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Abstract - The issue of the atmosphere gases concentration 
decrease, generated by the human activities, was the key point 
for integrating renewable energy sources into the electricity 
grid. Thus, consumers became prosumers, allowing energy 
consumers not only to use, but also to generate energy, the 
surplus being sold on the electrical network. The support of 
prosumers in the countries of the European Union has registered 
significant growth rates, especially regarding the energy 
produced from photovoltaic panels in households or in 
commercial spaces. Romania will promote the distributed 
generation from renewable sources with installed power between 
3 kW and 100 kW (most recently, starting form 4th of December 
2020), the on-grid installations being subsidized through the 
financial support of the Environmental Fund Administration (3 
kW for residential prosumers) with ,,photovoltaic green house,, 
program and Ministry of Economy, Energy and Business 
Environment with the ,,Electric Up,, program ( between 27 kW - 
100 kW power for commercial prosumers). This paper proposes 
an analysis of a Romanian prosumers  with a specific case study, 
comprise of a comparative analysis for an  integrated 3kW 
(residential) energy user versus a smart prosumer, and their 
subsequent energy curves, in order to reduce the energy 
consumption with a management system for the optimal 
coordination of the energy to the owner's need, also the 
rentability of the system and a minimum disturbance of the 
electricity grid.  
 
Keywords: consumer, energy, grid, prosumer, photovoltaic 
panels, smart grid  
 

I. INTRODUCTION 

For decades, the production, transmission and distribution of 
electricity have been components of monopolistic systems, 
vertically integrated and centrally controlled. High power 
production units, of thermal, nuclear or hydraulic, ensured the 
production of electricity according to a single criterion: the 
order of merit. In such a system the control and command 
were performed centrally and hierarchically [1-5]. In present, 
energy systems are undergoing profound transformations [6-
12], mainly due to the deregulation and opening of energy 
markets. During several stages, we passed successively from 
the monopolistic structure characterized by the existence of a 
single owner (the state) to the competition situation 
characterized by the existence of several actors of more or 
less important size.The prospect of depleting non-renewable 
primary energy resources (fossil fuels) and the threat of 
climate change and environmental degradation have had the 
effect of mobilizing the international community to mitigate 
the negative consequences of these effects. The problem of 
stopping the increase in the concentration of greenhouse 
gases in the atmosphere, generated by human activities, has 
been the key point of several international meetings. 

 
Fig. 1 Simulation of global warming evolution  



 

 

 
With the increase in the share of consumers using distributed 
electricity production systems based on photovoltaic panels, 
[13-19] smart meters, household battery storage systems, 
electric mobility and, in general, smart energy consumption 
devices, there will be important transformations of the way 
electricity is distributed [20-25]. The prosumer is not a simple 
consumer of energy, but also an energy producer who is 
having the possibility to optimize the moment of 
consumption, respectively to inject energy form their own 
production in the network according to the instantaneous 
price of energy,  can change the profile of the curve load by 
flattening the tips and raising the gaps. In this way, the 
prosumer can contribute to the integration of intermittent 
renewable energy sources production in the National Energy 
System, reducing balancing costs. The new updated 
renewable energy sources  promotion directive (EC 2016b) 
proposes to guarantee the right of individual consumers and 
local communities to become prosumers and to be 
remunerated for the energy delivered in the network, as well 
as other mechanisms that facilitate this transition. For 
example, consumers will have the right to request from the 
supplier a smart meter and a contract with a dynamic price, 
which will allow them to adapt their consumption to the 
variation of the price of electricity.  
The increase in the number of prosumers was facilitated by 
the decrease of the costs of renewable electricity production 
technologies, especially the production of photovoltaic panels 
(0.3 $ /watt). 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Evolution of price for PV panels [ 29 ] 

Romania will promote the prosumers through the 2 programs: 
photovoltaic green house and Electric Up and with it will 
increase the power installed of the photovoltaic by maximum 
14 percent ( 100 MW - 200 MW), curently installed which is 
1400 MW .  

 
Fig. 3 RES-based generation in  Romania (MW)  at the end of 2019 
         [ 22 ]   

Romania has also a 3.4 million individual homes potential, 
that may become prosumers which is 10.2 GW (3kW each 
individual house).  
Worldwide energy consumption is expected to increase by 50 
percent form today to 2045. The transformation of a 
traditional city into a smart city is not a simple task and 
requires from start a correct management of energy, which 
leads to energy efficiency through the sustainable behavior of 
prosumers. Thanks to new technologies such as IoT and smart 
appliances (Control Home Management, CHM), it is possible 
to induce to the consumer a new type of behavior, not only 
regarding the energy consumption, but also the exchange and 
sale of energy, assuming a fundamental role in Smart Grids. 

 
Fig. 4 Distribution of population by dwelling type ( Romania is marked in 

red ) [ 27 ] 
 

Generating electricity with photovoltaic solar panels is a 
viable solution in all regions of Romania both for 
independent photovoltaic systems and for the construction of 
photovoltaic plants connected to the national energy system. 
Romania is privileged in terms of solar energy, the level of 
solar irradiance being higher than in Western European 
countries with a tradition in using these systems. 



 

 

The installation criteria of prosumer is influenced by different 
factors: technical, economic, environmental and socio-
political. 

II. RESEARCH  

A. User site presentation  

Following the analysis of several initial locations, the North 
Dobrogea area (Isaccea, Tulcea County, latitude 45.275, 
longitude 28.453) was selected as the optimal position in 
terms of solar irradiation and climatic conditions in Romania 
for the configuration of the residential photovoltaic system 
(prosumer ). The user has a building consisting of a PVC 
container of approximately 26m2 with 2 benders (terraces) on 
one side in the northeast direction and on the other in the 
southwest direction, in total being an area of 70m2. Both are 
with a roof in a ,,water form,, inclined at 30 degrees.  

 
                      Fig.5 Orientation and inclination factors  [ 30 ] 

B. Photovoltaic system analysis  

The photovoltaic system will be located on the south-south / 
west side. The benefits of the photovoltaic system depend to a 
large extent on the orientation and inclination of the 
photovoltaic modules, the optimal orientation being south / 
southwest and an inclination of 30 degrees as the location on 
the roof is 30% more efficient than those on facades. At the 
same time, this user benefits from the financial support of the 
Environmental Fund Administration. 

 

Fig. 6 Solar irradiation  [kWh/m2] in Romania and the location of the 
selected prosumer [ 26 ] 

Solar irradiation was measured directly, using pyranometers 
or photovoltaic sensors or indirectly by analyzing satellite 
images during a year and also with a wattmeter (fig. 7 ) 
household aplications used by the user/consumer to measure 
electricity consumption/hour to establish the paradigm of 
consumption per day/month/season for its further 
improvement, implicitly energy efficiency. Also it was use to 
see the difference between data sheet given by the 
manufacturer of the household aplication and the 
measurement  itself. 

 

Fig. 7 Wattmeter 

The estimated consumption with standard electrical 
equipment without electric heating, in a house in Romania is 
between 200kWh-300kWh /month (in this case season, for a 
family with 3-4 members in which the maximum electricity 
consumption is in the morning and evening). On average, in 
this type of house, the photovoltaic energy produced per day 
is consumed below 20% (around 15%), the rest being injected 
in the network (85%). It will be higher if we have a higher 
consumption during the day (11-15 hours) when the Sun is at 
its highest level, a situation in which the energy consumed 
from the photovoltaic installation that will be sold in the 
national grid will be equal or exceed the value of own 
consumption. The price of energy in Romania today is 65% 
higher than if the energy were sold in the network. (0.68 lei / 
kWh compared to 0.22 lei / kWh). 
The price of energy in Romania today is 65% higher than if 
the energy were sold in the network. (0.7 lei / kWh compared 
to 0.22 lei / kWh).  
The residential consumer will be with the following 
household aplications having the following installed powers 
and operating times depending on the season. In late spring, 
summer and early autumn, air conditioning for cooling will 
be taken into account.  
Household aplications are: 
1. TV with a consumption of 153 kWh / year but by the 

manufacturer. 
2. 12000BTU air conditioning with a consumption of 8-9 

kWh / day in the hot season 
3. Refrigerator with a consumption of 219 kWh / year ( not a 

constant load ).  
4. Led lamps (8) with a total of 80W  



 

 

5. Laptop is charged 2h / day resulting in 0.066kWh / day or 
24kWh / year  (fig.8)  

6. 80 liter electric boiler with a consumption of 2.8-3 kWh / 
day  

7. Washing machine on a washing cycle consumption 600W 
(1 / 2h) 

8. Electric hob (1500W) / Electric toaster (750W)  
 

 
Fig. 8 Example of measuring consumer energy ( laptop ) in an hour  

The user's 3kW photovoltaic system: 
- 10 mono-crystalline panels for a higher efficiency (up to 
18% compared to 14-15% polycrystalline) with an individual 
power of 300Wp = 3kW inclined at 30 degrees, facing SW 
- an inverter with range between 90-500V (because the 
system has a voltage of 320V and a current of 9.2A) 
- connection materials; 
- mode of communication; 
- intelligent meter that measures the amount of energy 
produced by the photovoltaic panel system and that allows 
the collection and transmission of relevant data remotely, in 
electronic format; 
- direct current / alternating current electrical panel; 
- assembly structure; possibly batteries;
The connection is single-phase with an amperage of 13A, 
with a copper cable with a nominal section of the conductor 
of 2.5mm2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Fig. 9 Prosumer scheme (classic) [ 21 ] 
 

 
Fig. 10 Intelligent on-grid photovoltaic system [ 28 ] 

 
Intelligent photovoltaic systems are digital systems with 

microprocessors that control, via IoT or radio, household 
consumers, energy storage, grid injection, remotely transmit 
the values of consumption and instantaneous production, 
analyze them for predetermined periods, optimize the power 
of the PV panel area, all in order to maximize profit and 
streamline consumption.

 

Fig. 11 Flexible system with 3-phase on-grid coupling with load 
management ( with battery back-up ) - concept  

 
Through the INTERNET PORTAL, the CHM offers various 
facilities for load control, such as information on the current 
state, energy balances, forecasts for photovoltaic (PV) 



 

 

generation, and recommended actions based on them. In 
addition, the CHM can control tasks automatically if they are 
connected to an interface with proper communication. CHM 
together with radio controlled sockets form the core of the 
basic solution for intelligent energy management and offers 
the following functions of creating PV production forecasts, 
creating load consumption profiles, data transmission to the 
INTERNET PORTAL, limiting the injected active power if 
necessary, automatic control of consumers through Radio 
controlled sockets. 
Compared to the above system, it has the advantage of 
connecting to the three-phase network and storing electricity 
in accumulator batteries. 

III. PHOTOVOLTAIC PANEL MEASUREMENT  

The mono-crystalline photovoltaic panels were measured in 
the laboratory using the Pasan Highlight solar simulator 
(several in Europe) which is designed to test, evaluate and 
determine the operating parameters of photovoltaic modules. 
They were measured to certify the data given by the 
manufacturer. The value of a panel was: 296 W, with 1.5% 
loss of the rated value (300W).  
 

 
Fig. 12  300W crystalline photovoltaic panel measurement 

 
The equipment is tester module type composed of: 
- Flash generator, which is the power supply of the light 
source 

 
Fig. 13 Flash generator 

- Flash lamp separated by two tubes, generating a calibrated 
light pulse; 
- Electronic load, which scans the tested device (DUT) 
response to the UI curve during the light pulse; 
- Control and monitoring cells that allow to control and 
measure the effective light of irradiation; 
- A temperature measurement, which is included in the 
monitor cell, but which can also be independent (as an 
option); 
- Computing unit with Pasan software for calculating and 
storing measured data; 
Functional Parameters:  
• Generator module: includes power source (capacitors) and 
control electronics for the light pulse emitted by the flash 
box. Maximum voltage: 800V, cycle: 30s. 

 
Fig. 14 System's Generator Module 

 
• Flash box: emits light pulse due to xenon lamps. It is 
connected to the generator module by a high voltage cable. 

 

Fig. 15 Flash box 

Fig. 16 Preparation for measuring monocrystalline photovoltaic panel  

IV. SIMULATION  



 

 

A. Classical prosumer analysys  
In the classical system, the energy production from the 
photovoltaic system is consumed so far as there are 
household aplications  in function at the moment of its 
production. 

 

Fig. 17 Energy curve (classic system)  

The user has the following households consumers as we 
previous specified in this paper with following installed 
powers and operating times depending on the month and 
season. These are distributed according the user’s needs. 
During the warm season (May, June, July, August, 
September) a limited air will be taken into account to cool the 
room.  

TABLE I 

Household consumers and their energy distributed per 
months 

 
 

 
Fig. 18 Hourly consumption distribution per day 

 
Fig. 19 Hourly consumption distribution in July 

 
Table I shows that we have the lowest consumption in 

May/November and the highest in July. On average it is a 
consumption of a 9.5 kWh/day (3467 kWh/year and 288 
kWh/month). Following the simulation, the following results 
were obtained   

TABLE II 

 FIRST SYSTEM RESULTS TABLE 

 

 
 



 

 

 

 
Fig. 20 The final production (with system losses) 

 

 
 

Fig. 21 Diagram of losses for the entire year (from the first/classic 
system) 

 
 

 

 
Fig. 22 Load curve of the classic prosumer 

 
Following the simulation of the classic on-grid photovoltaic 
system of 3 kW, for the entire year, 4949 kWh is produced, of 
which 800 kWh are lost (see fig. 21) and an energy of 4149 
kWh remains "net", of which: 
• 675 kWh is used by the user, resulting in a contribution of 
16.26% of photovoltaic energy; 
• 3474 kWh is sold in the electricity network; 
• The remaining 2786 kWh is extracted from the grid; 
Considering that the current price at ENEL Dobrogea is 0.7 
RON/kWh (taxes included) results an average monthly for the 
electricity bill invoiced value of ( table 1) :  
          0.7RON/kWh x 288.41kWh = 201.88 RON               (1) 
Doing the calculations after the simulation we have the 
following financial contribution: 
• The annual reduction of 675kWh to the energy consumed 
from the network being produced by the photovoltaic system. 
The value of this saving is:  
          675kWh x 0.7 RON = 540 RON/year                        (2) 
• To be collected from the electricity supplier for the 3474 
kWh. For the electricity delivered in the network, 0.22 lei / 
kWh is paid (see legislation). The value of this ratio is:  
        0.22lei/kWh x 3474kWh = 764.2 RON/ year               (3)                  
The total value saved annually will be:  
        540RON + 764.28RON = 1304.28 RON / year           (4)                   
Of the 2786 kWh taken from the network, the following will 
be paid:  
        0.7RON/kWH x 2786kWh = 1950.2 RON / year.        (5) 
From the calculations it results that per year the beneficiary 
will pay:  
        1950.2RON – 1304.28RON = 645.92 RON                 (6) 
 

B. Smart prosumer analysis 
 
In the smart system, the own energy production is maximized 
by the automatic control of the households aplications, 
putting them intro operation when there is energy produce by 
the photovoltaic system. 



 

 

 
Fig. 23 Energy curve (smart system)   

We start from the premise with same consumers with the 
same power and the same time (see Table I). These are 
distributed according to the needs of the user and the 
intelligence of the system, having a different consumption 
profile (see fig.24), moving automatically the large 
consumers in the peak of the afternoon (where the most of the 
energy is produced by the photovoltaic) 

 
Fig. 24 Hourly consumption distribution per day (the smart system) 

 
Fig. 25 Load curve of the smart prosumer 

 

 

Following the simulation, we obtained the following results 

 
Fig. 26 Diagram of losses for the entire calendar year (from the 

second/smart system) 
 
Following the simulation of the 3kW on-grid photovoltaic 
smart system, for the whole year the same energy of 
4949kWh is produced, of which 800kWh is lost (fig. 26) and 
a net energy of 4149kWh remains, of which: 
• 1665kWh is used by the user, resulting in a contribution of 
40% of photovoltaic energy 
• 2484 kWh is sold in the electricity network 
• The remaining 1802 kWh is extracted from the electrical 
network 
Considering that the current price at ENEL Dobrogea is 0.7 
lei / kWh (taxes included) results an average for the 
electricity bill monthly invoiced value of:  
              0.7RON/kWH x 288.4kWh = 201.887 RON          (7) 
Doing the calculations after the simulation we have the 
following financial contribution: 
• The annual reduction of 1665 kWh to the energy consumed 
from the network being produced by the photovoltaic system. 
The value of this saving is:  
            1665kWh x 0.7RON/kWh = 1165.5 RON/year        (8)                  
• To be collected from the electricity supplier for the 2484 
kWh. For the electricity delivered in the network, 0.22 RON / 
kWh is paid [3]. The value of this ratio is:  
            0.22RON/kWh x 2484kWh = 546.48 RON/year      (9)                  
 
 
 
 



 

 

The total value saved annually will be: 
       1165.5RON + 546.48RON = 1711.98 RON/year     (10)                                                                  
Of the 1802 kWh taken from the network, the following will 
be paid: 
     0.7RON/kWh x 1802kWh = 1261.4 RON/year            (11) 
From the calculations (10)(11) it results that per / year the 
beneficiary will receive from the electricity distributor 450.58 
RON/year (92.521 Euro/year)  
* 1EURO = 4.9 RON  

V. CONCLUSIONS  

   The sizing of the photovoltaic system is done taking into 
account the power peaks during the day, moving consumers, 
as much as possible, during the 6 hours centered on noon. 
Given that the price of one kW / installed is on average or 
higher than 1200 Euro (VAT + installation + transport + 
maintenance), the cost for 3kW will be 3600 Euro, it results 
from calculations that the depreciation will be made in 12-13 
years if the photovoltaic energy produced per day will be at 
least 15%, the excess of 85% being injected into the national 
grid. But through the AFM program, which represents 
approximately 90% of the investment, for this user, the 
depreciation of the photovoltaic system is done in less than 2 
years in the case of the classic system. In the case of the 
intelligent system, the amortization without subsidies within 
AFM will be achieved in approximately 11 years, and with a 
subsidy of around 1 year. For a given consumption, which in 
the present example is 3461 kWh per year, no matter how 
much we increase the photovoltaic power over a certain value 
(in this case 3kW) the self-consumption does not increase and 
the value increase comes only from the sale of energy. For the 
payment versus the collection to be equal to 0 for a 3kW 
system, the share of energy consumed in photovoltaics should 
be around 30%, which would not be impossible with a classic 
system (it depends on several factors)  
Locally produced energy ensures an increased degree of 
energy resilience, because in case of a lack of voltage at the 
level of the main network, the prosumer can operate 
insularized (similar to the microgrid). The network can be 
relieved of current problems of renewable sources if the 
prosumer controls his production, storage and consumption in 
such a way that he is always seen only as a consumer. The 
digitization of electricity networks, together with the increase 
in the "intelligence" of energy consumption devices - 
enhanced in particular by the development trend of the 
"internet of things"  will gradually lead to an increase in 
automated two-way energy exchanges, between distribution 
networks and active consumption systems. However, there 
are also some risks related to the still insufficiently known 
behavior of such systems, so that their efficient integration in 
the energy markets involves pilot projects and comparative 
studies, in order to learn good practices. 
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