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Abstract: - This work presents an intelligent energy management approach for a connected hybrid system 
composed of photovoltaic (PV) and tidal energy, optimized to supply electricity for the TIMAB Gabes 
industry. The suggested configuration enables various sources to supply power to the load either independently 
or concurrently, contingent upon meteorological conditions. The strategy is based on an optimistic management 
algorithm considering production, prioritized load consumption, and variable electricity tariffs. To do this, we 
first present the modeling of the different sources equipped with the controllers, allowing their production to be 
maximized. In the second part, the energy management algorithm is developed to guarantee a consistent 
allocation of energy transfers between sources, load, and the grid. The manager is finally implemented in the 
MATLAB/Simulink simulator. The assessment of the complete hybrid system's functionality has been 
conducted. The obtained results demonstrate the effectiveness of the system in ensuring reliable operation and 
improving the utilization of renewable energy resources, making it a suitable solution for industrial 
applications. 
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1 Introduction 
The growing demand for sustainable and efficient 
energy solutions has encouraged the development of 
hybrid renewable energy systems. In Tunisia, the 
industrial sector represents a significant portion of 
national electricity consumption. 

To meet some of their electrical needs in the 
absence of a grid, most factories are equipped with 
small thermal or gas power plants. In recent years, 
due to the high cost of electric power generation, 
many factories have begun to widely consider the 
use of hybrid renewable energy sources connected 
to the power grid, [1], [2], [3], [4], [5], [6] .   

Combining different renewable energy sources 
improves the continuity of power supply while 
increasing system autonomy. Various studies have 
investigated hybrid configurations integrating solar, 
wind, hydro, and conventional energy sources. 
Efficient energy management strategies are essential 
to ensure optimal utilization of available resources 
and proper coordination of system operations. 

 In this framework, the proposed management 
strategy operates as an intelligent approach capable 
of prioritizing loads, considering tariff variations, 
and adapting its operation according to 
environmental and system conditions. 

Although rule-based, its adaptive and context-
aware behavior enables real-time smart operation 
under dynamic conditions. 

The aim of this study is to examine energy 
management in multi-source hybrid system 
capabilities. To illustrate the adopted approach, the 
system under investigation includes a photovoltaic 
generator and a hydro turbine. The entire setup is 
tested through simulations in the Matlab/Simulink 
environment, [7], [8]. 

 

 

2 System Overview 
The system integrates photovoltaic and tidal energy 
sources operating in a grid-connected configuration. 
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PV generation consists of an installed capacity of 
800 kWc, organized into four independent units of 
200 kW each. 

 The power output accounts for 
temperature and irradiance (daily and seasonal 
effects), [9].  
 The tidal subsystem has a nominal capacity of 

200 kW and is based on a Permanent Magnet 
Synchronous Generator (PMSG). Its power output is 
proportional to the cube of the tidal current speed, 
which varies with temporal and site-specific 
conditions. 

 Load Profile: Consumption is 
categorized into three prioritized levels:  

- P1 = 840 kW: Production Units.  
- P2 = 150 kW: Shipping Units. 
- P3 = 10 kw: Outdoor Lighting and 

administration. 
 Electric Grid: The system is connected 

to the grid for energy injection or consumption, 
with tariffs that vary by time-of-use [8] .  

The overall architecture of the hybrid PV/tidal 
system is illustrated in Figure 1. 

 

 
Fig. 1: System architecture with intelligent energy 
management  
Source: created by the authors 

 
 

3 Production System Model  
The power delivered by the different energy sources 
depends on several parameters.  

 For the PV generator, the temperature 
T and the irradiation Ir affect the supplied 
power.  
 For the tidal turbine, the power 

supplied depends on the tidal speed Vtidal.  
 

3.1 PV system Model  
In this study, we selected a photovoltaic PV 
generator consisting of 1440 Trina 

Vertex_DE19_555wp PV modules arranged in 72 
parallel branches and 20 modules in series. The 
modules are of the polycrystalline silicon type, 
featuring an efficiency of ηpv=18%.  

 Under standard operating conditions (1000 
W/m2 and 25°C), PV generator provides a power of 
800 kWp. Photovoltaic production varies depending 
on irradiation and temperature. These two variables 
vary depending on the season and solar Position (q). 
This effect simulates the evolution of solar 
irradiance incident on a horizontal or inclined 
surface over the course of a typical day of each 
month, taking into account: 

The day length varies throughout the year 
depending on the month. 

  irradiance amplitude exhibits seasonal 
variations, with higher levels during 
summer.The position of the sun in the sky 
(hourly solar angle).  

 The day length Lday(m), expressed in hours, is 
approximated using a sinusoidal function of the 
month m ∈ [1,12]: 

 𝐿𝑑𝑎𝑦(𝑚) = 10 + 4. sin⁡(
2𝜋(𝑚−6)

12
)         (1) 

 
The duration of daylight ranges from 

approximately 10 hours in winter (December–
January) to 14 hours in summer (June–July).This 
formulation aligns longer days with the summer 
period. The sunrise and sunset times are derived 
from the calculated day length: 

ℎ𝑠𝑢𝑛𝑟𝑖𝑠𝑒 = 12 −
𝐿𝑑𝑎𝑦(𝑚)

2
, ℎ𝑠𝑢𝑛𝑠𝑒𝑡 = 12 +

𝐿𝑑𝑎𝑦(𝑚)

2
           

(2) 
 
A solar noon is assumed at 12 PM.The apparent 

solar angle q(t) is modeled as a sinusoidal function 
defined between sunrise and sunset.Let us consider:  

𝜃𝑠𝑢𝑛(𝑡) = 𝜋.
𝑡 − ℎ𝑠𝑢𝑛𝑟𝑖𝑠𝑒

ℎ𝑠𝑢𝑛𝑠𝑒𝑡 − ℎ𝑠𝑢𝑛𝑟𝑖𝑠𝑒
⁡𝑖𝑓⁡ℎ𝑠𝑢𝑛𝑟𝑖𝑠𝑒 ≤ 𝑡

≤ ℎ𝑠𝑢𝑛𝑠𝑒𝑡 ⁡⁡⁡⁡⁡⁡⁡ 
(3) 

 
This ensures a gradual variation in the height of 

the sun in the sky.   
The maximum irradiance amplitude (in kW/m²) 

varies monthly, reaching higher values during the 
summer period: 

𝐴𝑠𝑒𝑎𝑠𝑜𝑛(𝑚) = 1 + 0,3. cos (
2𝜋(𝑚−6)

12
)     (4) 

 
Typical values range from approximately 1.3 

kW/m² in June–July to about 0.7 kW/m² in 
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December–January.The global irradiance incident 
on the PV surface is therefore expressed as: 

 

{
𝐺(𝑡,𝑚) = 𝐴𝑠𝑒𝑎𝑠𝑜𝑛(𝑚). sin 𝜃 ⁡⁡𝑖𝑓⁡⁡𝑡𝜖[ℎ𝑠𝑢𝑛𝑠𝑒𝑡, ℎ𝑠𝑢𝑛𝑟𝑖𝑠𝑒]

𝐺(𝑡,𝑚) = 0⁡⁡𝑎𝑡⁡𝑛𝑖𝑔ℎ𝑡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡
   

(5) 
 
To account for all these influences, we used the 

Fuentes mathematical model to evaluate the output 
power of the photovoltaic generator, represented by 
the following equation, [9], [10], [11]:  

 
𝑃𝑃𝑉(𝑡) = 𝑃𝑃𝑉−𝑟𝑒𝑓 . 𝐺(𝑡,𝑚). [1 − 𝛾(𝑇(𝑡) −

𝑇𝑟𝑒𝑓)]  
(6)     

 
where: 
- 𝑃𝑃𝑉−𝑟𝑒𝑓 represents the reference of output 
power at (1000 W/m2 and 25°C).  
-  is the temperature influence coefficient on 
PV power, assumed to be constant, with a value for 
silicon cells that falls within the range of (0.0035 to 
0.0050) °C-1.  
Т represents the cell junction temperature (in °C), 
with a reference value of 25°C. 

 
Under standard test conditions (STC), the PV 

system operates at Vmpp = 636 V and Impp = 
1256.4 A. 

 
The peak power is approximately Pmpp=800 kWc.  
 
The current–voltage and power–voltage 

characteristics of the PV generator under varying 
temperature and irradiance are shown in Figure 2. 

 

 
Fig. 2: I-V and P-V characteristics of the PV 
generator with irradiation and temperature variation 
Source: created by the authors 

 
 
 

3.2 Tidal System Model  
In this study, we examined a tidal system linked to a 
permanent magnet synchronous generator. The 
power potential of tidal currents can be derived 
using the same formula applicable to wind energy 
systems, [12], [13], [14].  

       𝑃𝑡𝑖𝑑 = 0,5. 𝜌. 𝜋. 𝑅2. 𝐶𝑝(𝜆, 𝛽). 𝑉𝑡
3(𝑡)      (7) 

 
where:  
𝜌 is the sea water density approximately equal to 
1025 kg/ m3, R is the radius of the blades of the 
hydro turbine (m2), Vt is the tidal current speed 
(varies with time and region) and Cp is the power 
coefficient.  

 
The power coefficient CP (β, λ) (Figure 3), is a 

nonlinear function of the tip speed ratio l and the 
pitch angle b given by:  

𝐶𝑝(𝜆, 𝛽) = 0,5176 (
116

𝜆𝑖
− 0,4. 𝛽 − 5) 𝑒

−(
21

𝜆𝑖
)
+

0,0068. 𝜆      
(8) 

 
where: 

 1
𝜆𝑖
=

1

𝜆+0,008𝛽
−

0,035

𝛽3+1
⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(9) 

 
The nonlinear variation of the power coefficient 

Cp with the tip speed ratio and pitch angle is shown 
in Figure 3. 

 

 
Fig. 3: Typical CP versus (𝜆, 𝛽) curve  
Source: created by the authors 

 

The Tip Speed Ratio (TSR) is defined as:  
    𝜆 = 𝑅𝛺𝑡

𝑉𝑡
⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(10) 

 
From the relations (7), (8) and (10), the 

mechanical power of the turbine can be expressed 
by:  

 

          𝑃ℎ𝑦𝑑 =
1

2.𝜆3
. 𝜌. 𝜋. 𝐶𝑝. 𝑅

5. 𝛺𝑡
3                    (11) 

WSEAS TRANSACTIONS on POWER SYSTEMS 
DOI: 10.37394/232016.2026.21.5 Hazem Zribi, Aicha Abid, Mouna Ben Hamed 

E-ISSN: 2224-350X 47 Volume 21, 2026



The relationship between the turbine power and 
tidal speed at maximum output power (Figure 4) is 
given by:   

𝑃ℎ𝑦𝑑−𝑚𝑎𝑥 = [
1

2. 𝜆3𝑜𝑝𝑡
. 𝜌. 𝜋. 𝐶𝑝𝑜𝑝𝑡 . 𝑅

5] 𝛺𝑡
3

= 𝑘𝑜𝑝𝑡𝛺𝑡
3⁡⁡ 

(12) 
  
Figure 4 shows the relationship between the 

mechanical power of the tidal turbine and its 
rotational speed. 

 

 
Fig. 4: Turbine power vs mechanical angular 
velocity characteristic 
Source: created by the authors 

 
 

4 Optimistic Energy Management 

 Algorithm  

  
4.1 Methodology  
The conditional rules of the deterministic energy 
manager take into account:   

The excess of generated energy, defined as the 
difference between production and consumption, 

The operating period (off-peak, normal, and 
peak) 

 The purchase and sale price of 
kWh,  
 The profitability threshold for 

injecting or consuming from the grid.   
 
For a production plant, such as the TIMAB 

Gabès company (chemical industry, high energy 
consumption), the definition of time periods (off-
peak, normal, peak) must consider:   

1. The industrial pricing profile of STEG 
(electricity supplier in Tunisia)   

2. The periods of high activity within the factory 
(shift work, maintenance, etc.)   

3. The cost of energy during peak periods, which 
is often higher.  

The definition of industrial time periods is 
generally based on the tariff ranges of STEG. The 
following table provides the different periods and 
the corresponding time ranges:  

 
Table 1. Definition of Industrial Time Periods  

Period  Hours  Description  

Off-Peak  
22h00 – 
06h00  

Low rates, often utilized for 
starting heavy machinery  

Normal  06h00 – 
17h00  

Continuous activity, standard 
production  

Peak  
17h00 – 
22h00  

Critical period, high rates, often to 
be avoided  

Source: created by the authors 

 

4.2 Load Priority Strategy   
The algorithm allocates available energy according 
to load priority:  

 If: 𝑃𝑝𝑟𝑜𝑑(𝑡) ≥ (𝑃1 + 𝑃2 + 𝑃3) All 
loads are satisfied, then inject the surplus into 
grid  
 else:   

- Priority 1 (P1) is always supplied first.  
- Then Priority 2 (P2), if sufficient 

energy remains.  
- Lastly, Priority 3 (P3), only if surplus is 

available.  
Where:   

          𝑃𝑙𝑜𝑎𝑑(𝑡) = 𝑃1(𝑡) + 𝑃2(𝑡) + 𝑃3(𝑡)⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡ 
(13) 

  
4.3  Energy Manager Conditional Rules   
The conditional rules for a deterministic manager in 
an industrial production facility such as TIMAB 
Gabes must consider:   

 The STEG tariff ranges (off-peak / 
normal / peak). 
 Production priorities (continuous, 

flexible).  
 Possible solar self-consumption,   
 Critical vs. non-critical loads. 

 
The input variables for the deterministic manager 
are:  

1.Hybrid production (PV / Tidal): 
 𝑃𝑝𝑟𝑜𝑑(𝑡) = 𝑃𝑝𝑣(𝑡) + 𝑃𝑡𝑖𝑑(𝑡)               (14) 

2.Factory consumption: 
𝑃𝑙𝑜𝑎𝑑(𝑡) = 𝑃1(𝑡) + 𝑃2(𝑡) + 𝑃3(𝑡)            (15) 

3.Time period: Off-peak / Normal / Peak.   
 

The output actions (energy strategy) are:  
1. Inject (surplus to the grid)   
2. Self-consume (prioritize internal use)   
3. Reduce non-critical loads (if energy is 

expensive and voltage is critical)  
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The following table illustrates the conditional 
rules of the manager.  

The optimistic strategy presumes the most 
favorable availability of renewable resources and 
the flexibility of the grid. The algorithm functions in 
the following manner:  

 Calculate total available powers:  
 𝑃𝑝𝑟𝑜𝑑(𝑡) = 𝑃𝑝𝑣(𝑡) + 𝑃𝑡𝑖𝑑(𝑡)⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡(16) 

 
The available power is compared with the 

demand thresholds (P1, P2, P3). 
The electricity tariff period is then identified as 

follows: 
- 'Night': low cost  
- 'Day': normal rate  
- 'Summer Peak': highest rate  
- 'Winter Peak': intermediate rate  
 Decision logic:   

- If 𝑃𝑝𝑟𝑜𝑑(𝑡) > 𝑃𝑐𝑜𝑛𝑠(𝑡), consume 
locally and inject surplus if the grid allows.  

- If 𝑃𝑝𝑟𝑜𝑑(𝑡) < 𝑃𝑐𝑜𝑛𝑠(𝑡), supplement 
from the grid considering cost-efficiency:  

- Prefer local production during peak 
periods.  

- Purchase during low-cost periods (e.g., 
night).  

- Decision taking into account tariffs 
 
The tariff periods used in the decision logic 

(‘Night’, ‘Day’, ‘Summer Peak’, and ‘Winter Peak’) 
correspond to the industrial STEG time-of-use 
classification presented in Table 1. Specifically, the 
‘Night’ period coincides with the Off-Peak range 
(22:00–06:00), the ‘Day’ period corresponds to the 
Normal range (06:00–17:00), while the ‘Summer 
Peak’ and ‘Winter Peak’ periods represent seasonal 
distinctions of the Peak range (17:00–22:00) 
according to electricity pricing policies. 

The extraction of energy from the grid may be 
restricted according to the prices of kWh purchases.  

The tariff-aware decision rules associated with 
the proposed energy management strategy are 
summarized in Table 2. 

 
Table 2. Tariff-Aware Decision Table 

Period  Injection condition  Grid usage condition  
Night  If surplus > 200 kW  Allowed (low price)  

Day  Inject if surplus > 200 
kW  

Limited if  
  𝑃𝑝𝑟𝑜𝑑(𝑡) < 𝑃1(𝑡) 

Summer 
Peak  Inject all surplus  Minimize usage (very 

high rate)  
Winter 
Peak  

Inject only if 
excess high  Moderate grid use  

Source: created by the authors 

 

The detailed flowchart of the proposed 
deterministic energy management algorithm is 
presented in Figure 5. 

 

 
Fig. 5: Flowchart of the deterministic management 
algorithm 
Source: created by the authors 

 

 

5 Deterministic Operation Scenarios  

 
5.1 Scenario 1: Full Renewable Supply 

 (High Solar + High Tidal) and High 

 consumption  
- Time: Summer midday (high irradiance and 

tidal peak)  
- 𝑃𝑝𝑣 = 800𝑘𝑊, 𝑃𝑡𝑖𝑑 = 200𝑘𝑊 ⟶ 𝑃𝑝𝑟𝑜𝑑 =

1000𝑘𝑊 
- Load requirement: P1 + P2 + P3 = 1000 kW  
- Grid is used minimally to supply the remaining 

50 kW, as tariffs are moderate during the day. 
 
The daily meteorological variations used in 

Scenario 1 are shown in Figure 6.  
 

 
Fig. 6: Evolution of daily average metrological 
quantities (1st scenario) 
Source: created by the authors. 

 
The monthly evolution of production and load 

for Scenario 1 is presented in Figure 7. 
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Fig. 7: Evolution of monthly production and load 
(1st scenario)  
Source: created by the authors 

 
 The dynamic behavior of the hybrid system over 

a typical day is presented in Figure 8. 
 

 
Fig. 8: Evolution of daily production vs load, 
production PV/Tidal, Power of grid, and state of 
load (1st scenario)  
Source: created by the authors 

 

 The monthly and annual energy exchanges with 
the grid are presented in Figure 9a and Figure 9b, 
respectively. 

 

 
Fig. 9a: Monthly injected and drawn Energy (1st 
scenario) 
Source: created by the authors 

 

 
Fig. 9b: Annual injected and drawn Energy (1st 
scenario) 
Source: created by the authors 

 
The results shown in Figure 6 and Figure 9 

indicate that power generation follows the expected 
solar profile, with a peak around midday. Maximum 
production is observed during the summer period 
(May–August), while lower values occur in winter 
(December–February) due to reduced irradiance 
levels. The load remains relatively stable, typically 
ranging between 600 and 900 kW, which reflects 
the characteristics of an industrial consumption 
profile. 

A slight increase in load demand is observed 
during the summer period, which may be associated 
with higher industrial activity or cooling 
requirements. In terms of the production–demand 
balance, several months (January, February, 
November, and December) show that production 
remains below demand, leading to increased 
dependence on the grid. 

Regarding the variability of production, it is 
observed that cloudy days or low tide periods can be 
indicated by dips in the red curve. This reflects a 
more pronounced daily fluctuation compared to the 
load, highlighting the importance of enhancing the 
intelligent manager.  

In conclusion, it can be asserted that the system 
operates in an optimized manner. It first addresses 
the priority loads (P1), and subsequently activates 
the secondary loads if production or pricing allows. 
It is also observed that summer is conducive to 
autonomy (production > load), resulting in a net 
injection into the grid.  

Conversely, during winter, the installation 
remains heavily reliant on the grid, particularly in 
instances of low solar production.  

Scenario 2: High renewable production 
(maximum PV and high tidal) with reduced load 
demand 
- 𝑃𝑝𝑣 = 800𝑘𝑊, 𝑃𝑡𝑖𝑑 = 200𝑘𝑊 ⟶

𝑃𝑝𝑟𝑜𝑑 = 1000𝑘𝑊   
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The total demand of the three loads (P1, P2, and 
P3) is reduced to 500 kW. 

Figure 10 illustrates the monthly variation of 
production and load for Scenario 2. 

 

 
Fig. 10: Evolution of monthly production and load 
(2nd scenario)  
Source: created by the authors 

 
 The daily profiles of power generation and 

consumption for Scenario 2 are presented in Figure 
11. 

 

 
Fig. 11: Evolution of daily production vs load, 
production PV/Tidal, Power of grid and state of load 
(2nd scenario) 
Source: created by the authors 

 
The corresponding monthly and annual energy 

exchanges with the grid are presented in Figure 12a 
and Figure 12b. 

 

Fig. 12a: Monthly Injected and Drawn Energy (2nd 
scenario)   
Source: created by the authors 

 

 
Fig. 12b: Annual injected and drawn energy (2nd 
scenario)  
Source: created by the authors 

 
In this scenario, the system generates more 

energy than is required. The reduced demand means 
that half of the production is fed into the gridIn this 
configuration, the energy demand is fully supplied 
by renewable sources without requiring grid support 
for local consumption. 

These results confirm the feasibility of a fully 
renewable supply, while highlighting the need for 
better matching between production and 
consumption levels. 

 
5.2 Scenario 3: Deficit Period (High Solar + 

 Tidal turbine broken down) 
- Time: Early morning winter (low irradiance and 

high tide)  
- 𝑃𝑝𝑣 = 800𝑘𝑊, 𝑃𝑡𝑖𝑑 = 0𝑘𝑊 ⟶ 𝑃𝑝𝑟𝑜𝑑 =

800𝑘𝑊  
- Load requirement: P1 + P2 + P3 = 1000 kW  

 
The daily meteorological parameters for 

Scenario 3 are shown in Figure 13. 
 

 
Fig. 13: Evolution of daily average metrological 
quantities (3st scenario)  
Source: created by the authors 

 
The monthly behavior of production and load for 

Scenario 3 is illustrated in Figure 14 
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Fig. 14: Evolution of monthly production and load 
(3rd scenario)  
Source: created by the authors 

 
The daily comparison of renewable generation, 

load, and grid power in Scenario 3 is presented in 
Figure 15. 

 

 
Fig. 15. Evolution of daily production vs load, 
production PV/Tidal, Power of grid, and state of 
load (3rd scenario) 
Source: created by the authors 

 
The monthly and annual injected and drawn 

energies for Scenario 3 are shown in Figure 16a and 
Figure 16b. 

 

 
Fig. 16a: Monthly injected and drawn energy (3rd 
scenario)  
Source: created by the authors 

 

 
Fig. 16b: Annual injected and drawn energy (3rd 
scenario)   
Source: created by the authors 

 
 In this scenario, the system operates under an 

energy deficit despite the high installed solar 
capacity. 

The outage of the hydrokinetic turbine highlights 
a system vulnerability and results in increased 
dependence on the grid. 

The energy management strategy prioritizes 
critical loads (P1) while reducing secondary loads to 
maintain system stability. 

 
 

6 Conclusion 
This article presents a smart energy management 
strategy tailored for hybrid renewable systems that 
combine photovoltaic (PV) sources and 
hydropower, without relying on energy storage.  

The proposed strategy is based on an optimistic 
deterministic control logic, which allows for:   

- Prioritizing internal consumption based 
on the significance of loads (production units, 
logistics, administrative services),   

- Dynamically adapting to the daily and 
seasonal variability of renewable production 
(solar irradiation, tides),   

- Considering hourly electricity rates, 
avoiding consumption during peak periods, and 
favoring injection or network support during 
off-peak hours.   

   
The optimistic philosophy of the algorithm aims 

to maximize the self-consumption of available green 
energy. It intelligently activates loads based on 
renewable production while reducing dependence 
on the grid, particularly during high-cost periods.       
Even under production deficit conditions, such as 
low irradiance periods or turbine outages, the 
strategy ensures the continuity of priority loads 
through controlled use of grid support. 
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   The proposed approach provides a practical 
and scalable solution for energy management in 
industrial applications based on renewable sources, 
particularly in the absence of storage systems. It 
promotes efficient use of renewable energy while 
ensuring reliable interaction with the grid. Although 
based on deterministic rules, the strategy adapts to 
variations in renewable generation and tariff 
conditions. Future developments will focus on 
improving system performance by integrating 
advanced control techniques such as fuzzy logic, 
reinforcement learning, or model predictive control. 
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