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Abstract The interminably growing demand for DC electricity in a world nowadays claims an efficient and
reliable power supply system. Therefore, the need for Distributed energy resources such as diesel generators,
wind energy, solar energy and fuel cell stacks can be combined within a medium voltage DC microgrid to
provide energy in the form of medium voltage direct current to the consumers in a sustainable manner. To
ensure more economical energy supply, in this article, an energy management system is produced of isolated
medium voltage direct current microgrid considering operating cost and scheduling the optimal operation for
each of energy distributed resources mentioned. Moreover, the proposed economic scheduling used a particle
swarm optimization algorithm (PSO). The efficacy of PSO is compared with other mathematics technique in
terms of performance measurement indices, which are cost functions of electricity probability. The results show
that the proposed technique manage the operation of micro grid under different operating conditions and
reducing the cost of microgrid compared without applying optimization techniques on energy production units.
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1. Introduction

Many sites are often located in remote and isolated places. However, it is important to have a secure, reliable
and stable power generation supply for running operations successfully. Most technological interest in the
medium voltage DC current (MVDC) systems with several publications as in [1-5]. Various power equipment
manufacturers have also introduced new products on this technology. Examples include "Mitsubishi” Electric’s
inverter system with all “Sic” power modules, and “ABB’s” medium voltage dc products and systems. (MVDC)
systems are commercially available. At the present time, it is expected to be used more commonly in the future,
and its applications for renewable and conventional energy power systems needs a more flexible and detailed
analysis. Compared to (MVVAC) distribution networks, the (MVDC) distribution networks has shown great
potential in transmission capacity, power quality, conversion efficiency, electromagnetic interference, power
dispatch and operating stability as in [6-7]. Therefore, in recent years, (DC) distribution network is gradually
attracting the attention of researchers. (MVDC) distribution micro grids supply a future dc homes lead to several
advantages over employed AC-grids as in [8]. Therefore, (MVDC) systems can supply stable and high quality
power for sensitive loads. As a result, (MVDC) systems can efficiently integrate DC generation units such as
renewable energy sources (RES) and various loads such as, sensitive electronic loads and electric vehicles (EV)
[9]. As a result, there is a greater need for higher scale and higher voltage levels in distribution systems as
(MVDC) systems [10]. The challenge for microgrids in general is maintaining stable and secure of supply, this
problem is becoming exacerbated by the increase in variable renewable capacity such as wind and solar energy.
Using a (MVDC) technology to connect microgrids with each other and with the wider network delivers the
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precise and active control needed for independence, optimization and security. Medium-voltage DC (MVDC)
power systems and DC distribution technologies have made a comeback and keep gaining a commendable
increase in research interests and industrial applications using renewable energy resources, this lead to , MVDC
power systems trends to exploit distributed generations and local electrical loads [11]. In this paper, an approach
has been simulated to schedule the renewable and conventional energy resources in a medium DC voltage
microgrid considering optimal power management between them, the addition also reduces the operating cost of
system. In this research, to maximize the economic benefit and minimizes the operational cost, microgrid is
incorporated with diesel generator, fuel cell stacks, and renewable energy resources. Therefore, (PSO) algorithm
has been considered to attain the optimal dispatch which minimizes the generation cost. The main goal of the
paper is to formulate the fuel cell and diesel generator cost equations for (24 hour) time analysis considering
different operational conditions at each of renewable energy resources. In addition to that, this research proposes
the efficacy of the proposed method has been verified by comparing it with other mathematic technique
proposed in the literature. The proposed method manages to attain lower operating cost without the loss of
power supply at any interval of time.

2. Medium DC voltage microgrid system

An isolated medium DC voltage microgrid system contains three subsystems: the load demand, the power
generation and the distribution subsystem. They are dependent on the climatic conditions and the consumer
services. This section presents the power and cost models for the solar, wind, diesel generator and fuel cell
stacks as the distributed energy resources of the power generation subsystem, the load profile of the residential
area as the demand subsystem and the microgrid itself is configured as the power distribution subsystem. The
combination of different renewable energy resources improves the system efficiency and reduces the
requirements of conventional energy resources. The general schematic of the microgrid system containing these
systems is as shown in Figure 1.
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Figure 1: General schematic of medium DC voltage microgrid
2.1. Wind turbine (WT) model
The power model of a wind turbine (WT) measures the power as a function of the hourly wind speed, the
mechanical power extracted by the wind turbine is expressed in (1) as [12]
Pm=05 pACp V2 )]
In order to investigate the system performance within a lot range of wind velocities with an MPPT controller.
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2.2 Solar PV model
The PV panel is equipped with an MPPT controller, the power output is expressed as a function of irradiance
and temperature using the following formula in equation (2).

I:)PV, out = ppv, rated * ﬁ * [1+ Kt {(Tamb + (00256 * I) - Tref}] (2)

2.3 Diesel generator

Diesel generator is the secondary power generation source for the microgrid mentioned when the renewable
energy resources cannot fulfill the required electricity load demand. The conventional generator and serves as a
backup energy source and improves the system reliability by smoothing the power generation from the
renewable energy source. The cost of the diesel generator in terms of power dispatch is expressed by equation
(3) as seen in [13-14].

Cdi = ogi+ Bai Pait Yai Pai’ (3)

2.4 Fuel cell stack
A solid oxide fuel cell (SOFC), the fuel input is natural gas, and their rated capacities are relatively more
suitable for distributed generator system. It also contributes to sharing electrical energy with the Diesel
Generator when renewable energy sources cannot fulfill the required power loads. The cost of the stack in terms
of power dispatch is expressed by equation (4) as in [15-16].

CFC = agct Brc Prct ¥ re Prc? (4)

3. Energy management strategies.

The power management strategies of the microgrids have an impact on the operational behavior of the system
regardless of grid-connected mode or isolated mode of operation. However, in the isolated mode the power
generated from the distributed generators must fulfil the load demand for a reliable operation; otherwise, the
system will face load shedding The unavailability of renewable resources at certain times of the day will force
the diesel generator and fuel cell to operate and dispatch optimal power. Thus, an efficient power management
strategy should be required to dispatch the power at the lowest cost to serve the load considering the technical
constraints of the system. The power strategy for economic scheduling in this research has been summarized
into the following scenarios:

Scenario 1: Renewable resources are capable to provide a sufficient energy to fulfill the load demand.

Scenario 2: the extra energy will generate by renewable resources is dissipated as a dump load.

Scenario 3: Renewable resources can’t fulfill the required load. The algorithm will decide to run the diesel
generators or discharge the fuel cell depending on the required load and the cost accumulated in two
conventional energy resources.

4. Performance measurement models of MVDC microgrid
4.1 Cost of electricity
The cost of electricity is calculated as an indicator of the economic profitability of microgrid. The electricity
cost is the ratio of the sum of the costs associated with diesel generators (Cg;) and the fuel cell stack (Cgc) to the
total load of the day. The electricity cost is measured between conventional generation’s resources and load for
the 24-hour analysis expressed by equation (5)

¥T_1 (Cdi+CFC)

Cost of electricity = “yT_ (Pload) ©

4.2 Constraints

The energy management strategy of the system has been optimized by meeting the following constraints:
4.2.1 Diesel generator constraint

The power generated from the diesel generator must be within the upper and lower limits.

Poii,min <Poii (0= P pji max (6)
q D
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4.2.2 Fuel cell constraint
The power generated from the fuel cell must be within the upper and lower limits.

Pecimin<Peci(®< Perc i max )

4.2.3 Power balancing constraint

The primary constraint in the power system is to balance of load demand and power generated at each time step
expressed by equation (8)

Pload (t) — Ppv (t)— Pwi (t) - PFC (t)-Pdi (t)=0 (8)
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Figure 2: Flow chart of the proposed (PSO) method
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5. Proposed methods

The proposed methods calculates economic scheduling of the conventional energy resources as per load demand
at each hour. The economic dispatch is based on the power management strategies such as (LAGRANGE
Optimization and PSO Optimization) when there isn’t enough energy through the renewable sources than that
required by loads such as in scenario 3 of the power management strategies. The proposed optimization
algorithms dispatches the optimal power from the diesel generator and the Fuel cell depending on the cost
equations of the respective distributed power resources and the load demand at the specific hour. The flowchart
of the proposed method (PSO) is shown in Figure 2.

6. Results and Discussion

A typical medium voltage microgrid is analyzed in this study to illustrate the performance of the proposed
energy management strategies. The microgrid consists of 150 kW photovoltaic and 50 kW wind turbine system
as a renewable resources and conventional resources as (fuel cell, diesel generator), the data for the diesel
generator and fuel cell are taken from [17, 18] .The parameters for the photovoltaic and wind turbine are
represented in Tables (2, 3) respectively. The proposed strategies is formulated in MATLAB (R2018a) and run
on the personal computer 2.6 GHz core i7 processor with 16 GB RAM. The generation system is designed to
meet the load of small residential isolated area with the peak load of 180 kW has been taken in this study. The
load demand at some of the instances time are higher than the combined wind and solar generation. Thus, the
generator and fuel cell will be operated at these instances.

6.1 Case (1): System is running at autumn season

The microgrid load profile and renewable energy generation graphs are shown in Figure 3.
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Figure 5: The optimized cost of generator and fuel cell Figure 6: Proposed optimized system cost reduction

The load demand at some of the instances time are higher than the combined wind and solar generation. Thus,
the generator and fuel cell will be operated at these instances. The Renewable energy resources, diesel generator
and fuel cell have to satisfy the load demand at all instances. However, there are some instances where the
renewable generation cannot satisfy the required load, according to instability of weather forecast as (wind
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speed, sun irradiance) thus, there will be power mismatch between the generation and load demand. The
proposed optimization algorithms dispatches the optimal power between diesel generator and fuel cell. Figure 4
shows the generation power curve of the distributed energy sources and the load profile. Figure 5 shows the
power needed and the running cost consumed from diesel engine and fuel cell in each hour during a day. The

proposed microgrid system was compared before and after power dispatched and the total cost at all instances
are plotted in Figure 6.

Table 2: Parameters of solar PV
Component Parameter

Table 3: Parameters of wind turbine

Value Component Parameter  Value
Rated power(KW) 150 Rated power(KW) 50
Parallel string 100 Cut in speed (m/s) 5
Series connected module/string 10 Cut out speed (m/s) 12
Initial Capital cost($/kW) 3000 Rated speed 10
Lifetime (year) 10 Initial Capital cost ($/kwW) 2000
Lifetime (year) 10

6.2 Case (2): System is running at winter season
The generation system is designed also in this study case to meet the load of small residential isolated area with

the peak load of 180 kW. The microgrid load profile and renewable energy generation graphs are shown in
figure (7).
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Figure 9: The optimized cost of generator and fuelcell Figure 10: Proposed optimized system cost reduction

At this case we study a day in winter season ,The Renewable energy resources can’t satisfy the load demand at
all instances as seen in Figure 7 according to instability of weather forecast as (sun irradiance is very low at this
season) thus, there will be power mismatch between the generation and load demand. The load demand at this
case study are higher than the combined wind and solar generation. Thus, the generator and fuel cell will be
operated and sharing power at these instances. As in Figure 8, to obtain stable micro grid operation. The
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proposed optimization algorithms dispatches the optimal power between diesel generator and fuel cell, calculate
the power needed and the running cost consumed from diesel engine and fuel cell in each hour during a day

(Figure 9). The proposed microgrid system was compared before and after power dispatched and the total cost at
all instances are plotted in Figure 10.

6.3 Case (3): System is running at spring season

The microgrid load profile and renewable energy generation graphs are shown in Figure 11. At this case we
study a day in Spring season, The Renewable energy resources can satisfy the load demand at some of instances
as seen in Figure 11, according to stability of weather forecast as (sun irradiance and wind speed are moderate)
thus, there will be power match between the generation and load demand at sunny times, but at cloudy and dark
times there will be a power mismatch between renewable generations and load profile, The load demand will be
high than combined wind and solar generation. Thus, the generator and fuel cell will be operated and sharing
power at these instances. As in Figure 12, to obtain stable micro grid operation at all times of a day. The
proposed optimization algorithms dispatches the optimal power between diesel generator and fuel cell, calculate
the power needed and the running cost consumed from diesel engine and fuel cell in each hour during a day

(Figure 13). The proposed microgrid system was compared before and after power dispatched and the total cost
at all instances are plotted in Figure 14.
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6.4 Case (4): System is running at summer season

The generation system is designed also in this study case to meet the load of small residential isolated area with
the peak load of 180 kW. The microgrid load profile and renewable energy generation graphs are shown in
Figure 15. At this case we study a day in summer season, The Renewable energy resources can’t satisfy the load
demand at more of instances than another seasons as seen in Figure 15, due to wind speed is very low compared
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with another one, so Wind power will be small at a lot of days in this season. The sun irradiance is optimum this
brings us to high generation from PV resource can participation a power at more sunny times. Some instance
there will be a whole power mismatch between both renewable generations and load profile. Thus, the need to
produce energy is very necessary at these times of the day to meet the load requirements, diesel generator and
fuel cell will be operated and sharing power at these instances. As in Figure 16, to obtain stable micro grid
operation at all times of a day. The proposed optimization algorithms dispatches the optimal power between
diesel generator and fuel cell, calculate the power needed and the running cost consumed from diesel engine and
fuel cell in each hour during a day (Figure 17). The proposed microgrid system was compared before and after
power dispatched and the total cost at all instances are plotted in Figure 18.
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cell
7. Conclusion

As more energy supplies are predicted to utilize distributed energy resources such as renewable resources and
conventional resource, the economic aspects of the energy production in the isolated microgrid has to be taken
into consideration to ensure a reliable and sustainable service to consumers. The present study has solved the
economic scheduling problem between the diesel generators and the fuel cell stacks considering operating time
cost. One of the strengths of the proposed method is to share the optimum  power needed with minimum
operating cost between two of conventional sources during critical hours. PSO optimization algorithm was
implemented to solve the economic Dispatch problem. The simulation results reveal that the microgrid faces the
load shedding without generator and fuel cells resulting in instability. Furthermore. The proposed system was
compared before and after power dispatched control and 50% reduction in operating cost has been recorded.
Thus, the obtained results show that an economic scheduling will reduce the operating cost of the microgrid.
The energy scheduling approach presented will help the independent power plant operators to perform the
electricity efficiently.
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