
              Journal of Applied Dynamic Systems and Control, Vol.8, No.4, 2025: 1-9                               |     1 
 

 

Optimal Management of a Multi-multi-energy hub 
with Efficient Utilization of Storage Systems 

 
Mohammad-Mehdi Mohammadi-Zaferani1, Reza Ebrahimi*2, Mahmood Ghanbari3 

 

 

Abstract – This paper proposes an optimal management framework for a grid-connected multi-energy hub (MEH), 
integrating Combined Heat and Power (CHP), Electric Heat Pump (EHP), Electrical Energy Storage System (ESS), and 
Heat Storage System (HSS). The MEH serves as a critical node, converting and storing energy from electricity and 
natural gas networks to meet electrical, heating, and cooling demands efficiently. A novel mathematical model of the 
MEH is formulated, moving beyond traditional linear coupling matrices to incorporate practical operational constraints 
and the impact of equipment degradation on system economics. The core of the study is a Mixed-Integer Nonlinear 
Programming (MINLP) optimization problem, solved using the Particle Swarm Optimization (PSO) algorithm in 
MATLAB. The objective is to minimize total daily operational costs, which include expenses for purchasing electricity 
and natural gas, as well as a novel cost term representing the daily economic loss due to battery lifetime degradation 
within the ESS. This degradation is meticulously modeled by relating the Depth of Discharge (DOD) to the battery's 
cyclic lifespan. The model enforces comprehensive constraints, including energy balance, device capacities, storage 
dynamics, and the operational limits of all components. Simulation results, based on the 24-hour load profile of a 
university residence, demonstrate the superior performance of the proposed model. Compared to a conventional MEH 
model and a traditional separated energy system, the proposed framework achieves significantly lower operational costs. 
It enables intelligent scheduling: purchasing cheap grid electricity for storage, utilizing the CHP efficiently, and 
leveraging the EHP and storage systems to shave peak loads and shift consumption. A detailed comparative analysis 
shows the optimized system reduces electrical, cooling, and heating power generation peaks effectively. Furthermore, 
the study provides key insights into battery management, revealing that while the maximum allowed DOD has a minor 
impact on the calculated battery lifespan within the optimization horizon, it significantly influences the achievable 
operational cost. The optimized system also demonstrates a consistent 10-15% reduction in operational costs compared 
to a non-optimized baseline, validating the economic benefit of the integrated, lifespan-aware management strategy. In 
conclusion, this research presents a realistic and cost-effective MEH model that enhances energy flexibility, grid 
stability, and economic efficiency by co-optimizing energy dispatch and storage system longevity. 
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1. Introduction 
 

In recent years, the growing demand for cleaner and 
more efficient energy utilization has drawn significant 
attention to the development of multi-energy interconnected 
networks (MEINs). Within this context, the multi-energy 
hub (MEH) has emerged as an essential component, 
facilitating the integration of various energy conversion 
technologies (such as photovoltaic systems, wind farms, 
and combined heat and power (CHP) systems), storage 

equipment (including batteries, supercapacitors, and 
thermal energy storage systems), and diverse energy 
demands. This integration leads to improved flexibility, 
reliability, and efficiency         [1-4].Research on MEH 
models has primarily focused on achieving optimal 
performance under different load conditions within the 
MEIN [5,6]. The common MEH modeling approach divides 
internal equipment into two groups: energy conversion 
equipment and energy storage equipment [7-9]. For 
example, in [10], four types of energy inputs electricity, 
natural gas, local heat, and wood chips enter the MEH. 
After undergoing various internal conversion processes, 
they supply the required electrical, cooling, and heating 
power to consumers. However, this model does not 
consider energy recovery equipment. Without the use of 
devices like heat pumps or heaters, only primary energy is 
converted into consumed energy, and surplus energy is 
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stored in energy storage equipment. In contrast, the study in 
[11] considers the use of energy recovery equipment, such 
as an electric heat pump (EHP), but the electricity required 
for this equipment is supplied either from the main grid or 
from an electrical energy storage system (ESS). 
Furthermore, the surplus electricity generated by the CHP 
must first be stored in the ESS before it can be used, which 
reduces the overall system efficiency .In recent years, with 
technological advancements, energy storage equipment has 
played a crucial role in managing peak loads. Optimizing 
the performance of ESS, particularly by considering battery 
life analysis, has become a significant area of research [12-
14]. however , a model that simultaneously optimizes the 
ESS within the framework of an MEH has been lacking in 
previous studies. Based on this, the present research 
introduces and models an operational framework for an 
MEH that utilizes primary energy converters, energy 
recovery equipment, and electrical and thermal storage 
systems to improve the flexibility and efficiency of energy 
delivery points. A mathematical model is developed as a 
mixed-integer nonlinear programming (MINLP) problem 
with the objective of minimizing operational costs, 
including the cost of purchasing energy from the grid and 
natural gas, as well as the daily cost of energy storage 
degradation. Finally, the performance of the proposed 
method is demonstrated by comparing its results with those 
of previous methods. The optimization problems are solved 
using MATLAB programming language and the PSO 
(Particle Swarm Optimization) algorithm to validate the 
proposed model. 

 
2. Multi-energy hub Structure and Modeling 
2.1 System Structure 
 

The structure of the multi-energy hub, along with its 
control infrastructure, is shown in Figure 1. This system 
comprises input and output ports for energy carriers, 
primary and recovery energy conversion equipment, as well 
as energy storage systems. The multi-energy hub has the 
capability to purchase electricity and natural gas from the 
respective grids. The main components of this multi-energy 
hub are: a Combined Heat and Power (CHP) system, an 
Electric Heat Pump (EHP), an Electrical Energy Storage 
System (ESS), and a Heat Storage System (HSS).The CHP 
unit consumes natural gas to simultaneously generate 
electricity and heat. The MEHP acts as a supplementary 
heating source and can be powered by the CHP, the ESS, or 
directly from the grid. Additionally, the EHP can also meet 
cooling demands. The ESS and HSS are used to store 
surplus electrical and thermal energy, respectively. More 

detailed explanations of the parameters presented in the 
figure will be provided in the next section. Given the 
importance of these components within the multi-energy 
hub, comprehensive studies on how to optimally utilize 
them to improve hub performance have not yet been 
conducted. 

 
 

Figure 1. The proposed multi-energy hub structure 
 
2.2 System Modeling 
 

Based on the method presented in [3], the energy 
conversion process within an multi-energy hub (MEH) can 
be expressed using a coupling matrix, as shown in Equation 
(1). 
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Here, P (1,…,m) represents the input energy carriers and 
L(1,…,n) represents the output energy carriers. 
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In this formulation (Equation 2), the output energies 
௧௘ܮ 	, ௧௖ܮ 	, ௧௛ܮ  represent the demands for electricity, cooling, 
and heating, respectively. The input energies ௧ܲ

ோ்,௘ and 

௧ܲ
ோ்,௚  are supplied from the electricity grid and the 

natural gas network, respectively .The parameters 
௘஼ு௉ߟ 	, ௛஼ு௉ߟ , ௖ாு௉ߟ and ߟ௛ாு௉  denote the energy 
conversion efficiencies for the Combined Heat and Power 
(CHP) unit and the Electric Heat Pump (EHP), where the 
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subscript indicates the type of output energy for each device. 
The parameter ߣாு௉  specifies the electrical power 
distribution ratio in the EHP. The charge and discharge 
powers of the Electrical Energy Storage System (ESS) are 
represented by ௧ܲ

ாௌௌ,ௗ௜௦  and ௧ܲ
ாௌௌ,௖௛ , respectively. 

Similarly, the input and output powers of the Heat Storage 
System (HSS) are denoted by ௧ܲ

ுௌௌ,௜௡  and ௧ܲ
ுௌௌ,௢௨௧ , 

respectively. 

 

2.3 Combined Heat and Power (CHP) Unit 

The Combined Heat and Power (CHP) unit is a key 
component in the multi-energy hub structure. It uses natural 
gas to simultaneously generate electrical and thermal 
energy. By increasing the overall system efficiency and 
reducing energy waste, this unit plays a crucial role in 
energy productivity. In the mathematical modeling, the 
electrical and thermal power generated by the CHP is 
defined as follows: 

௧ܲ
஼ு௉,௘ = ௘஼ு௉ߟ . ௧ܲ

஼ு௉  (3) 

௧ܲ
஼ு௉,௛ = ௛஼ு௉ߟ . ௧ܲ

஼ு௉  (4) 

  
t power to the CHP unit at time t, while ௧ܲ

஼ு௉,௛  and 

௧ܲ
஼ு௉,௘ are the heat and electric output powers, respectively. 

The parameters ߟ௛஼ு௉  and ߟ௘஼ு௉  represent the electrical 
and thermal efficiencies of the CHP unit. Using a CHP unit 
helps reduce energy costs, increase energy security, and 
decrease pollutant emissions. Its high adaptability makes it 
a suitable option for implementation in multi-carrier multi-
energy hubs. In real-world conditions, the sum of these two 
efficiencies is typically less than 1 (Equation 5), as some 
energy is lost within the system as waste heat, mechanical 
friction, or other forms. 

௘஼ு௉ߟ + ௛஼ு௉ߟ < 1                              (5) 
 
2.4 Electrical Energy Storage System (ESS) 

The Electrical Energy Storage System (ESS) plays a 
crucial role in balancing energy supply and demand by 
storing and retrieving energy at different times. The energy 
stored at each time interval, considering charging and 
discharging efficiency, is modeled as follows: 

௧ாௌௌܧ = ௧ିଵாௌௌܧ + ௖ߟ . ௧ܲ
஼ு − ௉೟

೏೔ೞ

ఎ೏
                 (6) 

 
In equation (6), ܧ௧ாௌௌis the energy stored at time t, ௧ܲ

ௗ௜௦ 

and ௧ܲ
஼ு  are the battery's output (discharge) and input 

(charge) powers, respectively, and ߟௗ  and ߟ௖  are the 
discharge and charge efficiencies of the battery. The ESS is 
considered a vital component in multi-energy hubs because 
it minimizes the cost of energy purchased from the grid and 
increases the operational flexibility of the energy system. 

2.5 Electric Heat Pump (EHP) 

The Electric Heat Pump (EHP) is a key piece of 
equipment in multi-energy hubs, capable of converting 
electrical energy into either thermal energy or cooling. 
These systems use a thermodynamic mechanism, and 
depending on their operation, they can either absorb heat 
from the environment and transfer it to a desired space (for 
heating) or do the reverse (for cooling). Using an EHP in an 
multi-energy hub structure reduces reliance on fossil fuels 
for heating and cooling. When combined with renewable 
sources like PV (photovoltaic) systems, it improves the 
system's environmental performance. It also allows for 
flexibility in energy consumption and helps meet 
heating/cooling demands at a lower cost. 

2.6 Heat Storage System (HSS) 

The HSS increases the flexibility and reduces the 
operational costs of the multi-energy hub by storing thermal 
energy produced during off-peak hours and retrieving it 
during peak hours. The equation for modeling the stored 
thermal energy is as follows: 

௧ுௌௌܧ = ௧ିଵுௌௌܧ + ௖௛ுௌௌߟ . ௧ܲ
஼ு − ௉೟

೏೔ೞ

ఎ೏
ಹೄೄ              (7) 

 
In equation (7) , ܧ௧ுௌௌ  is the amount of stored thermal 

energy at time t (kWh), ௧ܲ
ௗ௜௦  and ௧ܲ

஼ு  are the input 
powers for thermal discharge and charge at time t (kWh), 
and ߟௗுௌௌ  and ߟ௖௛ுௌௌ represent the thermal charge and 
discharge efficiencies. This system improves thermal 
management and reduces energy waste. 

2.7 System Operation 
2.7.1 Objective Function 

Within the proposed framework, it's important to note 
that this model is designed for small-scale applications. 
Optimizing the performance of small-scale multi-energy 
hubs is of greater importance compared to large-scale 
systems. Accordingly, the objective function of the 
proposed model is defined to minimize the total operational 
costs resulting from the purchase of electricity and natural 
gas, expressed as follows: 

minݐݏ݋ܥ = ∑ (௧ ௘ோ்ܥ . ௧ܲ
ோ்,௘ + .௚ோ்ܥ ௧ܲ

ோ்,௚) + ܿ௟௢௦௦    (8) 
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Here, ܥ௘ோ்  and ܥ௚ோ்  represent the unit prices of 
electricity and natural gas, respectively. The input energies 

௧ܲ
ோ்,௘  and ௧ܲ

ோ்,௚  are supplied by the electrical grid 
and the natural gas network, respectively. The term ܿ௟௢௦௦  
also expresses the daily cost resulting from energy losses in 
the storage systems, which will be explained in detail in the 
next section 
2.7.2 Constraints 

Typically, the constraints in a model include load 
requirements, power balance, system capacity, and 
limitations related to energy storage equipment. 

Since the load constraint has been explained previously and 
the variables of other equipment do not directly affect this 
constraint, this section focuses specifically on energy 
conversion constraints and those related to energy storage 
systems. The operational foundation of the multi-energy 
hub model relies on the ability to control the flow of the 
Electric Heat Pump (EHP) device. The constraint related to 
this control variable is presented in Equation (9). 

0 ≤ ௧,ாு௉ߣ ≤ 1                                 (9)   
  

In the proposed model, the constraints for energy 
storage equipment involve managing two types of energy. 
Taking electrical power as an example, the amount of stored 
electrical energy, ܧ௧ாௌௌ, depends on the charging power, 
discharging power, and the stored energy from the previous 
time interval, as expressed in Equation (10).The energy 
losses, ܧ௧௟௢௦௦ , that occur during the charging and 
discharging processes are accounted for in Equation (11). 
Storage capacity constraints are also considered in Equation 
(12), where ܧெ௜௡ாௌௌ and ܧெ௔௫ாௌௌ  represent the minimum and 
maximum allowable energy levels in the electrical storage 
system, respectively. The initial state of the stored energy is 
specified in Equation (13). Furthermore, the constraints 
related to the permissible charging and discharging rates are 
defined in Equations (14) and (15). 

௧ாௌௌܧ = ௧ିଵாௌௌܧ + ௧௖௛ܧ − ௧ௗ௜௦ܧ −  ௧௟௢௦௦ (10)ܧ

௧௟௢௦௦ܧ ாௌௌߟ	= .  ௧ாௌௌ (11)ܧ

଴ாௌௌܧ =  ெ௜௡ாௌௌ (12)ܧ

ெ௜௡ாௌௌܧ ≤ ௧ாௌௌܧ ≤ ெ௔௫ாௌௌܧ  (13) 

0 ≤ ௧ாௌௌ.௖௛ܧ ≤  ெ௔௫ாௌௌ.௖௛ (14)ܧ

0 ≤ ௧ாௌௌ.ௗ௜௦ܧ ≤  ெ௔௫ாௌௌ.ௗ௜௦ (15)ܧ

Similarly, the heat storage system has the following 

constraints: 

௧ாௌௌܧ = ௧ିଵாௌௌܧ + ௧௖௛ܧ − ௧ௗ௜௦ܧ −  ௧௟௢௦௦ (16)ܧ

௧௟௢௦௦ܧ ாௌௌߟ	= .  ௧ாௌௌ (17)ܧ

଴ாௌௌܧ =  ெ௜௡ாௌௌ (18)ܧ

ெ௜௡ܧ
ாௌௌ ≤ ௧ாௌௌܧ ≤ ெ௔௫ாௌௌܧ  (19) 

0 ≤ ௧ாௌௌ.௖௛ܧ ≤ ெ௔௫ாௌௌ.௖௛ܧ  (20) 

0 ≤ ௧ாௌௌ.ௗ௜௦ܧ ≤  ெ௔௫ாௌௌ.ௗ௜௦ (21)ܧ

 
In the proposed model, the constraints for the thermal 

storage equipment, similar to the electrical storage systems, 
cover several aspects of the system's operation. The amount 
of stored thermal energy, ܪ௧ுௌௌ , at time interval t, depends 
on the stored energy from the previous interval, the input 
energy ܧ௧௜௡, the output energy ܧ௧௢௨௧ 	, and thermal losses 
௧௟௢௦௦ܧ , as expressed in Equation (16). The energy loss that 
occurs during the heat storage and retrieval process is 
proportional to the amount of energy within the tank during 
that same time interval and is modeled in Equation (17) 
using the thermal loss coefficient, ߟுௌௌ . The constraints on 
the thermal storage capacity are included in Equation (18), 
where the values ܧெ௜௡ாௌௌ and ܧெ௔௫ாௌௌ  specify the minimum 
and maximum allowable storable energy in the thermal 
system, respectively. The initial condition of the system, 
which represents the amount of stored thermal energy at the 
beginning of the operational period, is defined in Equation 
(19) and is typically considered equal to the minimum 
capacity. Furthermore, constraints related to the permissible 
rates of thermal energy input and output are specified in 
Equations (20) and (21), ensuring that the flow into and out 
of the HSS does not exceed the defined limits.To model the 
battery lifespan in the Electrical Energy Storage System 
(ESS), Equation (22) defines the State of Charge (SOC) of 
the system. Additionally, the Depth of Discharge (DOD) is 
introduced in Equation (23). Here, ܦܱܦ௧

௖௬௖  indicates the 
depth of discharge during a single cycle of the storage 
system, where ݕ௧ா is a binary variable (0 or 1) that specifies 
the charge or discharge operation at time t. ௖ܶ௬௖   
represents the cyclic lifespan of the storage equipment, and 

௜ܶ௡௜   denotes the initial nominal cyclic lifespan. 
Additionally, ௘ܰ௤  specifies the number of equivalent full 
cycles per day. For a detailed understanding of the battery 
model design and selection process, please refer to 
reference [12]. 
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௧ܥܱܵ =
௧ாௌௌܧ

ெ௔௫ாௌௌܧ  (22) 

௧ܦܱܦ = 1 −  ௧ (23)ܥܱܵ

௧ܦܱܦ
௖௬௖ = ௧ܦܱܦ . ாݕ  (24) 

ாݕ = ௧ݕ൛ݔܽ݉
ாௌௌ,௖௛,௣ − ௧ݕ

ாௌௌ,௖௛,௣, 0ൟ (25) 

௖ܶ௬௖ ≤ ௜ܶ௡௜ (26) 

௖ܶ௬௖ =
1591
365 ௘ܰ௤

 (27) 

௘ܰ௤ =෍1591.ܦܱܦ௧
௖௬௖	షమ.ఱ

ଵ

 (28) 

3. Simulation Results 

In this article, the proposed model was implemented 
using the MATLAB programming language and the PSO 
algorithm .The simulated multi-energy hub is a grid-
connected system that includes a Combined Heat and 
Power (CHP) unit with a capacity of 400 kW and an 
Electric Heat Pump (EHP) with a capacity of 128 kW. The 
operational efficiency of the CHP unit is variable and was 
modeled according to reference [15]. The performance 
characteristics of the CHP are represented using specific 
linear equations that define the feasible operating region 
(FOR). The simulation parameters are presented in Table 1, 
and the specifications of the storage devices are listed in 
Table 2. The load demand profiles, based on the 
consumption patterns of a university residence over a 24-
hour period, are shown in Figure 2. 

Table 1. Simulation Parameters for EHP, CHP, and Costs 

Units Parameters Values 

CHP Electrical Efficiency ߟ௘஼ு௉ 0.5 
Thermal Efficiency ߟ௛஼ு௉ 0.7   

EHP Cooling Efficiency ߟ௖ாு௉ 3.13 
Thermal Efficiency ߟ௛ாு௉ 4.13 

Cost 
Electricity Price ܥ௘ோ் 7542 (R/kWh) 
Natural gas Price ܥ௚ோ் 90 (R/kWh) 

 

The efficiencies of the CHP and EHP were selected in 
accordance with reference [15]. The price of electricity and 
natural gas is determined according to the latest policy in 
Harbin. 

Table 2. Specifications of ESS and HSS Storage Devices 

Units Parameters Values 

ESS 
Electrical Efficiency ߟாௌௌ 0.9    

 Maximum Power ܧெ௔௫ாௌௌ  2400 kW 
 Minimum Power ܧெ௜௡ாௌௌ     600 kW 

HSS 
 Thermal Efficiency ߟுௌௌ 0.9 
 Maximum Power ܪெ௔௫ுௌௌ      2400 kW 
 Minimum Power ܪெ௜௡

ுௌௌ     600 kW 
 

Table 3. Impact of Maximum Depth of Discharge on the Lifespan of 
the Energy Storage System 

 

 

 

 

 

Figure 2. Total Electrical, Heating, and Cooling Demands of 
University Consumers 

Figure 3 shows the supply of electrical (a), thermal (b), 
and cooling (c)energy in the proposed multi-energy hub 
model. It is observed that the required electrical power is 
provided by the CHP, the Electrical Energy Storage System 
(ESS), and, if insufficient, is purchased from the electrical 
grid. The surplus heat generated is also stored in the heat 
storage system for later use.In this study, the traditional 
model refers to the classical energy network in which 
electricity, heat, and cooling are produced and supplied 
separately, without integrated management or energy 
storage, and with linear, one-way energy flows. On the 
other hand, the conventional multi-energy hub model 
represents a commonly used integrated hub where multiple 
energy carriers (electricity, heat, and cooling) are managed 
together using Combined Heat and Power (CHP) units and 
basic storage systems. However, in the conventional model, 
equipment lifespan, system losses, and operational 
constraints are considered in a simplified manner compared 
to the proposed model. This distinction ensures that the cost 
and performance comparisons presented in Figure 3(d) are 
meaningful and clearly contextualized .A comparative 

 ௧ 0.8 0.75 0.5 0.3ܦܱܦ
௖ܶ௬௖ 10 10 10 Without solution 
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analysis between the traditional energy grid, the 
conventional multi-energy hub operation, and the proposed 
model's operation is presented in Figure 3(d). The results 
indicate that although the cost of the proposed model is 
slightly higher than the conventional model, it provides 
greater long-term technical and economic benefits due to its 
realistic consideration of equipment lifespan and system 
losses. Furthermore, to investigate the effect of the 
maximum Depth of Discharge (ܦܱܦெ௔௫) on the battery's 
cyclic lifespan, various (ܦܱܦெ௔௫) values were selected and 
examined, in accordance with Table 3. The results show 
that the (ܦܱܦெ௔௫) has a minor effect on the cyclic lifespan; 
however, excessively limiting the depth of discharge can 

lead the optimization problem to a dead end. 

 

(a) 

(b) 

(c) 

(d) 

Figure 3. Proposed MEH Model Supply Sources: (a) Electrical 

Energy, (b) Heat, (c) Cooling, and (d) Comparative Results. 

 

4- Comparison of Multi-Carrier Energy Model 
Performance in Optimized and Non-Optimized 
States 

In this section, the performance of the hybrid energy 
system, which includes a Combined Heat and Power (CHP) 
unit, an Electric Heat Pump (EHP), an Electrical Energy 
Storage System (ESS), and a Heat Storage System (HSS), is 
examined in both an optimized and a non-optimized state. 
Optimization was performed using the Particle Swarm 
Optimization (PSO) algorithm, and four key variables 
electrical power, cooling, heating, and operational cost were 
analyzed over a 24-hour period. 

4.1 Comparison of Electrical Power Generation 

The electrical power chart in Figure 4 shows a clear 
comparison between "optimized electrical power" and 
"non-optimized electrical power" over a 24-hour cycle.This 
comparison clearly demonstrates the significant 
effectiveness of the optimization process in managing and 
reducing energy consumption. Data analysis indicates that 
for a large portion of the day, the optimized electrical power 
is noticeably lower than the non-optimized state. This 
translates to significant energy savings and reduced load on 
the energy grid. The key results from the optimization 
process are: 

 Effective Reduction of Consumption Peaks: A major 
achievement of the optimization is its ability to reduce 
and flatten energy consumption peaks that are visible in 
the non-optimized state (especially at hours 3, 8, 11, 18, 
and 22). This peak reduction not only helps stabilize the 
electrical grid but also leads to savings in operational 
costs. 

 Continuous Savings Throughout the Day: In many 
hours, particularly in the early morning and late night, 
optimization has led to a consistent and significant 
reduction in consumption. This shows that the 
optimization process is effective not only during peak 
hours but also during off-peak hours.  

Figure 
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4.2 Comparison of Cooling Generation 

The cooling chart in Figure 5 offers significant insights 
into the effectiveness of the applied optimization algorithm 
or system by comparing "optimized cooling power" and 
"non-optimized cooling power" over a 24-hour cycle. 
Overall, the chart clearly demonstrates the success of the 
optimization process in reducing cooling energy 
consumption for most of the day. 

The key results from the optimization process are: 

 Effective Reduction of Overall Consumption: For the 
majority of the hours, the optimized cooling power is 
notably lower than the non-optimized power. This 
indicates considerable savings in energy consumption 
and associated cooling costs, which is the primary goal 
of any energy consumption optimization system. 

 Successful Peak Load Management: The optimized 
system has effectively reduced many of the consumption 
peaks that exist in the non-optimized state. This peak 
reduction is crucial for the stability of the electrical grid, 
as it relieves pressure on power generation and 
distribution infrastructure during times of peak demand 
and prevents the need to activate emergency or more 
expensive power plants. 

 Energy Efficiency: By reducing consumption during 
various hours, the optimization system leads to an 
overall increase in energy efficiency for the cooling 
sector, which also brings positive environmental 
consequences. 

This chart clearly shows the benefits of optimizing 
cooling power in terms of energy consumption reduction 
and load management. Achieving maximum benefits 
requires continuous monitoring, analysis of performance 
data, and potentially more precise tuning of optimization 
algorithms to ensure the system operates as effectively as 
possible throughout the 24 hours and achieves its set energy 

saving and efficiency goals.  

Figure 5. Comparison of Cooling Generation: Optimized vs. Non-
optimized 

4.3 Comparison of Heating Generation 

The heating chart in Figure 6 compares "optimized 
heating power" and "non-optimized heating power" over a 
24-hour cycle, providing a clear picture of the optimization 
system's performance in managing heating energy 
consumption. The overall analysis of the chart indicates that 
the optimization process led to a reduction in heating power 
consumption during significant parts of the day. 

The key results from the optimization process are: 

 Reduced Consumption Over Many Hours: For 
numerous hours, the optimized curve is clearly lower 
than the non-optimized curve, which demonstrates 
effective savings in heating energy. This is particularly 
evident during the non-optimized peak consumption 
hours. 

 Peak Consumption Management: Optimization was 
able to control and reduce some of the high-
consumption peaks in the non-optimized state. This 
action helps balance the energy grid's load and prevents 
additional stress on the heating system. 

In summary, this chart shows that while the 
optimization process has the overall ability to reduce 

heating energy consumption and contribute to efficiency, it 
also needs continuous fine-tuning to achieve consistent 
performance.  

Figure 6. Comparison of Heating Generation: Optimized vs. Non-
optimized 

4.4 Comparison of Operational Costs 

The operational cost results in Figure 7 are highly 
conclusive. In the optimized state, costs are reported to be 
on average 10 to 15 percent lower than in the non-
optimized state. The cost reduction is primarily a result of 
intelligent resource utilization and reduced storage losses. It 
is observed that the use of the PSO algorithm led to a 
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significant reduction in the total operational cost of the 
system. This chart definitively shows that implementing the 
optimization process has a very positive impact on reducing 
operational costs. The continuous and substantial savings 
throughout all hours of the day, along with the ability to 
reduce and flatten cost peaks, proves the high efficiency 
and economic value of this optimization system. These 

results provide strong justification for investing in and 
implementing optimization technologies and solutions in 
operational management systems to increase financial 
efficiency and significantly reduce costs. 

Figure 7. Comparison of Operational Costs: Optimized vs. Non-optimized 

5. Results and Discussion: 

The optimized model, using PSO, performed 
significantly better than the non-optimized state. Through 
intelligent control of energy components, it was able to 
notably reduce resource consumption, costs, and losses. The 
results in Table 4 demonstrate the high potential of 
intelligent algorithms in managing multi-carrier multi-
energy hubs and clearly show the remarkable and 

multifaceted effectiveness of the implemented optimization 
system in managing energy resources and operational costs. 

Table 4 - Performance of the Proposed Method across Electrical, 
Cooling, Heating, and Cost Metrics 

 

5.1 Sustained Reduction of Operational Costs: 

The most prominent and consistent achievement of the 
optimization system is the significant and uniform 
reduction in operational costs throughout the entire 24-hour 

cycle. The "Operational Cost" chart in Figure 7 clearly 
shows that the cost in the optimized state is always lower 
than in the non-optimized state. This financial saving 
proves the primary justification and overall success of the 
entire optimization process. This cost reduction is indicative 
of intelligent resource management and the exploitation of 
economic opportunities (such as off-peak hours or cheaper 
energy prices). 

5.2 Energy Efficiency and Load Management: 

 At the energy consumption level (electrical power, 
cooling, and heating), the optimization system primarily 
led to a reduction in power consumption and the 
flattening of load peaks. This contributes to increased 
energy efficiency and reduces the pressure on energy 
supply infrastructure. 

 A point of interest in the power charts (electrical, 
cooling, and heating) is that in some hours, the 
optimized consumption is higher than in the non-
optimized state. This phenomenon, which may initially 
seem illogical, can actually indicate advanced and 
intelligent optimization strategies. These strategies may 
include: 

5.2 Load Shifting: 

Transferring energy consumption to hours when prices are 
lower or grid capacity is higher (e.g., pre-heating or pre-
cooling). 

5.3 Use of Storage: 

Charging energy storage systems (such as thermal or 
electrical storage) during specific hours for use during peak 
times. 

5.4 Demand Response: 

 Reacting to real-time demand signals or real-time 
energy pricing. These fluctuations in energy consumption, 
unlike the uniform cost reduction, emphasize that the 
ultimate goal of optimization is not necessarily a crude 
reduction in energy consumption at every moment, but 
rather the overall optimization of the system's performance 
in terms of cost, stability, and quality of service. In 
conclusion, it can be said that the implemented optimization 
system is a powerful and effective tool for 
comprMEHensive energy and financial management. By 
significantly and consistently reducing operational costs, 
this system has proven its economic value. At the same time, 
through intelligent management of energy consumption, it 
helps with system stability and resource efficiency. The 
precise monitoring and tuning of these systems, especially 

Metric Optimized State Non-Optimized State Result 

Electrical Stable ,aligned 
with demand 

Unstable ,with excess 
peaks 

Performance 
Improvement 

Cooling Proportional to 
demand 

Excess production 
during off-peak hours 

Increased 
Efficiency 

Heating Better balance Inefficient use of 
CHP Fuel Savings 

Cost Reduced High and variable 
High 
Economic 
Savings 
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at points where they exhibit more complex bMEHaviors, 
are of high importance for achieving maximum potential 
and ensuring optimal performance under all conditions. 

 

6. Conclusion 

This article introduces a more realistic model of an 
multi-energy hub (MEH) that integrates primary energy 
conversion devices, energy reuse equipment, and storage 
systems within the energy grid framework and with an 
optimal operational strategy. The proposed model also 
manages the optimal scheduling problem with the goal of 
minimizing energy purchase costs and costs resulting from 
battery lifespan degradation. Simulation results show that 
the proposed model operates stably, with operational costs 
that are lower than conventional multi-energy hub models 
and significantly lower than traditional energy grids. 
Additionally, while the maximum Depth of Discharge 
(DOD) does not have a large effect on battery lifespan, its 
value has a notable impact on operational costs. 
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