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Abstract: In this paper, the operation of electrical, heat and gas
networks with flexible energy hubs is presented, where hubs is
contributed in energy market that is based on market clearing
price. This scheme maximizes the difference between energy
hubs profit and operation cost of generation units subjected to
operation model of sources, storages and responsible load in
hub format, flexibility limits of hubs, and optimal power flow
model of energy networks. This formulation is based on market

clearing price model, so that it obtain value of energy price
according to balancing between the generation and demand in
different buses if energy networks. Penalty function method in
this paper uses to calculate of primal variables and some dual
variables (energy prices). In the following, the stochastic
optimization uses to model the uncertainties of load and
renewable power. Finally, the obtained numerical results show
the capabilities of the proposed scheme in the improving
flexibility and economic situations of hubs. Also, optimal
operation of hubs is able to improve the economic and operation
induces of energy networks in comparison to load flow study,
and it improves the social welfare based on reducing of energy
price. So that 100% flexibility condition obtains for Hubs. In
this condition, the operation cost, energy loss, voltage drop and
temperature drop are reduced about to 19.8%, 7.1%, 19.5% and
16.7%, respectively, with respect to load flow analysis, but the
pressure drop increases about to 4.9%.
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Introduction

Energy hub (EH) is a coordinating framework for
different consumers and producers at consumption
points, which is capable of both energy transmission and
energy storage. Several types of energy such as
electricity, gas, heat, etc. can be simultaneously managed
in an EH. Additionally, due to significant environmental

pollution caused by the uncontrolled consumption of
fossil fuels, governments and various organizations
encouraged energy consumers and producers to adopt
environmentally-friendly energy power sources, storage
facilities, and energy management programs. Therefore,
the presence of renewable energy sources (RESs) such
as wind and photovoltaics (PV) systems in the power
system has grown significantly in recent years. Also,



47 A. Torabi Farsani et al./ Energy Engineering and Management, Vol. 13, No. 3, PP. 46-61, Autumn 2023

storage devices and energy management programs such
as demand response program (DRP) can assist in peak
shaving and thus the energy demand from the upstream
network or power plants is decreased, and this plays an
effective role in reducing environmental pollutant
emission from power plants.

Materials and methods

the formulation of the participation of flexible EHs in the
DA energy market based on the MCP model is
presented. OPF in different energy networks in terms of
cost minimization of centralized producers is expressed
as an MCP problem. Therefore, the formulation of this

scheme can be written as follows:
Profit
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Result

The proposed scheme in this section is applied to the
modified IEEE 6-bus electrical transmission network, 7-
node gas network, and 14-node heating system.

The proposed scheme is simulated in GAMS
optimization software environment, and CPLEX solver
is used to extract the optimal solution.

In the paper, the expected daily curve of the active,
thermal and gas power of the hubs is presented. At all
hours, wind farms inject active power equal to their
maximum capacity according to the weather conditions
to the hub. Also, hubs tend to increase their profits in the
three markets of electric, thermal and gas energy. Since
CHP is a producer of electric-thermal energy and a
consumer of gas energy, and also the price of using
electric and thermal resources is higher than the fuel
price of gas resources, so CHP injects high active power
to EHs until the profit Maximize EHs. EESs and DRPs
are in discharge mode during electrical peak hours and
inject active power to EHs, but in other hours they are in
charging mode and receive active power from EHs.
Examining the prices shows that in the case without
EHs, the price of electric energy varied between
13.8$/MWh and 20.7$/MWh. Because in this case it is
necessary to use EGU with high fuel price (EGU2). But
in the case where EHs are present, the price of electric
energy is around 13.8 $/MWh in most hours and
decreases to 10.5 $/MWh in off-peak hours. Such
conditions also exist for the price of thermal energy. So,
in the case without EHs, the price of thermal energy in
all operating hours is around 15.1$/MWh, because in this
case HGU with high fuel price (HGU2) plays a role in
providing thermal energy. But regarding the presence of

EHs, the price of thermal energy has decreased to 11.4
$/MWh in some hours. However, it should be noted that
the presence of EHs leads to an increase in the price of
gas energy in some operating hours because EHs cause
an increase in gas consumption in the gas network. Also,
the amount of performance indicators such as energy
losses, maximum voltage drop, pressure, temperature
and maximum overvoltage, temperature and pressure for
different values of flexibility tolerance have been
reported. The highest energy losses in the electrical and
thermal network, the highest voltage and temperature
drops in the case without EHs. But the presence of EHs
based on the proposed plan is able to increase the values
of these indicators to about 41.5%, 40.8%, 19.5% and
16.7%, respectively, in conditions of 100% flexibility
compared to reduce the case without EHs. These
conditions correspond to the creation of maximum
overvoltage and temperature respectively around
0.017p.u. and is 0.10p.u , which are less than their
allowed value (0.05p.u. (1-1.05)). But in the gas
network, the presence of EHs causes an increase in
pressure drop energy losses. So that these indices have
increased by 22.4% and 4.9%, respectively, compared to
the case without EHs in the condition of 100%
flexibility.The maximum overvoltage is also about
0.01p.u, which is less than the allowed value. It should
be noted that with the mentioned conditions, the EHs
corresponding to the proposed design have been able to
reduce the total energy loss by about 7.1% compared to
the case without EHs in high flexibility conditions.

Discussion and Conclusion

This paper presents the operation of electricity, gas, and
heating networks in the presence of flexible energy hubs
that participate in the day-ahead energy market based on
the market clearing price model.The proposed problem
of maximizing the profit difference of hubs in the
mentioned markets and the cost of production units
according to the performance of resources, storage
devices and responsive loads in the form of hubs, the
limitation of hubs and the power distribution model to
the network. Energy was formulated. Stochastic
optimization was used to model the uncertainties of load
and power consumption.The penalty function algorithm
obtained an integrated model for the simultaneous
calculation of the main variables and some binary
variables (energy price) for the proposed design. Finally,
based on the numerical results, it was observed that the
optimal management of resources, storage devices and
responsive loads in EHs made EHs produce thermal and
electrical energy most of the time. Therefore, in addition
to the high profit for EHs from the energy market, the
network operating cost was also reduced by 19.8%
compared to the case without hubs in 100% flexibility
conditions. Of course, the presence of hubs led to a
reduction of 1.7% energy loss, 19.5% voltage drop and
16.7% compared to the case without EHs in high
flexibility conditions. This situation corresponds to the
increase of 9.4% pressure drop and the creation of
overvoltage, pressure and temperature between 0.01p.u.
t0 0.02p.u.
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11. Electric Vehicles (EVs)
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. Energy Hub (EH)

. Renewable Energy Sources (Ress)

. Demand Response Program (DRP)
. Combined Heat And Power (CHP)
. Day-Ahead (DA)

. Real Time (RT)

. Flexible Sources (FSs)

. Energy Storage Systems (ESSs)
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1. Market Clearing Price (MCP)
2. Electricity Energy Storage (EES)
3. Optimal Power Flow (OPF)
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2. Heat Generation Unit (HGU)
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