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Abstract:The continuous spread of distributed energy resources (DERs) such as combined heating and
power (CHP), diesel generators, boilers and renewable energy sources provide an effective solution to energy
related problems to serve the power and heat demands with minimum cost. Moreover, the DERs may play
a significant role for supplying power and heat in rural areas, where grid electricity is not available. Also,
some dry areas may face water scarcity and salinity problems. So, one important solution is the use of DERs
to drive desalination units in order to solve water scarcity and salinity problems. In this study, the optimal
scheduling of DERs and reverse osmosis (RO) desalination unit that feed the required electric, thermal and
potable water demands are determined. The present paper describes the operation constraints and cost func-
tion of components of the system in detail. Operation constraints of generation units as well as feasible
region of operation CHP in dual dependency characteristic are taken into account. To confirm the perform-
ance of the proposed model the approach is tested on a realistic remote area over a 24-h period. The results
show that the economical scheduling of DERs and desalination units can be obtained using proposed method-
ology by implementing the proposed formulation.
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1. Nomenclature Fuel Total consumption of fuel (m?).
WP Produced water from desalination process (m?)
Set Wk Provided drinking water from transferring (m?).
t Time index (h) NF  Number of transferred fuel.
Variables NW  Number of transferred water.
P> Produced power from wind turbine (KW) C  Operation cost of CHP unit at time t.
P/ Produced power from wind turbine (KW) C/  Operation cost of diesel generator at time t.
P Consumed power of RO unit (KW) C/  Operation cost function of boiler at time t.
P Charged power in the storage unit at time t (KW) Of  Total operation and transferring cost.
Pps Discharged power of storage unit at time t (KW) Binary variables, €{0,1}
P Produced power from CHP unit at time t (KW) o Binary variable to charging status of battery.
P# Produced power from diesel generator (KW) o= Binary variable to discharging status of battery.
H#* Produced heat from CHP unit at time t (KW) Parameters
H/* Produced heat from heater at time t (KW) PpPem The electric power demand at time t (KW)
Egs  Storage capacity of battery at time t (KW) H> The heat demand at time t (KWth)
F,  Consumed fuel at time t (m?®) WP The drinking water demand at time t (m°)
Cr=  Transferring price of fuel and water ($/Tanker)
Cap™ Capacity of transfer fuel and water tank. (m?)
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2. Introduction

With the rapid development of the world economy, en-
ergy demand is increasing dramatically, and the energy
crisis and environmental problems are constantly emerg-
ing. Power generation by distributed generators (DGs),
especially renewable energy power generation and com-
bined heat and power (CHP) technologies due to effi-
ciency improvement, and reduction of power loss and
enhancement of service reliability in distribution systems
has become the focus of energy systems studies world-
wide [1- 2]. On the other hand, beside the growth of en-
ergy consumptions, potable water demands increases. The
problem becomes more acute in remote areas and islands
where it is difficult to obtain drinking water. In remote
areas, the potable water requirements can be covered by
the transportation with water carrying boats or tankers.
Another alternative and supplementary non- conventional
solution that has already been implemented in various
cases is the construction and operation of desalination unit
witch desalinates sea and brackish water. On the other
hand, desalination units consume energy to produce
potable water from sea or well. Meanwhile, the energy
carriers must be feed required electrical, thermal demands
as well required energy of desalination unit in economical
way.

First of all, it is important to review most technical and
economical ideas presented in the literatures that focus on
operation scheduling and facilities of distributed energy
resources and CHP units as well as application of desali-
nation units.

The growing pressure, driven by environmental, eco-
nomic and technical challenges for generating more elec-
tricity from distributed energy resources, especially
renewable energy resources. Also, improving energy ef-
ficiency has promoted the application of DER into elec-
tricity systems [3]. The survey of DER comprise several
technologies, such as diesel engines, micro turbines, fuel
cells, photovoltaic, small wind turbines, etc. and the co-
ordinated operation as well control of DER together with
controllable loads and storage devices are presented in
[4]. The operation and control strategies of integrated dis-
tributed energy resources will be reviewed in [5]. DERs
have many advantages, but the intermittence of these re-
sources is considered their main disadvantage, so, a large
storage system must be used in order to overcome the in-
termittence of these resources [6].

In [7- 8], a mixed integer linear programming (MILP)
model for the design of a DER system that meets the elec-
tricity and heating needs of a group of commercial and
residential buildings while minimizing annual investment
and operating cost is proposed. In [9], the authors reported
that, low voltage AC and DC micro-grid systems with
multi-converter devices can achieve high reliability, high
efficiency and high quality power supply for the future
energy systems. In [10- 11], a local energy management

strategy has been put forward for hybrid of PV units and
storage units in micro-grids.

Micro-grid is an integrated form of DERs, loads and
storage units, and is installed to supply small communities
like universities, hospitals, schools, commercial and res-
idential centers and industrial projects [12- 13]. The mod-
eling and energy management of the micro-grids
including renewable energy and combined heat and power
generators that can meet the heating and electricity load
needs is reviewed in [14]. According to literatures, such
type of problems is considered as energy-related problems
or energy hub concept, too. A combined heat and power
(CHP) technologies with distributed generation units and
renewable energy sources provides an effective solution
to energy-related problems, including increasing energy
demand, higher energy costs, energy supply security, and
environmental concerns. Moreover, first of all, it is im-
portant to remember that in the recent years, many proj-
ects and national regulations around the world have been
developed to enhance the spread of distributed generation
technologies and the development of smart grid pilot fa-
cilities. One of the most significant challenges of energy
distribution network companies is producing electricity,
heat and cooling demands. One specific solution to over-
come the problem is operating different energy networks
such as gas and electricity simultaneously. A vague ap-
proach to utilization of the networks is “Energy Hubs”.
Energy hub entails electricity, gas, heat, and sometimes
cooling networks. Energy hub enters gas and electricity
as its inputs. Renewable energy resources also can con-
nect to the network. Energy hub function is supplying
electricity and heat demands in order that operation costs
minimize. CHP is employed as heart of energy hub in
which simplifies integration of different energy networks
[15].

In [16] an innovative method for modeling energy hubs
based on energy flow between its constituent elements.
Using this method, modeling of energy hubs with differ-
ent elements and connections is facilitated. Also, an ap-
propriate mixed integer nonlinear programming model is
presented for short term 24-hour scheduling an energy
hub, in which, the objective is to fulfill daily cooling,
heating and electric demands of a hypothetical building
with the maximum profit. In [17] a new formulation of
hub energy systems considering certain operation con-
straints is presented means of limiting the number of state
changes (startups or shutdowns). This is achieved by spec-
ifying a minimum time for which the plant must operate
once it is running. The second innovation is the use of
stepwise approximations of efficiency curves, thus allow-
ing part-load behavior to be accurately simulated using a
linear model. The third innovation adds a storage loss
term that is a percentage of the current amount stored,
rather than a fixed value.

Conspicuous matter in literatures related to the opera-
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tion of the micro-grid and energy hub systems is ignoring
water desalination units along energy systems. While, De-
salination plants can provide drinking water in areas
where no natural supply of potable water exists. Some is-
lands get almost all of their drinking water through de-
salination plants. In other hand, in some areas drinking
water can be provided through transportation fresh water
by water boats in islands or tankers in another remote re-
gion.

In the last decade, desalination, especially by reverse
osmosis (RO), has become one of the principal safe
sources of supply of potable water, and even water for
agricultural use, it is in the Mediterranean, Africa, the
Middle East, and so on, where the potable water supply
is a high priority problem. All this leads to the need to
identify new sources of supply such as the desalination of
brackish or sea water.

Coupling of power, heat energy and desalination sys-
tems holds great promise for increasing water supplies in
water scarce regions. An effective integration of power
technologies will allow supplier to address water shortage
problems with a domestic energy source that does not pro-
duce air pollution or contribute to the global problem of
climate change. In [18], the term “poly generation” is in-
troduced to as “an energy supply system, which delivers
more than one form of energy to the final user”, for ex-
ample: electricity, heating/ cooling, desalination can be
delivered from poly-generation process. The poly-gener-
ation demonstrates unique integration of energy efficiency
and renewable energy. It is the next generation energy pro-
duction technique with a potential to overcome intermit-
tence of renewable energy, reduce cost of power
generation and greenhouse gas emissions.

Meanwhile the costs of desalination and renewable en-
ergy systems are steadily decreasing [19], while fuel
prices are rising and fuel supplies are decreasing. In ad-
dition, the desalination units powered by renewable en-
ergy systems are uniquely suited to provide water and
electricity in remote areas where water and electricity in-
frastructure is currently lacking [20]. As the energy cost
is one of the most important elements in determining
water costs where the water is produced from desalination
plants. A novel combined thermoelectric power genera-
tion and water desalination system is described with a sys-
tem schematic.

The main contributions of this paper are:

The operation problem of poly-generation systems in-
cludes water and electrical as well heating is modeled.
Due to achieve comprehensive scheduling model, the
storage device, RESs and CHP and DERs are considered.

Time dependent parameters such as WT and PV output
powers during the planning period are intended utilizing
load duration curves. Model of hybrid water and energy
system is accomplished using specific heat capacity of

used fuels and water.

The main goal of the water-energy management system
in this paper is to minimize energy and water cost under
the integrated scheme by scheduling the DERs and desali-
nation unit considering the operation cost of components
and transportation cost of drinking water and fuel to re-
mote considered area. Therefore, optimal scheduling of
all energy resources and desalination unit is the most im-
portant step in achieving economic operation scheme. So,
the accurate model of operation cost, technical constraint
of components is including diesel generator (power only
unit), boiler or heater (heat only unit), renewable energy
resources such as wind turbines and photovoltaic panels
as well as CHP unit presented.

The rest of the paper is organized as follows: The pro-
posed hybrid water- energy system architecture and com-
ponents are described in Section 3. Section 4 presents the
mathematical models of scheduling problem developed
which is a mixed integer non-linear program. Extensive
realistic study is discussed in Section 5 and concluding
remarks are drawn in Section 5.

3. Problem Mathematical Model

The main goal of the energy and water management
system in this paper is to obtain optimal scheduling of
DERs and RO desalination unit through minimizing op-
eration and transportation cost of components and carri-
ers, respectively. The overall architecture of the proposed
system is demonstrated in Fig. 1.

In this paper, the energy management problem in a re-
mote area is modeled as a MILNP over a specific predic-
tion horizon of period (T) along with discrete time steps
(t € T). In this study, the time resolution is considered 1-
hour, therefore one day has 24 slots.

3. 1. Distributed energy resources

The main energy resources are heater or boiler (heat
only unit) and diesel generator (power only unit) that are
described in this section.

A diesel generator is the combination of a diesel engine
with an electric generator to generate electrical energy.
Diesel generating sets are used in places without connec-
tion to a power grid, or as emergency power supply if the
grid fails, as well as for more complex applications such
as peak-lopping, grid support and export to the power grid
[21]. Also, the boiler is considered in this paper which can
be produce heat. The operation cost of power and heat
units can be written as follows [22]:

Cl=y =P’ ()

Cl=y"xH/ )
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Fig. 1. The architecture of management of multi- generation system

As depicted in Equations. (1)- (2). The operation cost
of a conventional only power and only heat (boiler) units
are supposed to be linear and.

3. 2. Combined heat and power unit

The primary motivation for incorporating CHP units is
providing electrical and thermal energy, simultaneously.
During electricity generation process of CHP systems,
waste heat is employed to provide thermal energy. This
process will result in the improvement of energy systems
efficiency as well as a significant reduction in the cost of
thermal energy generation. It should be mentioned that,
in a CHP unit, the power generation boundaries depend
upon the heat generation of unit and the heat generation
boundaries depend on the power generation of the unit.
The feasible operation region of CHP is illustrated as Fig.
2. As shown in Fig. 2, boundaries of FOR is limited by
minimum and maximum fuel consumption as well maxi-
mum heat extraction of CHP units which can be formu-
lated as Equations. (3)- (7).

The CHP operation cost modeled as [23]:

P (KW)
A

A
115%4¢ Limited by maximum fuel
consumption
B

100%

Limited by maximum
heat extraction

Limited by minimu
fuel consumption

H (KWth)

Fig. 2. Power-heat feasible region for a CHP unit
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The operation cost of CHP is defined as [23]:

CcM = ax(Pf”P)2 +bx P +c+dx(Hf‘"’)2 +

exH™ +fxHM™ x P

®)

where a, b, ¢, d, e and f indicate the cost function coeffi-
cients of CHP unit. Also, and state the produced power
and heat from CHP units at time interval t, respectively.

3. 3. Wind turbine

Nowadays, the use of wind energy for power genera-
tion is continually increasing. The wind turbine is one of
the commonly used renewable energy sources for the
micro-grid systems. It converts the wind energy coming
from air current flowing across the earth's surface into
electrical energy. Depending on controllability, the oper-
ating systems of the wind turbine are classified into either
variable speed wind turbines or constant speed wind tur-
bines [24]. The total available wind power of a WT is a
function of the wind speed and turbine characteristics and
can be modeled by Eq. (37) as follows [25]:

0 V<V9 v>ve
V _VCI
p" =JpPM x—V; Ve Ve<v <V )
p™ VBV <V

max

3. 4. PV arrays
PV is a prominent renewable energy resource. It is the
second most expanded power supply in which, the global
operational installed capacity reached to 100 GW, in 2012
[26]. It is considered as one of the commonly used renew-
able energy sources for the micro-grid systems [27]. The

power generated by a PV system, is a function of the
solar radiation and is expressed as follow [28].

P(PV — APVy(Z +BPVyl +CPV (10)

in which and are generation power function coefficients
of PV, and 1is forecasted solar radiation at time t.

3. 5. Storage devices

The energy storage devices such as batteries, fly-
wheels, and ultra-capacitors must be included in micro-
grid operation, especially in islanded mode to ensure
uninterrupted power supply during disturbances and/or
drastic load changes [29]. These devices have a limited
energy storage capacity due to their physical limitations.
Rechargeable battery is commonly used in micro-grid op-
eration [30]. The operation characteristic of storage units
can be defined in the operation problem as follows [31]:

Energy balance constraint of the storage can be ex-
plained as:

Disch
E<E <E .
P x 8" <P <P x§" 13)
R S B PO 19
8 48 = 1 )

It should be noted that the battery does not charge and
discharge simultaneously. Therefore, binary variables
and are implemented to model the status of energy stor-
age. In the Equations. (13)- (15), () means that the energy
storage is charging (discharging) at time interval t related
to the scenario. These limitations will force the storage
device to buy and charge energy at low market price hours
and sell it at high market price hours.

3. 6. Desalination unit

Desalination is one of the most important processes to
provide water to population in water scarcity areas. But
desalination processes consume a lot of energy; unfortu-
nately, the majority of the energy currently used for de-
salination is obtained from oil or natural gas.
Co-generation plants providing freshwater but also elec-
tricity are installed in the arid areas; the combination of
steam turbine plants and multi-stage flash (MSF) units is
one of the most common schemes for the water and en-
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ergy requirements [32]. If desalination is powered almost
entirely by the combustion of fossil fuels, these fuels are
rapidly being depleted because of their finite supply, but
also they pollute the air and contribute to global climate
change [33]. Development of renewable-driven desalina-
tion is still severely impeded, if not buried, by the pressure
of contemporary economic factors and political inertia.

Reverse Osmosis process is used chiefly for separating
the solvent (water) from aqueous salt solutions. The
brackish water, pumped from a well to a storage tank,
passes through the desalination unit and exits in two
branches, one as potable water that is stored in special
tank and another as brine water. The feed water enters the
unit at a salinity value of around 3400 ppm and exits as
fresh water permeate at a salinity of around 30 ppm. An
external mixing process is arranged at the exit to produce
water for consumption at a salinity level of around 300
ppm.

The electric power consumption of desalination unit is
considered as:

P W Fo 16)
t t WODes

4. Solution procedure

In other hand, some other constraint and parameter
must be considered in the optimization problem such as
power, heating and water balances as follows:

Water balance

W‘Des + W‘Tznk — W(Dem (17)

Heat balance

The balance of thermal energy resources must satisfy
heat demands over operation periods which can be ex-
plained as:

HY o+ O = (18)

The cost of transferring required fuel and drinking
water is considered in the objective function. The cost of
transferring fuel and water are fit with number of fuel and
water tanks. So, the amount of fuel and water tanks which
is transferred by boats or tanker is determined as follows:

The fuel consumption can be calculated using thermal
value of energy carrier and produced power of energy re-
sources as the following equations.

[P x855+P™" x855+ H! x344
F = (19)
9220

Fuel = t; Ft (20)
— Fuel

NF = /C ap™ 21

NW — z Wlank /CapTank (22)

t=1.T

It is must be noted that the conversion of energy from
watt to Cal is implemented in the above equations. As we
know 1 Kw is equal to 9920 Cal.

The amount of consumption fuel in the energy re-
sources can be determine using thermal value of energy
carrier and such as gasoil or other fossil carriers.

In the proposed paper, the operation costs of energy re-
courses and transferring costs of fresh water and fuel by
boats or tankers are considered as objective function over
scheduling period. The mathematical form of objective
function and constraints are written in the next sections.

of = Y [CI+CIM +C |+ C™ ™ x (NF+NW)  (23)

t=1.T

The objective of the proposed method is minimizing
(23) subjected to the constraints and Equations (1)- (22).
The employed optimization method in this research is
based on mixed integer programming (MILP). The
GAMS software package is used for simulating the pro-
posed method.

5. System study

In this section, the proposed method is implemented in
optimal operational scheduling problem of multi carrier
systems over a 24-hour time interval. The consumer con-
sidered in case studies comprises desalination unit, trans-
ferring fresh water to supply drinking water requirements.
Also, renewable energy resources, CHP, boiler as well as
diesel generator are energy sources to meet power and
heating demands. Desalination process is considered
based on reverse osmosis technology, which consumes
electricity. The heating and electricity end-uses during
typical July in week day are presented in Table 1. Also,
the need of drinking water is assumed to be 3.5 m3 in all
hours.

The feasible operation region of CHP and parameters
of boiler and diesel generator is scaled and adopted form
of a simple test case proposed by Ref. [24]. Parameter of
wind turbine and photovoltaic arrays, desalination units
and cost coefficients of problem are listed in Table 2.
Table 3 summarizes the simulation results of study with-
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Table 1. Electric and heat demands and speed of wind as well radiation of solar

Time | poe () | H™(kWth) | v (m/s) | y (kW/m?®) | Time | pr=(kw) | H™(kWth) | v, (m/s) | y, (kW /m®)
1 15.78 11.59 1.2 0 13 17.27 10.51 2.142 4.68
2 14.01 8.52 0.828 0 14 17.71 14.48 2.171 458
3 13.85 8.97 0.285 0 15 17.75 15.43 2.028 4.68
4 13.25 6.93 0.371 0 16 17.96 11.12 2.4 3.67
5 12.87 3.61 0.885 0 17 18.23 15.43 24 3.16
6 12.68 5.14 0.685 0.06 18 18.20 14.38 24 0.63
7 12.89 10.62 0.171 0.43 19 17.77 12.75 24 0.43
8 13.06 11.35 0 0.63 20 17.39 15.01 2.4 0
9 13.86 12.30 0 2.24 21 16.76 16.34 2.4 0
10 14.91 10.70 0 3.41 22 16.85 16.28 2.4 0
11 16.09 11.06 0 3.67 23 16.24 13.43 2.4 0
12 16.69 13.70 2.142 4.48 24 15.32 10.47 2.4 0

Table 2. Parameters of implemented in the scheduling problem of multi-generation system

Parameter Amount Parameter Amount
Capm 30 A 0.0000000435
CT'““ 10 B 0.036
Ner 0.9 C 0.0125
Mo 0.9 D 0.0006
P(,D“ 1.8 E 0.000027
VV(,D&" 3 F 0.0234
v 0.0256 A (P HOT) (1.25,0)
‘VH 0.0234 B (PéiHP’ H(B‘HP) (0, 0.46076)

3 2 C (P, HO™) (13.069, 8.64)
., 5 D (B H{") O3651,0)

out considering desalination procedure.

According to Table 3, total power and heat generation
cost concerning this case is $4.329. This cost consists of
CHP and boiler. Transferring cost of fuel and water to
considered remote area is equal to 40 $. The daily trans-
ferred fuel and drinking water is 3 and 1 tankers with ca-
pacity 30 m3, respectively. The daily power and heat
obtained from energy recourses over operation hours are
illustrated in Fig. 3- 4.

If the desalination unit as the contribution of this paper
is used, the operation and transferring costs as well other
economic characteristics can be modified as Table 4.

Table 3. results of multi carrier system without desalination

unit
Variable Value
NF 1
NW 3
Operation cost 4.329
Transferring cost 40
Objective function 44.329

As reported in the Table 4, the operation cost of energy
resources is 4.029 $ which is increased 25% respect to
previous state. Also, the implementation of desalination
process to provide drinking water can reduce %75 cost of
transferring. In this state, number of required tankers to
transfer carriers (water and fuel) is 1 and 1, respectively.
Figures 5-7 depict the generated power and heat and water
by generation units in the scheduling horizon, respec-
tively. In the best of authors knowledge there is not a
paper which scheduling energy resources to feed water
and electricity and heat demands. To validate the proposed
method, the method in [34] are implemented for the prob-

Table 4. results of multi carrier system with desalination unit

Variable Value
NF 1

NW 1
Operation cost 4.829
Transferring cost 10
Objective function 14.029
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Fig. 5. Generated and consumed power of energy resources in the scheduling period

lem and it is assumed that the water is supplied with the
transferred tankers from remote areas. In [34] the feasible
operation region of CHP is considered simple and convex.
Therefore, the real characteristic for CHP is not presented
in [34]. Regard this that in the presented paper, the char-
acteristic of CHP is more exact, the result shows the ef-
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fectiveness and validity of proposed method. Considering
the above comparison shows the exact results can be
achieved by real and exact models. The results of this case
are denoted in the Table 5. As shown in Table 5, the use
for fuel regarding sample and inexact model of CHP is in-
creased. This is due to the inefficiency of CHP consider-
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Fig. 7. Provided water of system in the scheduling period

ing sample model.

These figures illustrate the thorough participation of
generation units as PV, WT, storage and CHP units. As
shown the conventional generation such as diesel gener-
ator and non-participation of the conventional generation
units. This fact is due to less operation cost of cogenera-
tion units as well as their high efficiency. The priority in
the scheduling problem is to satisfy the consumer’s de-
mand with minimum cost. Therefore, CHP unit produces

Table 5. results of multi carrier system using simple character-
istic of CHP and without desalination unit

Variable Value
NF 2

NW 3
Operation cost 4.637
Transferring cost 50
Objective function 54.637
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heat more than heater unit in order to supply the heat de-
mand with less cost. In addition, as it can be inferred and
was expected, renewable energy resources participate in
supply electrical demand of customer and desalination
units due to their less or zero operation cost.

6. Conclusion

This paper presented the optimal operation scheduling
of a remote customer with different types of energy re-
quirements consists of electrical, thermal and drinking
water which there is no access to main electrical and water
distribution grid. The required demands can be supplied
by renewable energy resources, CHP, boiler and diesel
generator and desalination units. Besides, renewable en-
ergy resources and desalination unit transferring fuel and
water are options which can be meet other energy sources
and drinking water. The decision-making problem to de-
termine optimal scheduling and scheme of resources are
modeled based on MILP and implemented on GAMS op-
timization software package and using CPLEX solved. A
new framework has been proposed to implement the hy-
brid water and electrical as well heating systems. In the
proposed framework, all operation constraints of re-
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sources such as FOR of CHP unit in its dual P-H charac-
teristic are considered. Also, the optimal scheme deter-
mines amount of generated power and heat of all
considered energy resources, WT, PV, diesel generator
and boiler as well CHP unit. The amount of transferred
fuel and drinking water considering the transferring cost
in objective function is determined. The performance of
the proposed framework is confirmed through studying
case. The results show that the total costs decrease from
$40.329 to $14.029 by implementing RO desalination
units to supply drinking water, when the capacity of de-
salination unit is limited.

References

[T A. Sheikhi, A. M. Ranjbar, H. Oraee, and A.
Moshari, “Optimal operation and size for an energy
hub with CCHP”, Energy and Power Engineering,
Vol. 3, No. 5, pp. 641, 2011.

[2]  A. Sheikhi, B. Mozafari, and A. M. Ranjbar, “CHP
optimized selection methodology for a multi-carrier
energy system”, In PowerTech, 2011 IEEE Trond-
heim, pp. 1-7, 2011.

[3] A., Sheikhi, A. M., Ranjbar and H., Oraee, “Finan-
cial analysis and optimal size and operation for a
multicarrier energy system”, Energy and Buildings,
Vol. 48, pp. 71-78, 2012.

[4] H., Jiayi, J., Chuanwen and X., Rong. “A review
on distributed energy resources and MicroGrid”,
Renewable and Sustainable Energy Reviews, Vol.
12, No. 9. pp. 2472- 2483, 2008.

[5] H.A. Rahman, M. S, Majid, A. R., Jordehi, G. C.,
Kim, M. Y., Hassan and S. O., Fadhl, “Operation
and control strategies of integrated distributed en-
ergy resources: A review”’, Renewable and Sustain-
able Energy Reviews, Vol. 51, pp. 1412-1420,
2015.

[6] P.,Basak, S., Chowdhury, S. H., nee Dey and S. P,,
Chowdhury, “A literature review on integration of
distributed energy resources in the perspective of
control, protection and stability of microgrid”, Re-
newable and Sustainable Energy Reviews, Vol. 16,
No. 8, pp. 5545-5556. 2012.

[71 A.,Omu,R., Choudhary and A., Boies “Distributed
energy resource system optimization using mixed
integer linear programming”, Energy Policy; Vol.
61, pp. 249-66, 2013.

[8] M. R., Aghamohammadi and H., Abdolahinia “A
new approach for optimal sizing of battery energy
storage system for primary frequency control of is-
landed Microgrid”, International Journal of Elec-
trical Power & Energy Systems, Vol. 54. pp.
325-33, 2014.

[91 1. J., Justo, F., Mwasilu, J., Lee, and J. W., Jung,
“AC-microgrids versus DC-microgrids with dis-
tributed energy resources: a review Renewable and

[10]

[12]

[13]

[16]

[17]

[19]

Sustainable Energy Reviews, Vol. 24. Pp. 387-405,
2013.

M., Sharma and K. P., Vittal, “A Heuristic Ap-
proach to Distributed Generation Source Allocation
for Electrical Power Distribution Systems”, Iranian
Journal of Electrical and Electronic Engineering,
Vol.6, No. 4 pp. 224-231. 2010.

Choudar A, et. al. “A local energy management of
a hybrid PV-storage based distributed generation
for microgrids”, Energy Conversion Management
Vol. 90, pp. 21-33, 2015.

A. M., Abdilahi, A. H. M., Yatim, M. W., Mustafa,
O. T, Khalaf, A. F., Shumran and F. M., Nor, “Fea-
sibility study of renewable energy-based microgrid
system in Somaliland's urban centers”, Renewable
and Sustainable Energy Reviews, Vol. 40, pp.
1048-1059, 2014.

E., Rokrok. “A Novel Passive Method for Islanding
Detection in Microgrids”, Iranian Journal of Elec-
trical and Electronic Engineering, Vol. 12, No. 1,
pp. 82-90, 2016.

W., Gu, Z., Wu, R., Bo, W., Liu, G., Zhou, W.,
Chen and Z., Wu, “Modeling, planning and optimal
energy management of combined cooling, heating
and power microgrid: a review”, International Jour-
nal of Electrical and Power Energy Systems, Vol.
54, pp. 26 -37, 2014.

S., Paudyal, C. A., Caiiizares and K., Bhattacharya,
“Optimal operation of industrial energy hubs in
smart grids”, IEEE Transactions on Smart Grid,
Vol. 6, No. 2, pp. 684-694, 2015.

I. G., Moghaddam, M., Saniei and E., Mashhour.
“A comprehensive model for self-scheduling an en-
ergy hub to supply cooling, heating and electrical
demands of a building”, Energy, Vol. 94, pp. 157-
170, 2016.

K., Orehounig, R., Evins and V., Dorer, “Integra-
tion of decentralized energy systems in neighbour-
hoods using the energy hub approach”, Applied
Energy, Vol. 154, pp. 277-289, 2015.

U., Sahoo, R., Kumar, P. C., Pant and R., Chaud-
hury, “Scope and sustainability of hybrid solar—bio-
mass power plant with cooling, desalination in
poly-generation process in India”, Renewable and
Sustainable Energy Reviews, Vol. 51, pp. 304- 316.
2015.

D. A., Dehmas, N., Kherba, F. B., Hacene, N. K.,
Merzouk, M., Merzouk, H., Mahmoudi and M. F.,
Goosen, “On the use of wind energy to power re-
verse osmosis desalination plant: A case study from
Ténes (Algeria)”, Renewable and Sustainable En-
ergy Reviews, Vol. 15, No. 2, pp. 956-963, 2011.
M. F., Goosen, H. Mahmoudi and N., Ghaffour,
“Today's and future challenges in applications of
renewable energy technologies for desalination”,

290 Iranian Journal of Electrical & Electronic Engineering, Vol. 12, No. 4, December 2016



[21]

[27]

[30]

[32]

Critical Reviews in Environmental Science and
Technology, Vol. 44, No. 9, pp. 929-999, 2014.
M., Alipour, K., Zare and B., Mohammadi-Ivatloo.
“Short-term scheduling of combined heat and
power generation units in the presence of demand
response programs”, Energy, Vol. 71, pp. 289-301,
2014.

M. T., Hagh, S., Teimourzadeh, M., Alipour and P.
Aliasghary, “Improved group search optimization
method for solving CHPED in large scale power
systems”, Energy Conversion and Management,
Vol. 80, pp. 446- 456, 2014.

M., Alipour, K., Zare and B., Mohammadi-Ivatloo.
“Optimal risk-constrained participation of indus-
trial cogeneration systems in the day-ahead energy
markets”, Renewable and Sustainable Energy Re-
views, Vol. 60, pp. 421-432, 2016.

D., Seifried, W.,Witzel, Renewable energy: the
facts. Germany: Routledge; 2010.

Y., Fu, M., Liu and L., Li, “Multiobjective Stochastic
Economic Dispatch With Variable Wind Generation
Using Scenario-Based Decomposition and Asynchro-
nous Block Iteration”, IEEE Transactions on Sustain-
able Energy, Vol. 7, No. 1, pp. 139- 149, 2016.

M., Jabeen, M., Umar, M., Zahid, M. U., Rehaman,
R., Batool and K., Zaman, “Socio-economic
prospects of solar technology utilization in Abbot-
tabad, Pakistan’, Renewable and Sustainable En-
ergy Reviews, Vol. 39, pp. 1164-1172, 2014.

R., Noroozian, M., Abedi, G. B., Gharehpetian and
S. H., Hosseini. “Operation of Stand Alone PV
Generating System for Supplying Unbalanced AC
Loads.”Iranian Journal of Electrical and Electronic
Engineering, Vol. 3, No. 3, pp.98-115, 2007.

S., Mohammadi, S., Soleymani and B., Mozafari
“Scenario-based stochastic operation management
of MicroGrid including wind, photovoltaic, micro-
turbine, fuel cell and energy storage devices”, In-
ternational Journal of Electric and Power Energy
Systems, Vol. 54, pp.525-535, 2014.

J. O., Dada, “Towards understanding the benefits and
challenges of Smart/ Microgrid for electricity supply
system in Nigeria”, Renewable and Sustainable En-
ergy Reviews, Vol. 38, pp. 1003- 1014, 2014.

H., Afkar and M., Ebadian. “A grid-connected PV
inverter with compensation of Load active and re-
active power Imbalance for distribution networks”,
Iranian Journal of Electrical and Electronic Engi-
neering, Vol. 12, No. 2, pp. 168-176, 2016.

A. G., Madureira and J. P., Lopes. “Coordinated volt-
age support in distribution networks with distributed
generation and microgrids”, IET Renewable Power
Generation, Vol. 3, No. 4, pp. 439- 454, 2009.

N. M., Wade, “Energy and cost allocation in dual-
purpose power and desalination plants”, Desalina-

[33]

[34]

tion, Vol. 123, No. 2, pp. 115-125, 1999.

J., Uche, L., Serra and A., Valero, “Thermoeco-
nomic optimization of a dual-purpose power and
desalination plant”, Desalination, Vol. 136, No. 1,
pp. 147-158, 2001.

P., Arbabi, A., Abbassi, Z., Mansoori and M., Seyfi,
“Joint numerical-technical analysis and economical
evaluation of applying small internal combustion
engines in combined heat and power (CHP)”, Ap-
plied Thermal Engineering, Vol. 113, pp. 694-704,
2017.

Reza Ghaffarpour Received his
B.S. degree in Electrical Engi-
neering from Shahid Bahonar
University in 2008, Kerman,
Iran, and M.S. degree in Electri-
‘ cal Engineering from Amirkabir
University of technology in
2010, Tehran, Iran. He is currently a Ph.D. student
in the Department of Electrical Engineering at Is-
lamic Azad University, Science and Research
Branch, Tehran, Iran. His research interests include
hybrid renewable energy systems planning.

Babak Mozafari Received his
B.S., M.S., and Ph.D. degrees in
Electrical Engineering from
Sharif University of Technology,
Tehran, Iran in 1998, 2001, and
2007, respectively. He is cur-
rently faculty member of De-
partment of Electrical Engineering of Islamic Azad
University, Science and research branch as associ-
ated professor. He is the author of about 50 scien-
tific publications on journals and international
conferences. His research interests include power
system operation and planning.

Ali-Mohammad Ranjbar Re-
- ceived his B.S., M.S., degrees in
J Electrical Engineering from
Tehran University, Tehran, Iran
-— in, 1963, 1967 respectively and
Ph.D. degree in Electrical Engi-
} neering from Imperial College,
London in 1976. He is currently faculty member of
Department of Electrical Engineering of Sharif
University of Technology as professor. He is the au-
thor of about 200 scientific publications on journals
and international conferences. His research inter-
ests include power system protection, hybrid re-
newable energy system, and power system
operation

Iranian Journal of Electrical & Electronic Engineering, Vol. 12, No. 4, December 2016 291



