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ABSTRACT: The objective in this paper is to describe the utilisation of a simulation model which has been 
developed for the design of a hybrid system used for electrical and thermal power generation. The system 
consists of a combined heat and power plant and a photovoltaic array with an additional lithium-ion battery for 
electrical energy storage. 
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Introduction 
During the past years an intensive 

development and integration of renewable 
energy sources was implemented. In the 
upcoming years most estimates of the 
potential growing consumption predicts 
that the global energy demand will become 
double by the year 2050 [1]. One of the 
most important tasks for the power systems 
in the coming decades is the demand of 
transformation from the actual state to a 
new form of future generation grids. Next 
generation grids must meet the greenhouse 
gas emissions requirements (20-20-20 
targets of the European Commision) by 
switching to renewable energy sources[2]. 
Furthermore a shift from the traditional 
centralized power generation towards a 

regional power generation will become 
more popular. In [3] a decentralized hybrid 
power generation system was introduced 
and verified in [4]. It consists of a 
combined heat and power plant (CHP) 
with a nominal electrical power of 50 kWel 
and a thermal power of 81 kWth. A peak 
load boiler with a rated power of 895 kWth 
is used to cover the complete energy 
demand of a residential neighborhood 
during high consumption via heat storage 
tanks. In order to reduce the power flow 
from the public grid a photovoltaic  system 
(PV) with a peak power of 63 kWp has 
been installed. A lithium-ion battery with a 
nominal power of 50 kW and a capacity of 
135 kWh is integrated to compensate the 
fluctuating power generation of the PV 
system. The architecture of the plant is 
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illustrated in Fig. 1. Thermal power is 
distributed via a district heating network 
(red line); electrical power is distributed 
via the low-voltage grid (blue line). The 
PV and the battery systems are connected 
to the grid by the use of individual 
converters. The plant, located in 
Kelsterbach in the German Frankfurt/ 
Rhine-Main metropolitan region, supplies 
a residential area with 180 town houses. In 
the first construction phase the plant starts 

its operation in the year 2014 by supplying 
two thirds of the finished houses. Now at 
the actual moment the facility operates in a 
full capacity and it supplies all initially 
predicted households with electrical and 
thermal power regarding their demands. 
Most of the attention is this paper will be 
focused on the electrical part and moreover 
on the power injecting process from the 
hybrid system to the utility grid. 

 
Fig.1. Block diagram of the electrical and heat networks and elements 
 
An impact of the power 
management 
 

In order to demonstrate the processes of 
power generation, distribution, utilisation 
and export of power, a software model has 
been developed with the help of PSIM 9.3. 
It enables a detailed analisys of the system 
performance and a possibility to compare 
and refer with directly measured and stored 
data performance of the real facility, 
demonstrated earlier in one of the previous 
papers [4]. In this paper a strategy for 
cutting the power peaks injected from the 
system during surplus power production to 

the utility grid will take a place. This 
strategy directly will impact on the 
performance of the system in order to bring 
it in a condition with predictable behavior 
regarding the injected power in the node of 
utility grid where the decentralised system 
is connected. A problem with almost all 
decetralized renewable energy sources 
occurs with their uncertainity regarding the 
amount of generated power and their time 
of power production. In many cases during 
power generation not all of the produced 
power is used from the local consumers. In 
these cases the available suprlus power is 
injected into utility grid without caring 
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about the amplitude of the injected power, 
but that might cause significant negative 
influences on the amplitude of grid 
voltage. A strategy for smooth power 
injection is poroposed by the 
implementation of a device with a purpose 
to track and calculate the potential 
expected surplus production of power 
during each daily cycle. A block diagram 
with the conception is represented at Fig.2.  
 

 
Fig.2. A pattern of battery logical model 
 
The battery management tracks all power 
sources in the system together with the 
demand of the consumer and also the state 
of charge (SOC) for the lithium-ion battery 
system. If the consumer`s demands are 
higher than the produced power, then 
nothing will be stored in the battery 
system, but if the demands are lower than 
consumption, then the battery acts like a 
buffer in order to absorb or redirect the 
surplus power. As an output three phase 

currents are generated and they form the 
output power of the system. 
 
Construction of the device for 
power management 
 

All circuits have been made in a 
simulation field of PSIM 9.3 software 
where most of the dynamic proceses in the 
real facility can be recreated with a very 
close acuracy in order to be observed and 
upgraded with new features. A revealed 
view of the curcuits is represented on 
Fig.3. There the battery power 
management receive measured information 
from every source of electrical power in 
the system together with the electrical 
demands of the consumer. By the usage of 
a calculating algorythm the battery system 
absorbs almost all the surplus power while 
its SOC is lower than 100%. After the 
battery is fully charged, then it can not 
accept power anymore hence the rest of the 
difference between produced and 
consumed power will be injected in the 
utility grid. The following equation defines 
how the battery system works in normal 
conditions governed by PMS block. 
 
Pbat, request = Pel.CSR – Pel. PV – Pel. CHP       (1) 
 
But normal opperational conditions cause 
non-regulated power injection in the utility 
grid after the battery system is fully 
charged and the system`s electrical 
demands are lower than all generated 
power. At this case is necesairy to be 
included one more computational blocks 
with purpose to track the historical 
information for the system`s performance 
together with the actual balance of power, 
forecasted amount of power and SOC. This 
device calculates an approximate 
forecasting value regarding the power that 
can be allowed to be absorbed by the 
battery or deducted from the total charging 
power flow in order to maintain a close to 
constant surplus power value. The main 
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idea is to smooth the injected power rely 
directly to the values produced as an output 
of the PMS2 block. It forces the system to 
absorb more or less surplus power just to 
keep the quantity of initialy calculated 

forecast for surplus power during an also 
calculated time frame for daily injecting 
time. The expression of this algorythm is 
as follows: 
Pbat,request=Pel.CSR –Pel. PV –Pel. CHP ±Pdeduct (2) 

 
Fig.3. An overview of the circuit solution for smooth injected power with all functional  
and computing blocks 
 
Simulation results 
 

For the simulations a typical summer 
day has been used. All the stored data from 
01.07.2014 for CHP performance, PV 
conditions like solar irradiation and 
module temperature electrical demand of 
the consumer are set as an input for each 
device placed in the software model. A 
simulation with and without the smoothing 
corrections is performed in order to 
demonstrate the effect of the calculated 
deductions which must be applied if the 
desired solution for peak-cut off should be 

implemented. On Fig.4 a) is represented 
the system performance with no 
precautions for injected peak cut-off. The 
other simulation plot at Fig.4 b) reveals the 
effect of the implemented method for peak 
cut-off. It can be noted that the results are 
not perfect with 100% flat and smooth line 
of injected power shown at Fig.4.b), but 
the controller is not still in its final stage. 
There will be more efforts to make its 
performance as close to the idealized case 
as possible. The controller PMS2 also care 
about the calculated consumed power after 
the smooth actions are calculated. The 
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point is to achieve minimal difference in 
the consumed power from the utility grid 

with main point to reduce as much a s 
possible the injected power spikes. 

 
Fig.4. Results of the implemented peak cut-off .ES.SOC_Batt – state of charge of the storage 
battery; P_el_3P_UG – is the power flow transferred form the system to the utility grid;  
 
Conclusions 
 

The proposed methodology for injection 
smoothing by cut-off the peaks of injected 
power reveals a possibility for a better grid 
oriented use of hybrid systems with 
renewable energy sources. The benefits of 
this strategy will provide the future 
decentralised power facilities with ability 
to predict in a very narrow band the 
estimated power that should be produced 
and injected in the utility grid by similar 
systems. In this way the operators of such a 
kind of power producing units will be able 
to define with high accuracy the injected 
portions of power in the connecting point 
with the utility grid and therefore this will 
cause better and more stable performance 
of the future power distribution networks.  
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