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Abstract 
This study analyzes the key factors of distributed control 
design in the context of hybrid energy supply network. 
Major design factors are the formulation of a control 
objective function, approach of system partitioning, and 
level of providing information. The energy network used 
as a case study is composed of photovoltaics, fuel cell 
system, electrolyzer, ground source heat pumps, and 
energy storage systems. For optimal control, the objective 
function was designed to consider characteristics of grid-
independent network and hybrid energy sources. When 
the energy network is divided into electrical and thermal 
system parts for the distributed control, placing the fuel 
cell system in the thermal system part was found to be 
advantageous in terms of heat supply optimization. In the 
given system, the performance of distributed control 
using all control information can be close to centralized 
control, and the distributed control can be an attractive 
option in terms of computational efficiency. However, 
when stored power was insufficient, the performance of 
the distributed control was difficult to approach to the 
centralized control. 
Key Innovations 
· An objective function for a grid-independent hybrid 

energy network was designed to consider auxiliary 
energy use, stored energy, and dumped energy. 

· The distributed control using all control information 
can perform close to the centralized control 
performance, and computational cost can be reduced. 

· When stored power was insufficient, the distributed 
control cannot guarantee an optimized performance 
comparable to the centralized control. 

Practical Implications 
The centralized control for distributed energy resources 
makes system operation and management convenient and 
efficient. However, as the system is larger and more 
complex, it is difficult to construct the control system and 
requires cooperation of many stakeholders. In this regard, 
appropriate distributed control can systematically 
structure and simplify the control problems with high 
control performance under various conditions. 
Introduction 
Distributed energy resources (DERs), such as combined 
heat and power (CHP) and renewable energy sources 
(RESs), have been widely studied because of increasing 

interests in greenhouse gas emission and energy 
consumption issues (Chicco and Mancarella, 2009). Since 
the distributed energy resources are located at the demand 
side, they offer the benefits of low energy transfer loss and 
heat wasted in the central plants being used to meet the 
heat demand. Accordingly, extensive studies have been 
conducted to develop and implement distributed control 
systems (Fontenot and Dong, 2019). 
Considering decentralization of control and 
computational cost for optimization has been investigated 
for controlling the distributed energy resources (Roche et 
al., 2010). Control strategies for energy supply system are 
largely divided into centralized control, decentralized 
control with no exchange of information among systems, 
and distributed control with exchange of information 
(Scattolini, 2009). The centralized control approach is 
regarded as suitable for a small-scale system or system 
with high interactions between subsystems and requires a 
communication network connecting all components 
within the whole system. However, as the energy supply 
network becomes larger and more complex, the 
applicability of the centralized control to such the case is 
quite limited due to the high computational cost and 
practical difficulties of constructing the communication 
network (Khan et al., 2016). In contrast, the decentralized 
control does not require the expensive communication 
network, but it is hard to manage the system stability and 
achieve optimal performance (Scattolini, 2009). 
The distributed control approach has received attentions 
to overcome the limitations of the centralized and 
decentralized control. Multi-agent system control (MAS) 
approach has been extensively studied for the distributed 
control of the energy supply network. If the distributed 
control can use necessary information sufficiently, its 
performance can be achieved close to the centralized 
control performance (Shabani, 2020).  
To analyze the distributed control performance, it is 
important to appropriately formulate a control objective 
function, partition the whole system into parts, each of 
which is operated by the distributed controller, and design 
the level of the providing information between the 
distributed controllers during control optimization. This 
study designs the objective functions and evaluates the 
effects of system partitioning approaches and information 
providing levels on the control performance. In this study, 
control performance is analyzed through a case study of a 
residential community with a hybrid energy supply 
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network created in a simulation environment. For analysis 
of system partitioning approaches, the energy supply 
network is divided into electrical and thermal system parts, 
and two scenarios are created with placing the fuel cell 
system in different parts. For analysis of information 
levels, different levels of information are provided to 
distributed controllers by incrementally adding possible 
information (i.e., control information of each system), and 
their effect on the control performance is analyzed in 
comparison to the centralized control performance. 
Context 
This study designs the objective functions and analyses 
the effects of system partitioning approaches and 
information providing levels between distributed 
controllers on the control performance through the case 
study of the hybrid energy supply network in the 
residential community. The hybrid energy supply network 
and residential buildings are modeled and evaluated in a 
simulation environment. Surrogate model is modeled 
through TRNSYS program and the residential building is 
modeled through TRNBuild. The case systems of the 
hybrid energy supply network are modeled using 
components provided by TRNSYS. These components 
are developed with an engineering approach, and 
specification modification and linkage between 
components are flexible. For optimal control performance, 
model predictive control (MPC) is used since it is 
straightforward to structure and compare the problems. 
Detail settings are described in followed section. 
Hybrid energy supply network 
The case residential community is composed of 12 
households and requires energy supply to meet power and 
heat demands. The hybrid energy network under 
investigation is assumed to be grid-independent. 
Therefore, additional energy required to provide unmet 
demand is provided through auxiliary energy supply 
systems, and energy that storage systems cannot store is 
dumped. 

 
Figure 1: Hybrid energy supply network. 

The configuration of the hybrid energy supply network is 
shown in Figure 1. Electrical systems include 
photovoltaics (PVs) and lead-acid batteries. An auxiliary 
power supply system is set to turn on when the state of 
charge (SOC) of batteries is under 20%. When the 
batteries SOC reaches 100%, excess power is dumped. 
Thermal systems are composed of two ground source heat 

pumps and a heat storage tank. The ground source heat 
pumps supply heat from underground boreholes to the 
heat storage tank through a heat exchanger. Two identical 
ground source heat pumps are in operation in a sequence. 
Therefore, the control variable associated with the ground 
source heat pumps is the number of heat pumps in 
operation (i.e., 0, 1, and 2). The heat storage tank supplies 
heat energy to the demand side through another heat 
exchanger. If the demand-side outlet water temperature of 
the heat tank is under 45℃ , an auxiliary heat supply 
system turns on to heat it to 45℃. When it exceeds 65℃, 
the auxiliary system dumps excess heat to reduce the 
water temperature down to 65 ℃ . Hydrogen systems 
consist of an alkaline electrolyzer, proton exchange 
membrane fuel cell (PEMFC), and hydrogen storage tank. 
The electrolyzer converts power into hydrogen, and the 
fuel cell system converts hydrogen into power and heat. 
The operation mode of the two systems is controlled by 
the part load ratio (PLR), which is set to be three modes 
of 0, 0.5, 1. The hydrogen tank stores hydrogen in a 
compressed gas form and an auxiliary hydrogen supply 
system is set to turn on when storage state is under 20%. 
The capacities of the ground source heat pumps and the 
fuel cell system were designed to supply the two-third and 
one-third of the maximum heat demand, respectively. The 
number of PV panels was sized to supply the whole 
annual demand of the residential community, and the 
electrolyzer was sized as the similar capacity of the fuel 
cell system. The capacity of the batteries was designed on 
the basis of calculated PVs generation and power demand 
to store the maximum daily sum of net power. The 
capacity of the hydrogen storage tank was sized to store 
the amount of hydrogen required for the fuel cell system 
to operate for more than a week. 
Residential building model 
The case residential community includes 12 households. 
The residential building of individual households has the 
power demand for lighting, appliances, and cooling and 
the heat demand for heating and domestic hot water. The 
heating and cooling demands were simulated from a 
residential building model created in TRNBuild. The 
lighting, appliances, and domestic hot water demands 
were derived from measured data in real residential 
buildings. 
The building simulation model was created on the basis 
of the specifications of a reference residential building 
developed by Jung et al (2017) using available apartments 
drawings and the national statistical data of the Republic 
of Korea. The residential unit was modeled as shown in 
Figure 2, and the building was constructed as a two-story 
unit. Accordingly, the residential community was 
composed of six buildings. Thermal properties of the 
building model are summarized in Table 1. The heating 
demand was simulated with the indoor setpoint 
temperature of 20℃, and the cooling demand with the 
setpoint temperature of 26℃. Weather data used in the 
simulation is TMY data based on 2004-2018 measured 
from the Seoul Observatory of the South Korea 
Meteorological Administration. The energy usage data of 
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14 households in 2018 for lighting, appliances, and 
domestic hot water in apartments provided by the Korea 
Energy Agency were used to generate corresponding 
hourly demand profiles. These lighting and appliances 
power consumption data were also used as internal heat 
gain inputs to the residential building model. 

 
Figure 2: Residential unit model in TRNBuild. 

Table 1: Summary of building thermal properties. 
Elements Values 

u-value 
(W/K) 

External wall 0.35 
Floor 0.26 
Roof 0.18 

Window 2.1 
g-value 
(%/100) Window 0.8 

The demand characteristics of 12 households are 
summarized in Table 2. Two time periods, January 24 to 
26 and August 11 to 13, were used to compare the optimal 
control performance under different seasons. From 
January 24 to 26, hourly heating and hot water demand 
are relatively higher than net power. In contrast, from 
August 11 to 13, hourly heating and hot water demand are 
relatively lower than net power. In future studies, it is 
necessary to analyze the control performance under 
various conditions of energy demand and weather 
conditions throughout the whole year. 

Table 2: Demand characteristics of community. 

(kW) January 24-26 August 11-13 
Average Max Average Max 

Heating 35.8 56.2 0 0 
DHW 5.2 12.3 0.6 3.5 
Power 4.7 9.2 9.5 15.7 

Net power 7.4 49.7 3.9 44.6 

 
(a) Demand profiles in January 24 to 26. 

 
(b) Demand profiles in August 11 to 13. 

Figure 3: Demand profiles of community. 
Model predictive control 

 
Figure 4: MPC structure with TRNSYS and GenOpt. 

Model predictive control (MPC) was used to evaluate the 
effect of the three control design issues on the control 
performance. The MPC has been applied as an optimal 
control strategy that predicts the states of a target system 
and optimizes control variables for minimizing a cost 
function. The MPC requires the prediction model of the 
target system for optimization. This study used the 
simulation model in TRNSYS as the surrogate of the real 
case, and the same TRNSYS model was used as the 
prediction model to exclude the effect of the accuracy of 
the prediction model on the results. GenOpt program was 
used to optimize control variables in connection with 
TRNSYS. GenOpt provides various optimization 
algorithms for different types of optimization variables. In 
this study, Hooke-Jeeves algorithm which is one of the 
generalized pattern search methods was used. The control 
variables were set as continuous with the mesh size of two, 
and the multi-starting points were set to avoid several 
local minima. Also, additional Python codes were 
implemented to link the TRNSYS model and the GenOpt 
program. 
MPC model parameters are control time-step, control 
horizon, prediction horizon, and receding horizon. In this 
study, the control time-step was set to be one hour, and 
the control, prediction, and receding horizons are set to be 
24 hours in order to efficiently analyze decentralized 
levels on the control performance with a much reduced 
computational cost. In future studies, it is necessary to 
reduce the control time-step and receding horizon for 
more optimized and realistic control. 
Design of objective functions  
The objective functions for the optimal control of the 
energy supply system are usually composed of operation 
and management costs and fuel consumption. However, 
in this study, the hybrid energy supply network operates 
independent of the energy grid and two modes of storage 
systems (i.e., short-term and long-term storage) are 
included in the energy supply network. 
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Objective function #1 
The hybrid energy supply network consists of systems 
that generate, consume, and store power, heat, and 
hydrogen. In addition to the PV panels, for the power 
supply, either the batteries may discharge the stored 
power, or the fuel cell system may convert hydrogen into 
power. In order to supply heat, the ground source heat 
pumps may produce heat while consuming power, or the 
fuel cell system may convert hydrogen into heat as well 
as power. In addition, the electrolyzer converts power into 
hydrogen used as an energy source for the fuel cell system. 
Three types of storage tanks, namely the batteries, heat 
storage tank, and hydrogen storage tank, store power, heat, 
and hydrogen, respectively. Given various types of energy 
generation and storage systems within the energy network, 
the optimal control requires selecting the optimal 
operation schedule energy generation and storage systems 
and associated operation modes to effectively meet the 
dynamic community demands and store the excess energy.  =  Σ − Σ∆ − ∆ (1) 
Following the rationale above, we designed the objective 
function that targets to maximize the stored energy while 
minimizing the additional energy supply provided by the 
auxiliary systems to provide the unmet demand. The sum 
of stored energy quantity in the batteries and the heat 
storage tank is expressed in the short-term storage term 
( Σ ∆ℎ ), and the stored energy quantity in the 
hydrogen tank is expressed in the long-term storage term 
(∆ ). Σ   is the sum of the auxiliary power, heat, 
and hydrogen use. A weight associated with the auxiliary 
energy use term was set to 10 to penalize auxiliary energy 
use and weights associated with the stored energy terms 
were set to 1 without prioritization of different energy 
storage systems. 
Objective function #2 
After the batteries are fully charged, the excess power 
should be stored in the long-term storage system under 
ideal control optimization in which the optimization space 
is fully explored and the global optima identified. 
However, the computational cost to obtain the global 
optima for the control of the hybrid energy network is 
extremely high, and, thus, reducing the computational 
cost while providing reliable optimal solutions is crucial 
for the real-time control of the complex energy network 
at each control time-step.   =  Σ  − Σ∆ − ∆ (2) 
In order to prevent the dumped energy, we replaced the 
auxiliary energy term with a mismatch energy term, Σ  , which is the sum of the auxiliary energy use and 
dumped energy. Note that the dumped energy also has the 
same high weight as the auxiliary energy. 
Effect of system partitioning 
Design of system partitioning 
The first step for appropriately designing the distributed 
control is the proper partitioning of energy systems in the 
energy supply network. The effect of different ways of 
partitioning the energy systems on the control 

performance was evaluated under the proposed system 
partitioning scheme as illustrated in Figure 5. 

 
Figure 5: System partitioning scheme of                 

hybrid energy network. 
As the energy demands to meet in the community are heat 
and power, we divided the hybrid network into electrical 
system and thermal system parts. The electrical system 
part optimizes the control of power-related systems, and 
the thermal system optimizes heat-related systems. Most 
of the systems in the network fall into one of the two parts, 
but it is difficult to clearly classify the hydrogen systems 
(i.e., the electrolyzer, hydrogen tank, and fuel cell system). 
Since the electrolyzer converts excess power into 
hydrogen, it was included in the electrical system part. 
The hydrogen storage tank was also included in the 
electrical system part because it stores the hydrogen 
generated by the electrolyzer. However, since the fuel cell 
system produces heat and power simultaneously, it can be 
classified into either the electrical or the thermal system. 
Therefore, we created two cases: (1) Case 1 in which the 
fuel cell system is included in the electrical system part 
and (2) Case 2 in which the fuel cell system is included in 
the thermal system part.  
The objective function #2 designed for the centralized 
control of the energy network was modified as a separate 
objective function for the electrical and thermal system 
parts for Cases 1 and 2.    , =  Σ  − ∆_ + Σ (3)    ,  = Σ  − ∆ − ∆_ (4) 
The objective functions for Case 1 are expressed in 
Equations (3) and (4). The objective function for the 
electrical system part includes the two energy storage 
terms (i.e., the batteries and hydrogen storage tank) in 
addition to the energy mismatch term. The thermal system 
part includes the ground source heat pumps and heat 
storage tank. As the ground source heat pumps consume 
power during the operation, the power consumption of the 
ground source heat pumps which is expressed as Σ  
was added to the objective function instead of the long-
term energy storage term. ∆_ , ∆ , and ∆_  are the stored energy quantity in the heat 
storage tank, batteries, and hydrogen storage tank, 
respectively. Σ   is the sum of the auxiliary energy use 
and dumped energy. 
In the thermal system part, auxiliary heat use, dumped 
heat and stored heat are calculated from the heat storage 
tank, but the heat storage tank does not consider the heat 
supply of the fuel cell system. As the first step, since each 
partitioned system part is assumed to be completely 
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decentralized without any information providing between 
the two parts, information about the fuel cell system is not 
available to the thermal system part. Also, information 
about the power consumption of the ground source heat 
pumps is not available to the electrical system part, and, 
consequently, instead of using the actual Σ  , ∆ ,  
and ∆_ ,  these terms are predicted based on partial 
information without consideration of the power 
consumption of the ground source heat pumps.    , = Σ  − ∆_ + Σ, (5)   ,  = Σ  − ∆ − ∆_ (6) 
Similarly, the objective functions for Case 2 were 
designed as shown in Equations (5) and (6). In this case, 
the thermal system part includes two energy generation 
systems: the ground source heat pumps and fuel cell 
system. Consequently, the heat storage tank in this case 
reflects the actual heat mismatch and stored heat terms, 
whereas the electrical system part does not consider the 
power supplied by the fuel cell system in predicting the 
states of the batteries and hydrogen storage tank. 
Comparison results 
Figure 6 and Table 3 compare the simulation results of 
Cases 1 and 2. Figure 6 shows the total amount of energy 
transfer for two cases in two periods (January 24 to 26 and 
August 11 to 13) with the initial conditions of 55% SOC 
for the batteries, 55 ℃  water temperature for the heat 
storage tank, and 50% SOC for the hydrogen storage tank. 
Table 3 shows the total amount of energy transfer in 
January 24 to 26 for the two cases quantitatively. A 
positive value indicates the amount of charged or 
generated energy, and a negative value indicates the 
amount of discharged or consumed energy. Since the 
simulation period in August showed similar control 
performance, the analysis results of January are discussed 
mainly below. 
Case 1: In Figure 6-(a), when the fuel cell control was 
optimized within the electrical system part, the fuel cell 
system almost did not operate. This was because the 
electrical system part did not require additional power 
supply to meet the power demand at the optimization 
process which did not consider the power consumption of 
the ground source heat pumps. In the thermal system part, 
since January has the large heat demand, the ground 
source heat pumps operated at the maximum capacity, 
consequently requiring 697.4 kWh of auxiliary power 
supply. Since the fuel cell system was not controlled 
within the thermal system part, the unmet heat of 177.0 
kWh was provided by the auxiliary heat supply despite 
the high penalty of the auxiliary energy term. 
Case 2: In Figure 6-(a), when the fuel cell control was 
optimized in the thermal system part, the thermal system 
part optimized the control of the ground source heat 
pumps and the fuel cell system together. As a result, only 
10 kWh of the auxiliary heat supply was needed in this 
case. In addition, 579.9kWh of power from the fuel cell 
system as the result of heat supply was generated, and 
89.4 kWh of power was dumped. However, some of 
power generation was used to meet the power demand and 

reduced the use of the auxiliary power supply system. 
Consequently, the auxiliary power supply in this case was 
much smaller than Case 1. 
In Case 2, the heat was efficiently supplied in terms of 
almost no auxiliary energy use and dumped energy, 
whereas Case 1 was hard to optimize both systems. 
Therefore, Case 2 is more appropriate system partitioning 
in the given energy network. 

 
(a) Decentralized control results in January 24 to 26. 

 
(b) Decentralized control results in August 11 to 13. 

Figure 6: Control results in Cases 1 and 2. 
Table 3: Comparison simulation results of system 

partitioning in January 24 to 26. 

Total energy transfer (kWh) Decentralized control 
Case 1 Case 2 

Photovoltaics 881.0 
Batteries -33.9 -14.6 
Heat tank 20.4 10.8 

Hydrogen tank -57.8 -1136.3 

Electrolyzer Hydrogen 92.4 110.0 
Power -143.0 -169.0 

Fuel cell 
system 

Power 70.0 579.9 
Heat 70.7 587.0 

Hydrogen 150.2 -1246.0 
Ground source 

heat pumps 
Heat 2764.4 2380.2 

Power -1117.2 -944.4 

Dumped 
energy 

Power 0.0 89.4 
Heat 0.0 0.0 

Hydrogen 0.0 0.0 

Auxiliary 
supply 

Power 697.4 104.4 
Heat 177.0 10.0 

Hydrogen 0.0 0.0 

Effect of information providing level  
Different levels of information providing  
Under the designed system partitioning, it is important to 
identify the appropriate level of providing information 
between partitioned system parts required to guarantee the 
distributed control performance comparable to the 
centralized control performance. The electrical system 
part can check the operation of the heat systems through 
the power balance in current time-step. However, it is not 
possible to predict the condition of the heat storage tank 
that changes according to the heat demand and control of 
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the heat systems. In the same way, the thermal system part 
cannot be optimized without the control information of 
power systems which is not included in the thermal 
system part. Therefore, identification of exchangeable 
information according to system partitioning and analysis 
of control performance when specific information is 
provided are needed. 

 
Figure 7: Information exchange in system partitioning 

In the previous section, it was concluded that the fuel cell 
system included in the thermal system part supplied the 
heat efficiently. Under this system partitioning approach 
(Case 2), we created three cases below to compare the 
distributed control performance depending on the 
information providing level. 
· Case 3: information about the fuel cell control (PLR 

operation modes of 0, 0.5, and 1) in the thermal part is 
provided to the electrical system part. 

· Case 4: information about the control of the ground 
source heat pumps (Number of GSHP in operation) in 
the thermal part is provided to the electrical system 
part. 

· Case 5: control information about the fuel cell system 
and ground source heat pumps is provided to the 
electrical system part. 

In each case, optimization was implemented in the 
thermal system part first. Then, control information of the 
thermal system part was provided as given conditions for 
the optimization of the electrical system part. 
Comparison results 
Cases 3, 4, and 5 used the same objective functions, 
Equations (5) and (6). Given the selected system 
partitioning approach in which the thermal system part 
was optimized with full information about all heat supply 
systems, the control of the fuel cell system and the ground 
source heat pumps is not changed in Cases 3, 4, and 5. 
However, the control performance of the electrical system 
part changes according to which level of control 
information is given. 
Figure 8 shows the total amount of energy transfer for 
three cases in two periods (January 24 to 26 and August 
11 to 13) with the initial conditions of 55% SOC for the 
batteries, 55℃ water temperature for the heat storage tank, 
and 50% SOC for the hydrogen storage tank. Table 4 
shows the total amount of energy transfer in January 24 to 
26 for the three cases quantitatively. Since the simulation 
period in August showed similar control performance, the 
analysis results of January are discussed mainly below. 
Case 3: When the fuel cell control information was 
provided to the electrical system part, the electrolyzer 

consumed 619.8 kWh of power to produce hydrogen, 
which is more than 169.0 kWh in Case 2. This higher 
production of hydrogen was because the electrical part 
optimized the electrolyzer operation based on power 
generation of the fuel cell system without considering the 
power consumption of the ground source heat pumps. As 
a result, 513.8 kWh of auxiliary power supply was needed. 
This was due to the overestimation of surplus power. 
Case 4: With the information about the control state of 
the ground source heat pumps, the electrolyzer only 
consumed 20.0 kWh because the power consumption of 
the ground source heat pumps was factored in the 
optimization process. As the electrolyzer almost did not 
consume power and the fuel cell system produced 579.9 
kWh power during the heat supply, 220.7 kWh of the 
dumped power occurred. This kind of occurrence was due 
to the underestimation of surplus power. 
Case 5: When the control information of both systems 
was provided, the electrical system part can factor the 
power generation of the fuel cell system and the power 
consumption of the ground source heat pumps in the 
calculation of the objective function. As a result, the 
electrolyzer was appropriately operated under the 
accurate prediction of objective function terms. Table 4 
shows that the electrolyzer consumed 229.9 kWh power 
to produce hydrogen, which was less than 619.8 kWh in 
Case 3, and 17.3 kWh of dumped power occurred which 
was less than 220.7 kWh in Case 4. Consequently, when 
the distributed controller of the thermal system part used 
all information in the electrical system part, control 
performance was improved in terms of auxiliary power 
use and dumped power. 

 
(a) Distributed control results in January 24 to 26. 

 
(b) Distributed control results in August 11 to 13. 

Figure 8: Control results in Cases 3, 4 and 5. 
The performance of the distributed control using all 
control information (Case 5) was similar to the centralized 
control when the stored power was sufficient to meet the 
power demand. Figure 9 is one of such cases. On January 
25 with sufficient stored power, there were no auxiliary 
energy supply and almost no dumped energy. 
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Figure 9: Similar performance between centralized and 

distributed control (Case 5) on January 25. 
Under different situations, even with the full information 
use (Case 5), the distributed control showed a different 
performance from the centralized control as shown in 
Figure 10. The centralized control that simultaneously 
optimizes the heat and power supply resulted in more 
operation of the fuel cell system in situations where the 
stored power was insufficient to meet the power demand. 
In contrast, the distributed control first optimized the fuel 
cell system operation in relation to the heat demand and 
instead used the auxiliary power supply. 

 
(a) Centralized control on January 26. 

 
(b) Distributed control using all information                  

on January 26. 
Figure 10: Different power supply between centralized 
control and distributed control using all information. 

This result showed that since the fuel cell system was an 
important role in providing heat and power, optimizing 
the fuel cell system operation in the thermal system part 
cannot guarantee optimized performance of the entire 
system especially when power generation of the fuel cell 
system was required. 
In addition, it is necessary to compare the optimization 
control variables and computational cost for the 
centralized control and the distributed control. In the 
centralized control, there were three systems (i.e., the 
electrolyzer, fuel cell system, and ground source heat 
pumps), and three control variables were optimized per 
system. Therefore, 27 combinations of control variables 
need to be explored in one time-step, and 27  
combinations of control variables for the prediction 
horizon of 24 hours and one-hour control time-step. On 
the other hand, in the distributed control, a full search of 
options requires 9  combination of control variables in 
the thermal system part, and 3  in the electrical system 
part. This study used the control time-step of one hour and 
three discrete operation modes for the three systems to 
reduce the computational burdens in the case study. If the 
control time-step is reduced to 10-30 minutes and/or more 
PLR modes are explored, the distributed control can be an 
attractive option in terms of the computational efficiency. 
Conclusions 
This study analyzed the key factors of distributed control 
design of the hybrid energy supply network for residential 
community. This was implemented in three main parts: 
First, the objective function was designed to minimize the 
auxiliary energy use and dumped energy and maximize 
the stored energy for hybrid energy supply network with 
grid-independent. 
Second, when the energy network was divided into the 
electrical and thermal system parts, including the fuel cell 
system in the thermal system part was advantageous in 
terms of heat supply. 

Table 4: Comparison of information providing level for three days simulation results (Jan 24-26) 

Total energy transfer (kWh) Decentralized  
control 

Distributed control Centralized 
control Case 3 Case 4 Case 5 

Photovoltaics 881.0 
Batteries -14.6 -33.1 2.6 7.5 -1.5 
Heat tank 10.8 7.9 10.8 9.1 4.1 

Hydrogen tank -1136.3 -840.2 -1232.6 -1095.2 -1030.3 

Electrolyzer Hydrogen 110.0 406.1 13.7 151.1 26.8 
Power -169.0 -619.8 -20.0 -229.9 -40.0 

Fuel cell 
Power 579.9 579.9 579.9 579.9 509.8 
Heat 587.0 587.0 587.0 587.0 468.8 

Hydrogen -1246.3 -1246.3 -1246.3 -1246.3 -1057.0 
Ground source 

heat pumps 
Heat 2380.2 2380.2 2380.2 2379.9 2504.5 

Power -944.4 -944.4 -944.4 -945.8 -1014.0 

Dumped 
energy 

Power -89.4 0.0 -220.7 -17.3 0.0 
Heat 0.0 0.0 0.0 0.0 0.0 

Hydrogen 0.0 0.0 0.0 0.0 0.0 

Auxiliary 
supply 

Power 104.4 513.8 86.1 98.9 0.0 
Heat 10.0 15.0 10.0 15.0 0.0 

Hydrogen 0.0 0.0 0.0 0.0 0.0 
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Lastly, the performance of distributed control using all 
control information can be close to centralized control, 
while when stored power was insufficient, the 
performance of the distributed control was difficult to 
approach to the centralized control. In addition, in the 
distributed control, optimization control variables were 
reduced due to system partitioning. This feature will be 
more effective according to optimization variables 
increases and the control time-step is reduced. 
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