 
blocks of smart grids are being implemented in all urban 
areas (1401 towns) all across India and this infrastructure 
can be effectively leveraged to transform these utilities to 
smarter grids with low incremental costs which would 
result in better utilization of R-APDRP assets as well as 
those installed under new smart grid programs.  
 
 
 
 
Utilities:  
 
[1] Reduction of T&D losses in all utilities as well as 
improved collection efficiency 
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[2] Peak load management – multiple options from direct 
load control to consumer pricing 
      Incentives 
[3] Reduction in power purchase cost 
[4] Better asset management 
[5] Increased grid visibility 
[6] Self-healing grid 
[7] Renewable integration 
 
Customer side: 
 
[1] Electricity for all 
[2] Improve reliability of supply to all customer i.e. no 
outage and power cut. 
[3] Reliability of power supply-no more voltage stabilizer  
[4] Transparent interface with utilities 
[5] Choices for customers including green energy 
[6] Shifting loads from peak periods to off-peak periods 
 
Government and regulations: 
  
[1] Satisfied customer 
[2] Sound utilities 
[3] Tariff upgrade and modernization  
[4] Reduction of emission 

3. Smart House Modeling 

A smart house is a house that is fully integrated with the 
smart grid. It communicates with the grid how much 
power it generates and consumes. Using this information 
the house can decide how much power should be sold to 
the grid during times of overproduction and how much 
power can be bought from the grid during times of low 
micro generation in households, without violating the grid 
conditions. Each smart house is equipped with a System 
Controller, which continuously gathers information from 
the house [6-10]. Using this information the system 
controller makes decisions to make sure that the internal 
grid conditions are not violated and the micro generation 
units are used in an effective way. This system can be 
combined with smart loads such as dishwasher and other 
electric appliances that can be controlled by the system 
controller to run during times of over production and/or 
when the electricity price is low. Smart houses should be 
able to integrate and control solar panels, wind turbine and 
batteries on a household level to make sure that these units 
are used in a cost efficient way and that the internal DC 
bus is operating without violating the grid conditions. 
Many believe that battery equipped cars would be the 
perfect energy storage for the smart house. Using these 
already available batteries the consumer will not need to 
invest in extra storage and the system controller would 

make sure that the car is fully charged when needed. 
Furthermore when the car is connected to the house it can 
be used as an energy buffer for the micro generation units 
to more effectively be able to use these energy sources. A 
schematic idea of the smart house is seen in figure 1. [2] 
 

 

Fig.1 Smart home architecture 

Connecting these houses to a local medium voltage grid 
that is controlled by system controller forms a smart cell. 
The system controller on this level controls a number o 
generators, such as wind turbines or solar panels, a battery 
and a number of houses. The main task for the controller 
on this level is to maintain voltage on the grid and provide 
the houses with power. 

3.1 Dimola Implementation  

The house is equipped with two generators, one battery, 
one external connector and three loads. The system 
controller, is connected to each resource and all resources 
are connected to the internal DC bus [11-12]. The inputs 
to the house are the id from the system controller. The 
system controller controls the medium voltage grid and 
uses the shared external connector unit and an input for 
the price information. This could be used by the controller 
unit to determine when it is time to turn off or on loads. 
The house also has an (EPL) DC converter to connect the 
house to the medium voltage grid and a price output 
signal, which gives information of what the total 
electricity cost has been. The total price is calculated by 
integrating the product of the price signal and the power 
going through the external connector. 
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3.2 System Control  
 
Based on that system control (fig.2) total operation of a 
smart house is optimized. At the first sample the system 
controller block calls the function which control the 
overall programs in Dymola. 
 

 
Fig. 2. Overview of an typical Modelica model of a smart house with two 

generators, one battery, one external connector and three loads. 
 
 

All resources, generators, batteries and loads, are equipped 
with a generic smart block. The Modelica model of a 
generic generator can be seen in figure 3. The 
implementation of the generator will be presented here as 
an example, loads and batteries are implemented in a very 
similar way. 

 

Fig. 3. Overall model of a generic generator  

4. Result Analysis  

This scenario was designed to test if the external medium 
voltage grid and the smart houses were able to adapt to 
changing conditions of the external high voltage grid. At t 
= 0 sec the medium voltage grid voltage v = 0 volt. The 
voltage at both the medium voltage grid and the houses 
internal grids were controlled to the desired voltage level. 
At t = 80s the external high voltage grid fails and the 
medium voltage grid goes into islanding mode and 
operates without any external connection. The system 
controller at this level is forced to use all its resources to 
try to maintain the voltage level. 

 

Fig. 4 Proposed beam former. 

 

Fig.5. Short term scenario   

5. Conclusions 

In this article, a new ride-through module for dymola for 
smart home has been proposed. The ride through 
capability has been achieved with minimum addition of 
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simulated tools into smart grid architecture. This method is 
fast to compute cost of electricity for smart home and 
optimize it as per predetermine schedules and establish 
more superior in all contains levels. 
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