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Abstract. Energy sources as a solar, wind and water energy are used in
production of electrical energy. Their biggest advantage is that they are
renewable and they are sustainable. On the other hand, production from
renewable energy sources is limited by environmental conditions.
Production of photovoltaic systems are dependent on solar radiation,
temperature, incidence angle, shadowing and other variable quantities. That
is why designing of photovoltaic system is complex. In this paper
a photovoltaic system production analysis and consumption analysis in
residential house are presented. With real measured data the consumption
and production are compared and energy balance equations, battery charge
and discharge model are defined and behaviour of battery storage system
through the one day are analysed. In addition, the reactive energy production
and consumption are also analysed.

1 Introduction

A clear tendency moving towards renewable energy is observed since the end of the twentieth
century, in response to an early depletion of oil supply, to climate and environmental impacts
of carbon energies [1]. Solar energy is considered as one of the most important renewable
source of energy because of the huge amount of free energy source, without emissions during
energy production, almost maintenance free and becoming more and more promising [2].
Energy production with photovoltaic systems is not available all the time. Production
depends on solar radiation, temperature, incidence angel, shadowing and other quantities,
which are under the influence of environment. In recent years, introducing the battery storage
systems are becoming more popular, but energy storage elements are nowadays expensive,
breakable and allow low performances [3], so the most efficient system to harvest energy
from alternative sources is still the injection into the grid [4, 5].

Due to their dependence on weather conditions, the renewable energy sources, including
photovoltaic systems, have a stochastic production that makes it difficult to integrate into the
electric grid. Uncoordinated massive integration leads to destabilization of the grid [6], so
this is one of the reasons, why designing a photovoltaic systems can be complex task. By
introducing energy storage systems destabilization problem of the grid can be solved, but as
we described previously, energy storage systems have many other disadvantages.
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As designing of photovoltaic systems is based on the amount of solar radiation, the effects
of natural conditions on photovoltaic system production have to be analysed, in our case the
effect of temperature and solar radiation. For our photovoltaic system a scheme of power
flow has to be created and basic energy balance equations set. After that the consumption in
pilot building, which is usual residential house, is analysed and deficit energy is calculated.
In relation with energy production, the operation of battery storage system is also analysed.

2 Method for analysis of photovoltaic system with battery
storage

This part of paper represents pilot photovoltaic system with battery storage unit in pilot
building (residential house), where battery control algorithm was in the self-consumption
mode. State of charge was measured through the measurement of battery voltage level with
industrially in-built sensor.

2.1 Energy balance

A scheme of our system is represented on Fig. 1.
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Fig. 1. Scheme of photovoltaic system with battery storage.

According to Fig. 1 and [7, 8] equations of energy balance can be derived. The power
dispatched from the photovoltaic system is represented by two components, one for
consumption of the building and one for battery charging at time t [7]. Equation (1) presents
balance equation of grid connected photovoltaic system with storage and consumption at time
t[9].

PAF (t) £ Plgip(t) = Plgap(t) + Phgr(t) @

where P4 (t) is power produced PV energy measured on AC side of inverter, PAS;,(t) is
power injected to or taken from the grid, P/, (t) is consumption power of the building and
P4SH(t) is the power measured on AC side for charging or discharging the battery. It can be
seen that there are four possible combination of power flow.
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It is possible to take into account also the efficiency of battery presented in (2)—(3) and
PV inverter presented in (4) [10].

charging: PA{ (t) = ngar Ac/pc” P () 2
discharging: P45 (t) = Npar pc/ac” PR&u (8) ®)
PEF(8) = npy Ac/pc” PRy (1) )

where npar ac/pc is efficiency of battery inverter at charging, ngar pc/ac is efficiency of
battery inverter at discharging, npy 4c/pc is efficiency of PV inverter, Pp&, is DC power at
battery discharging and PZ¢ (t) is DC power at battery charging.

Because this paper analyses the energy/power balances on AC side between
PV production, consumption, battery storage and grid in the mode of self-consumption, we
could take into account only the power on the AC side of inverters.

2.2 Battery charge and discharge model

The biggest restriction of battery is the capacity. An important thing is also the efficiency of
energy conversion of electric to chemical energy and vice versa. With time it appears also
fade of battery capacity. The equations written below are presenting battery stored energy
during the time and the restrictions of the capacity that depends on the fade factor [7].

Qp(t+1) = Qp(t) + ng - PAF (t) — PRE (D) (5)

where Qj is battery stored energy, ny is the efficiency of energy conversion from electric to
chemical energy, P2S (¢) is battery charging power at t and P25, (t) is battery discharging power
at t. Battery capacity fade depends on coefficient of fade and the power of discharging. With
each discharge, battery loses [7].

Qr(t+1) = Qs () + Zp - PPGy(D) (6)

where Qf(t) is capacity fade at time t, Z,, is degradation factor of the considered battery
technology. Power of charging and discharging is also limited.

PS(t) < Ng-Pg (7)
where Py is maximum charge/discharge power per KWh and Ny is installed battery capacity
in kWh. The equation (7) is used also for discharging power.

2.3 Basic data about photovoltaic system with battery storage

Basic data of photovoltaic system with battery storage are presented in Table 1.

Table 1. Basic data about photovoltaic system and battery storage.

Photovoltaic system Battery unit
Installed power 6.72 KWp Installed capacity 6.6 kWh (usable)
Module type SolarREC280PE Inverter efficiency 98.8%
Number of modules 24 x 280 Wp Depth of discharge < 95%
DC round trip
Inverter type Solar Edge 7K (7kW) efficiency 95%
Inverter efficiency 97.3% Number of cycles 6000




E3S Web of Conferences 116, 00045 (2019) https://doi.org/10.1051/e3sconf/201911600045
ASEE19

2.4 Data acquisition

Data acquisition is based on monitoring system of different variables. All of them are
measured every 15 minutes. Measured variables are: production of electricity from
Photovoltaic system, charging/discharging of battery, import/export of electricity from the
grid, consumption of electricity, active/reactive energy production/consumption.

3 Results and discussion

In this chapter analysis results of different variables through the analyzation period are
presented. Chosen analyzation period was from 1.12.2018 to 1.1.2019. Daily production and
consumption of active energy are presented in Fig. 2.
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Fig. 2. Daily production and consumption of active energy.

According to Fig. 2, there was just one day in whole analyzation period, when energy
production was higher than consumption. On the other days, consumption was higher than
production. It was also noticed that the consumption during the weekends is higher than
during the week. Fig. 3 represents daily production and consumption of reactive energy.

A production of reactive energy was higher than consumption on the load side through
the whole analyzation period. There was no need to take a reactive energy from the grid. Fig.
4 represents energy production, energy consumption and State of charge of battery system
through the one day of our analyzation period.

When production is higher than pilot consumption, state of charge is rising and vice versa.
As a period of energy production was shorter than in summer time, state of charge of pilot
battery system did not reach maximum state of charge.
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Fig. 3. Daily production and consumption of reactive energy.
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Fig. 4. Influence of the relation between consumption and production on state of charge of battery
system.

Fig. 5 presents the power and state of charge dependency for sample day 31% of
December. It can be seen that battery is not completely charged but only up to 79.5%. Stored
energy is in the evening discharged in approximately 1.5 h. As the battery control algorithm
was for self-consumption, battery was discharging with maximum allowed power of 3.5 kW
but it was charging with a little bit lower power than maximum as surplus power from
PV was not high enough.
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Fig. 5. State of charge and power (grid, battery, consumption, PV production) for 31" of December
2018.

4 Conclusion

According to the results of analysis there is no possibility to provide complete
self-sufficiency through the winter period, because energy production is most of the time
lower than consumption. It was analysed the most problematic period of the year for energy
production with photovoltaic system and most of energy had to be provided from the grid.
To provide a complete self-sufficiency an introducing of hybrid systems such as a hybrid
system with fuel cells and photovoltaic system can be a solution. Battery storage systems can
save limited amount of energy and they cannot provide energy for longer periods, when
production with photovoltaic system is not available.

The research presented in this paper has been partially financed by the Interreg MED Programme, with
the project “Promotion of higher penetration of distributed PV through storage)”, acronym: StoRES.
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