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Optimal Energy Management in Microgrids
Equipped with Distributed Generation

Ali Esmaeel Nezhad

Abstract—In recent years, the problem of optimal energy
management has become a global concern all across the world. In
this regard, this paper investigates the optimal scheduling of
energy sources in microgrids taking into consideration distributed
energy sources. In the presented paper Distributed Generation
(DG) includes Micro-Turbines (MTs) as well as Fuel Cell (FC)
generating units. This problem has been modeled as a single-
objective optimization problem while the energy procurement
cost is taken as the objective function. The model is implemented
in General Algebraic Modeling System (GAMS) and solved using
CONOPT solver, since the problem is proposed in a Non-Linear
Programming (NLP) framework. Furthermore, simulation has
been done on a 34-bus distribution test system to verify the
performance of the proposed model.
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I. INTRODUCTION

owdays, due to global concern on environmental issues

and the problem of climate change, conventional energy
generating units are intended to be replaced with those having
less emission generation. Moreover, the increasing cost of
transferring energy causes extra challenge in this area. In this
regard, power system planners seek smaller generating units
that are installed close to the consumers. For this purpose, DGs
technologies have turned to be proper alternatives to replace
conventional power plants with high emission generation.
Some power sources, such as MTs, FCs, wind power and
Photo-Voltaic (PV) systems are taken into consideration as
possible and preferred solutions over other technologies [1-3].
These generating units generally connect to power systems at
distribution level. Therefore, the conventional scheduling
models must be replaced by new ones which are much more
complicated due to DGs. It is noted that, the newly appeared
distributions are no longer passive and now, they work as
active distribution networks. It is worth mentioning that
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microgrids are defined as active distribution networks
comprising both loads and DGs. Hence, they are able to
operate in both grid-connected and stand-alone operating
modes [4]. However, the concept of microgrids involves with
severe challenges in their operation needing precise modeling
of the network and DGs. In addition, such model requires and
applicable and powerful load flow tool. For this purpose, an
effective algorithm is suggested in refs [5, 6] for load flow
analysis in distribution systems and microgrids. Refs [7, 8]
have utilized frequency/voltage droop control scheme for
optimal scheduling of active/reactive power in a microgrid. In
microgrids, there is an entity called Microgrid Control Center
(MGCC) having access to the data of load pattern, DGs’
generation as well as any other necessary information through
a communication system. This issue is more important in the
case of smart grids. As MGCC knows the amount of system’s
load, It can use different Optimal Power Flow (OPF) forms
[4]. A typical microgrid is depicted in Fig.1 [4]. In Microgrids,
coordinating local controller installed in the system is the main
role of MGCC in order to have a secure, stable and reliable
operating mode. Refs [9, 10] proposed generalized formulation
considering a variety of energy sources for optimal operation
of a microgrid with respect to local requirements and
environmental issues. Moreover, refs [11,12] present
mathematical formulations on the problem of optimal
scheduling of generating units esp. FC power plants. Among
DGs existed in power systems, FCs cause very great interest
for electricity and heat generation, as this energy source has
low operating temperature, fast start-up characteristics as well
as ecological constraints [13, 14]. FC is a type of energy
source converting chemical energy of a reaction directly into
electrical energy. Since, FCs have high efficiency and they
have environmental-friendly operation, they will be one of the
most promising energy sources [15]. Another advantage of
FCs is their low emission generation due to utilizing
electrochemical energy conversion system instead of a
combustion process.

This paper proposes the problem of optimal scheduling in a
microgrid equipped with FCs and MTs. The OPF model used
is ACOPF. Furthermore, a 34-bus test system is used for
simulation.

The remainder of this paper is organized as follows:

Section 2 includes the mathematical modeling of the
proposed problem and section 3 represents the simulation
results and finally, some relevant conclusions are drawn in
section 4.
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Fig. 1. A typical micro grid

Il. MATHEMATICAL MODELING

In the proposed optimization problem, the objective
function is cost minimization. This objective function can be
stated as below:

Min N
T FC NMT
fg(X)zZl(Cé n zl CL. + > C,‘\ATJ 1
t= i= =

Where, C}, denotes the cost of energy procurement from the

utility grid and it can be stated as eq. (2) [16].
Cqy =Pricey x P,

g g g (2)

In above equation, Priceq is the price of supplying energy

from the utility grid as shown in Fig.2 and Py is the amount of

power supplied from the utility grid. In addition,C,‘;cin the

objective function indicates the cost of providing energy by
FCs. CF. takes the following form:
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Fig. 2. Daily price of energy from the utility grid

Eq.(4) illustrates the cost of produced power by MTs [16]:

C,tvn— :a+bPMT (5)

Where,

oz Capital cost($KW ) x Capacity(KW) x Gr ©)
Lifetime(Yr)x365x24x LF

b = Fuel cost($3KWh ™)+ O & M cost($KWh 1) (7

Note that, the cost of energy produced by MTs is calculated
and it is equal to 0.07 ($/KWh) [16].

This optimization problem is constrained to load flow
constraints as follows:

h%ilPGi,u —Poi = NZB‘iIV|| [VJ| |Yij| cos(dij —6ij)
U= =

i=1...NB ®
NUj NB .

2Qaiu —Qoi = Z:;[V|| |Vj||Yij|S|n(5ij -6ij)

- ‘ ©
i=1...NB

PG min,i,u < F)Gi,u < PG min,i,u (10)
QG min,i,u < QGLu < QG min,i,u (11)
1| <1 (12)
[Vmin,i| < [V|| < [Vmax|| (13)
szl Poiu = > Poi + PL (14)
NB NUi NB

2 2 Qoiu = 2Qpi + QL (15)

Eqg. (8) and (9) relate to load flow. The maximum and
minimum active and reactive power generation of generating
units are stated through Egs. (10) and (11). Furthermore, this
optimization  problem is  constrained by  security
considerations. These security constraints can be stated as Egs.
(12) and (13). One of the most important constraints in power
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systems is power balance constraint ensuring that the
generated power is equal to the power demand at each hour.
Since, this paper implements ACOPF, this constraint is stated
both for active and reactive power as Egs. (14) and (15).

I11. SIMULATION RESULTS

The proposed model is implemented on a 34-bus test system
[17]. The data and the single-line diagram of the test system
are shown in Table 1 and Fig.3, respectively. It is noted that
the base MVA is 100.

Table 1. Data of the 34-bus test system

Bus | Feeder Feeder impedance Load
NO. | Jength | X(@/km) | R(Q/km) Q P
(km) (Kvar) | (KW)
1 0 0
2 0.60 0.080 0.195 142.5 230
3 0.55 0.080 0.195 0 0
4 0.55 0.083 0.299 142.5 230
5 0.50 0.083 0.299 142.5 230
6 0.50 0.083 0.299 0 0
7 0.60 0.090 0.524 0 0
8 0.40 0.090 0.524 142.5 230
9 0.60 0.090 0.524 142.5 230
10 0.40 0.090 0.524 0 0
11 0.25 0.090 0.524 142.5 230
12 0.20 0.090 0.524 84 137
13 0.30 0.090 0.524 45 72
14 0.40 0.090 0.524 45 72
15 0.20 0.090 0.524 45 72
16 0.10 0.090 0.524 7.5 13.5
17 0.60 0.083 0.299 142.5 230
18 0.55 0.083 0.299 142.5 230
19 0.55 0.086 0.387 142.5 230
20 0.50 0.086 0.387 142.5 230
21 0.50 0.086 0.387 142.5 230
22 0.50 0.090 0.524 142.5 230
23 0.50 0.090 0.524 142.5 230
24 0.60 0.090 0.524 142.5 230
25 0.40 0.090 0.524 142.5 230
26 0.25 0.090 0.524 142.5 230
27 0.20 0.090 0.524 85 137
28 0.30 0.090 0.524 48 75
29 0.30 0.090 0.524 48 75
30 0.30 0.090 0.524 48 57
31 0.30 0.090 0.524 34.5 57
32 0.40 0.090 0.524 34.5 57
33 0.30 0.090 0.524 34.5 57
34 0.20 0.090 0.524 34.5 57

It is worth-mentioning that, the computer system used to
solve the presented NLP problem has an Intel Core i5
processor with 2.27 GHz clock speed and 4 GB RAM.
Moreover, the problem is implemented in GAMS environment
and solved using CONOPT solver under Windows 7 operating
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Fig. 3. Single-line diagram of the 34-bus test system

system. The data of DGs and their locations are represented in
Table 2. Additionally, instead of fixed load, dynamic load is
considered in this paper with 24-hour variations that is shown
in Fig.4.

Table 2. Data of DGs

Energy Location Capacity Type
Source (p.u.)
Utility Grid 1 O
DG1 23,29,34 0.01345 FC
DG2 4,13 0.01345 MT
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Fig. 4. Daily load of the 34-bus test system

The results obtained from active and reactive power
dispatch are represented in Tables 3 in terms of p.u.

IV. CONCLUSION

The problem of optimal scheduling of DG units in a
microgrid has been studied in the presented paper. This
microgrid is based on MTs and FCs while it has the ability to
operate in stand-alone mode or it can connect to the utility grid
via Point of Common Connection (PCC). The obtained results
from solving the NLP model verify the performance and
efficiency of the proposed model. The ongoing research work
by authors is to propose multi-objective framework for optimal
scheduling of DG units while considering other objectives as
maximization of Voltage Stability Margin (VSM),
minimization of total power loss as well as minimization of
emission generation.
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Table 3. Results of active and reactive power dispatch

Hour Qpcss | Qpoczo | Qps2s | Qpeiz | Qe Pbess | Pocag Poc2s | Poeis | Ppca
1 0.012 0.026 0.027 0 -0.046 0.003 0 0.010 0.003 0.021
2 0.013 0.025 0.027 0 -0.046 0.003 0 0.009 0.003 0.021
3 0.013 0.024 0.027 0 -0.046 0.003 0 0.009 0.002 0.021
4 0.013 0.025 0.027 0 -0.046 0.003 0 0.009 0.003 0.021
5 0.012 0.026 0.027 0 -0.046 0.003 0 0.010 0.003 0.022
6 0.012 0.029 0.026 0 -0.046 0.004 0 0.012 0.003 0.022
7 0.012 0.030 0.026 0 -0.045 0.004 0.0002373 0.013 0.003 0.023
8 0.012 0.031 0.027 0 -0.045 0.005 0.0008306 0.015 0.003 0.024
9 0.012 0.031 0.028 0 -0.045 0.005 0.002 0.017 0.004 0.025
10 0.012 0.032 0.029 0 -0.045 0.006 0.002 0.017 0.004 0.026
11 0.013 0.032 0.029 0 -0.044 0.006 0.002 0.018 0.004 0.026
12 0.013 0.032 0.029 0 0.044 0.006 0.002 0.018 0.004 0.026
13 0.012 0.032 0.029 0 -0.045 0.006 0.002 0.017 0.004 0.026
14 0.012 0.031 0.029 0 -0.045 0.006 0.002 0.017 0.004 0.025
15 0.012 0.031 0.028 0 -0.045 0.005 0.001 0.016 0.004 0.025
16 0.012 0.031 0.027 0 -0.045 0.005 0.0008294 0.015 0.003 0.024
17 0.012 0.031 0.027 0 -0.045 0.005 0.0008308 0.015 0.003 0.024
18 0.012 0.031 0.028 0 -0.045 0.005 0.001 0.016 0.004 0.025
19 0.012 0.032 0.029 0 -0.045 0.006 0.002 0.017 0.004 0.026
20 0.013 0.032 0.029 0 0.044 0.006 0.002 0.018 0.004 0.026
21 0.013 0.032 0.030 0 -0.044 0.006 0.002 0.019 0.004 0.027
22 0.013 0.032 0.029 0 0.044 0.006 0.002 0.018 0.004 0.026
23 0.012 0.031 0.028 0 -0.045 0.005 0.001 0.015 0.004 0.024
24 0.012 0.029 0.026 0 -0.046 0.004 0 0.012 0.003 0.022

Cost ($)
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