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Abstract. Between 2019 and 2024, the Romanian energy system underwent significant changes driven by
the transition to renewable sources and the increasing number of prosumers. Electricity production from
conventional sources, particularly coal, decreased by approximately 50%, while renewable sources,
including wind, solar, and hydro, accounted for over 60% of total production by 2024. The number of
prosumers increased from 13,874 in 2022 to 203,894 in 2025, with their installed capacity exceeding 2,400
MW, significantly contributing to reduced electricity consumption. This paper presents a case study of an
industrial prosumer equipped with three photovoltaic systems and a diesel generator set. The analysis shows
that locally produced energy can cover between 14% and 99% of monthly consumption, depending on the
season and time of day. The findings highlight that decentralised production and efficient self-consumption
enable the optimisation of energy use and cost reduction. The results confirm that Romania is progressing
towards a sustainable energy model, with effective integration of prosumers and increased use of renewable
energy, thereby enhancing energy security and contributing to national and European decarbonisation
objectives.

1 Introduction

According to the Directive on energy from renewable
sources, adopted in 2018 [1] and updated in November
2023, it has been established that, at the level of the
European Union (EU), 42.5% of gross final energy
consumption must originate from renewable energy
sources by 2030, with a potential increase to 45% [2]. In
2024, the share of renewable sources in gross energy
consumption in the European Union was 25.4%, while
in Romania this share was 25.3%, indicating a slight
decrease compared to 2023 (24.6%) [3].

Based on information derived from the National
Institute of Statistics, in 2024, final electricity
consumption was 1.8% higher compared to the same
period in 2023 [4]. Given that electricity consumption
results in significant expenses, some consumers have
taken measures to reduce costs by transitioning to the
category of prosumers. The prosumer generates
electricity for their own consumption and supplies the
surplus to the grid. In this way, they have partially or
fully secured their electricity needs, and in many cases,
any surplus has been injected into the grid or stored in
battery systems. Consequently, by the end of August
2025, Romania had registered 257,451 prosumers, with
a total installed capacity of 3,021 MW [5], marking a
substantial increase from the 303 prosumers recorded in
2019. For prosumers, it is essential that production
systems are equipped with technology capable of
communicating efficiently, securely, and accurately
with the network equipment, ensuring that the flow of
electricity between the consumer and the grid is
continuously monitored, and that the results are

accessible to both the network operator and the
consumer [6].

It has been observed that the habits and routines of
electricity consumers significantly affect electricity
consumption, and responsible behaviour can lead to a
reduction in associated costs [7]. To decrease electricity
consumption, some industrial consumers have
transitioned to the category of prosumers and, in
addition to utilising renewable resources, have adjusted
their work schedules based on the availability of energy
from renewable sources. This approach has resulted in a
total reduction in electricity costs of up to 25% [8].

This paper provides a comprehensive analysis of the
evolution of electricity production, the structure of
energy sources, and the dynamics of the number of
prosumers from 2019 to 2024, supplemented by a case
study on an industrial prosumer. The case study
examines the electricity consumption of a prosumer
equipped with a hybrid power supply system: a grid
connection, photovoltaic systems of varying capacities,
and a diesel generator set. The analysis revealed that the
photovoltaic system can meet the electricity needs of the
prosumer during the summer months.

2 The evolution of electricity
production and consumption in
Romania (2019-2024)

The analysis used publicly available data from
Transelectrica, accessible in the "Transparency —
Production" section. The information is wupdated
approximately every 60 seconds and includes hourly
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production, categorised by source: coal, hydrocarbons,
water, nuclear, wind, photovoltaic, and biomass [9-11].
Hourly values were aggregated on a monthly and annual
basis, resulting in both total and detailed production
figures by electricity carrier. For the period from 2019
to 2024, the analysis focused on annual values of
internal consumption and the energy balance
(export/import).

For the analysis of prosumers, data published by the
Environmental Fund Administration and the National
Energy Regulatory Authority (ANRE) were used,
covering the number of prosumers and their installed
capacity.Since solid biomass always contains a certain
amount of water, knowing the moisture content is
essential to determine the actual weight of the dry wood
mass and to compare the quality of the biomass used.

2.1 The evolution of electric energy production

Currently, in Romania, energy sources contributing to
electricity production include coal, hydrocarbons, water,
nuclear energy, wind energy, solar energy, and biofuels.
The difference between energy production and
consumption constitutes the balance, which is negative
in cases of energy export and positive when electricity
is imported. Recently, energy storage systems have been
introduced in Romania to store energy generated during

peak periods for use when production is insufficient to
meet consumption demand.

During the period from 2019 to 2024, we processed
hourly data on electricity production, calculated daily,
monthly, and annual outputs, and presented the
evolution of total electricity production, as well as a
breakdown by energy sources, in Table 1. The
aggregated annual data indicate a general decline in total
electricity production from 359,730,365 MW in 2019 to
312,178,485 MW in 2024,

A detailed analysis by source type reveals the
following trends:

* Coal production declined by nearly 50% in 2024
compared to 2019, due to emission reduction policies
and the closure of some outdated capacities (Figure 1.
a);

* Hydroelectric production showed variability,
peaking in 2023 at 111,485,695 MW and reaching a low
in 2022 at 86,177,503 MW;

* Nuclear energy remained relatively stable, with a
slight decline in 2024 (Figure 1. b);

* Wind and photovoltaic energy showed a steady
increase, particularly marked in the last three years,
culminating in 2024 with a 33.47% rise in photovoltaic
production compared to 2019 (Figure 1.b);

* Biomass energy recorded its lowest production in
2023, while its highest output occurred in 2021.

Table 1. The evolution of total power production and the energy sources contributing to this production from 2019 to 2024.

Types of 2019 2020 2021 2022 2023 2024
sources
Coal [MW] 85053970 | 58975092 | 67234907 | 64664539 | 49629753 | 42667929
Hyd[rl‘\’,lcs‘f]b"“s 57212049 | 62374899 | 65724284 | 65078705 | 58261038 | 62793312
Waters [MW] | 96131398 | 94272100 | 106950945 | 86177503 | 111485695 | 86574810
Nuclear [MW] | 69267615 | 70446154 | 69375450 | 68146279 | 68095691 | 66262316
Wind [MW] | 40999408 | 42220278 | 39829205 | 42357246 | 45290092 | 38563154
P h‘};‘,’l‘{,‘;}]‘a“’ 8413832 8230419 7926820 8377275 8827938 12647247
Biomass [MW] | 2652093 2041234 3617079 3455758 2367775 2669717
Total [MW] | 359730365 | 339460176 | 360658690 | 338257305 | 343957982 | 312178485
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Fig. 1. The evolution of power production from: a) coal, hydrocarbons, and water; b) nuclear, wind and photovoltaic resources
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If we consider wind, solar, hydro, and biomass as
renewable sources, their penetration rate in total
consumption increased from 41.2% in 2019 to 48.83%
in 2023. With the growing share of renewable sources,
Romania's energy mix has diversified significantly,
reducing reliance on conventional resources.

2.2 Evolution of electricity consumption

Based on data obtained from Transelectrica and
appropriately processed, the consumption and balance
for each day, month, and year during the analysed period
have been determined. The annual values of power
produced, consumed, and the balance are presented in
Table 2.

Table 2. The evolution of power production, consumption, and balance from 2019 to 2024.

2019 2020 2022 2023 2024
Pr‘[’&‘;fvt]i““ 359730365 | 339460176 | 360658690 | 338257305 | 343957982 | 312178485
C"“[sl\‘;‘{,‘vp]ﬁ”“ 368722337 | 355992426 | 373645332 | 344723056 | 324128873 | 329550481

Sold [MW] 8996323 16539356

12983398 6419979 -19841079 17120680

The analysis shows that 2021 was the most
productive year, while 2023 recorded the highest
electricity export at 19,841,079 MW. The year 2024 is
characterised by a decrease in total production, yet it
maintains a positive balance, suggesting improved
energy efficiency and a better equilibrium between
production and consumption.

3 The evolution of the number of
prosumers in Romania (2019-2024)

In accordance with current legislation, prosumers may
be individuals or legal entities that generate energy for
their own consumption and inject any surplus into the
grid, based on a supply contract [12].
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Fig. 2. The evolution of the number of prosumers from January
2022 to January 2025.

The increase in the number of prosumers has been
driven by subsidies provided through the "Green House
Photovoltaic" program. The number of prosumers rose
from 13874 in 2022 to 257451 by August 2025, marking
a remarkable increase of 1756%. The installed capacity
of prosumers expanded from 88 MW in 2022 to 3021
MW in 2025, surpassing the total installed capacity of
the two nuclear units at Cernavoda [5]. Figure 2 shows
the growth in the number of prosumers from January
2022 to January 2025.

4 Case study: analysis of electricity
production and consumption at an
industrial prosumer

To assess the energy performance of an industrial
prosumer, the installation of a consumer connected to
the three-phase 20 kV network was analysed, powered
by a 250 kVA transformer. The system includes a 360-
kW diesel generator and three independent photovoltaic
systems with capacities of 60 kW, 25 kW, and 40 kW,
which are interconnected and centrally monitored.
According to the Connection Technical Approval, the
power allocated to the industrial consumer is 230 kW.
The system also features a 360-kW synchronous diesel
generator, which ensures operation in emergency mode.
This generator is equipped with an electronic control
and command system, enabling monitoring of the
generator, network, and diesel engine parameters. The
block diagram of the prosumer is shown in Figure 3 [13].
The prosumer can operate autonomously, as a micro-
grid, considering the diesel generator set as a network
that provides synchronization pulses to the inverters.

r
Prosumer

|
|
|
|
|

! Diesel

| |generator set

Fig. 3. Prosumer power supply block diagram.
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For the analysis of electricity production and
consumption, data were collected from the monitoring
system. The data included the monthly energy produced
and consumed by the user, the monthly energy produced
and fed into the grid, and the monthly energy drawn
from the grid. The collected data were analysed for four
different months in 2024 (spring, summer, autumn, and
winter). We denoted the electricity drawn from the
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national supply grid as War, the electricity produced by
photovoltaic systems as WPV, the electricity supplied to
the national supply grid as Wfr, and the electricity
consumed by industrial consumer receivers as Wc. The
results for the four analysed months are presented in
Table 3.

Month War Wpey Wi We
(&kWh) | (kWh) | (kWh) | (kKWh)
January | 20706.74 | 3378.64 | 628.63 | 23456.75
Aprile 9431.12 | 15626.99 | 5634.39 | 19423.72
July 6874.61 | 18738.32 | 6806.78 | 18806.15
October | 1337.72 | 9319.61 | 1884.56 | 20809.77

Table 3. Daily electric energy produced and consumed by the
prosumer in 2024.

It is observed that in January, the photovoltaic
system covers approximately 14.4% of the electricity
consumption, in April about 80.45%, in July 99.63%,
and in October 44.78%. These results highlight the
seasonal efficiency of photovoltaic systems, with peak
performance during the summer months.

5 Conclusions

The analysis of electricity production in Romania from

2019 to 2024 reveals the following key aspects:

- The share of renewable sources (hydropower, wind,
photovoltaic, biomass) has increased significantly,
surpassing 70% of total production on certain days.

- Coal-based production has decreased by nearly 50%
compared to 2019.

- The number of prosumers has grown exponentially
due to funding programs and reduced costs of
photovoltaic equipment.

- For the analyzed industrial prosumer, the
photovoltaic system covered between 14% (in
winter) and 99% (in summer) of electricity demand.

- The integration of hybrid systems (photovoltaic,
diesel generator, and grid) ensures continuity of
supply and reduces energy costs.

The results affirm Romania's significant potential to
maintain its energy balance and align with European
decarbonization objectives by promoting renewable
sources and integrating prosumers into the national grid.
The work will be developed by analyzing various
indicators such as the capacity factor for each source, the
self-consumption rate, the grid dependency index, the
value of CO: emissions recovered, and economic
evaluation.
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