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Abstract: This paper proposes a methodology for practical techno-economic evaluation of Distributed
Generation (DGs) for electric vehicle charging station in smart grid. In this method, the interaction of
Electric Vehicles (EVs) in smart grid is considered. An important issue is that high penetration of electric
vehicle (EVs) brings heavy electricity demand to the power grid. One effective way is to integrate distributed
generation (DGs) into charging infrastructure. In this paper at the first stage, candidate buses for installation
of DGs and EV charging station. Then the financial benefit of investors obtained from heat selling of the
CHP units (in DGs) is determined through an economic analysis at this stage. Studying the interaction
between EVs and DGs in the distribution system, the financial benefit of the distribution company obtained
from loss reduction is evaluated through a techno analysis. Finally considering the distribution company and
investors as players, the best location and capacity of DGs and EV charging station will be achieved for
installing in the distribution buses using a Nash equilibrium point in game theory (GT) approach. The
applicability of the proposed method is examined on a sample distribution feeder.

Keywords: Techno-Economic evaluation, DG, electric vehicle charging station, smart grid.

1. Introduction optimally operate the system. Reduction of losses,
The use of DG in the distribution system has improvement of the voltage profile together with
proved to be beneficial, considering technical and voltage regulation are considered as some
economic issues [1-3]. significant indicators to optimize the location and
Among the different types of DG technologies, capacity of these generators [4,5], which can by
CHP is capable of generating heat and electricity achieved using intelligent search methods such as
simultaneously through a combined cycle of co- genetic  algorithm ~ (GA), particle  swarm
generation scheme. It supplies the heating or optimization (PSO) and tabu search (TS) [6].

When it comes to CHP placement, in addition

cooling systems of consumers through recycling s ’ )
to the above technical analysis, the economic

its waste heat, making it a lucrative option to

increase efficiency by 75% and even more. Since analysis is usually considered. In this analysis, the
the natural gas is abundant in Iran, these power investment criterion is considered to optimize the
plants are considered as beneficial substitutes for heat ~and power output of CHP units,

the generating electricity and heat separately. simultaneously [7]. o
However, improper placement of distributed With the installation of CHP at the distribution

generation resources may diversely affect the network, the distribution network changes from a

performance of the power system. Accordingly passive network into an active one that may result
determining the location, number and size of DG in improving the network pferformance in terms of
units, for installation on the distribution system, energy loss and power quality [8].

known as the DG placement problem, is crucial to
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The Improvement obtained from these

technical indicators is more considerable by nodal
pricing methods that considers the electrical
energy prices of b uses to which CHP is
connected. In other words, the CHP installation
can be more effective at the nodal pricing of buses
[9]. In addition to improving the technical
indicators that are desirable for distribution
companies, CHP installation will create the
opportunity to benefit from supplying heating and
warm water for consumers around the bus, which
is favorable to CHP investors.
Thus, considering technical and financial aspects
in CHP placement, which highly depends on the
strategy and policy of players in this activity, is a
challenging issue for both the distribution
companies and the investors.

In recent years, Game Theory (GT) has
become just popular to solve such types of
problems. Generally, where a group of individuals
or firms competes with each other or they
cooperate in a team, GT can be used to model
competition between them. Song Yiqun [10] using
non-cooperative GT and Nash-Stackelberg
equilibrium, a new method to determinate the
power market is presented. Lance B.cunningham
[11] also using Game Theory and Corn out
equilibrium, a way to model the transmission line
congestion in the electricity market, is presented.
Lance B.cunningham [11] cooperative Game
Theory has been used, and the consumers of heat
and power are considered as members of the
coalition to achieve higher profits by reducing
investment and increasing the efficiency of co-
generating electricity and heating (CHP). Samaie
and Moradi [12] present a hybrid and practical
method for allocation of combined cooling,
heating and power (CCHP) generator at the bus.
They obtain the suitable location of CCHP based
on Game Theory and considering the Distribution
Company and investors as players.

Some of the previous studies on electric
vehicle integration have focused on the
availability = of  generating  capacity to
accommodate additional demands of electric
vehicles, based on the assumptions that the
charging of vehicles is limited to the off-peak
hours [13-15]. However, such system level
analysis may not address the coincident peaks of
electric vehicle charging as well as conventional
loads in the distribution system levels. The
uncertainty that may result from the electric
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vehicle driving patterns, penetration levels and
charging of electric vehicles in the electric
distribution systems could result in new system
peaks and negative distribution system impacts.
However, the coordination of smart charging
(controlled charging) of the electric vehicles
through two-way communication systems can
facilitate most of the battery charging during off-
peak hours [16,17]. During the last two decades,
some research has been conducted investigating
the impacts of market integration of electric
vehicles into the utility distribution load profile
[18-20]. Other recent investigations have also
examined the network limitations of large
numbers of electric vehicles onthe distribution
system operation in terms of overloading, power
quality and loss of life of components [21].

In this paper, a new method has been
developed for DGs allocation. Using cooperative
game theory, investors and distribution companies
have been modeled as the coalition members in
the proposed method to achieve higher profits and
improved technical indicators of network. The
proposed new method has three stages as follows:
At the first stage, candidate buses for installation
of DGs and EV charging station by introducing a
fuzzy function. Investigating the interaction
between EVs and DGs in the smart grid the
financial benefit of the distribution company due
to loss reduction is evaluated through a technical
analysis. Finally, considering the distribution
company and investors as players, the best
location and size of DGs consist of CHP units is
finally determined using a game theory (GT)
approach, in which the distribution company and
investors are modeled as players. By obtaining the
Nash equilibrium point in game theory method,
the suitable location and capacity of the DGs and
EV charging station will be achieved for installing
in the distribution buses. Finally, the case study
results for the sample feeder are provided.

2. Techno-Economic Evaluation

In this section techno-economic evaluation of
DGs for electric vehicle, charging station in smart
grid is presented.

2.1. Economic Evaluation

The power at bus i can be represented by (1):

Pri =Py + Qi (1
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Qni = jZ:I:thj (2)

where:
P,, : Active power consumption at bus i

th :
possibility at bus i.

The electrical equivalent of heat selling

P : Total power.

In the above equations, Qui s supplied by DGs
sources that only connected to bus "i", and if it
will be supplied by other busses, heat and cooling

loss, eliminate this possibility while P, can be

supplied by other buses of the network. The
optimization problem can be divided into two
parts:

* Optimization with regard to consumption of
Pe, for each bus of the network that can be also

supplied by generators at other buses.

* Optimization with regard to Qy; the sale of heat
(equivalent to electric power) for each bus of
network that is supplied by generator at the same
bus only.

Amount of heat consumption (equivalent to
electrical power) Qg

The calculation of the energy needed for different
loads (various applications) according to
references [21], has done for 1000 m’
infrastructure, and this point is considered that,
Iranian power plant uses natural gas with special
heating value of 9434 Kcal/m® or 1060 Btu / ft’.
For example, in multi-unit residential building
that uses the central heating systems (for 1000 m*
infrastructure).

A) The warm water consumption: 231.84 (kw)

B) The heat consumption for heating: 117.16 (kw)
Total heating and warm water consumption of
different buildings is shown in Fig.1.

Greanhouse; 250

Fig. 1. Qh; for different consumers, with
infrastructure of 1000m’
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2.2. Technical Evaluation

The distributed generation resources in the
network will change the power flow and losses on
two-level of transmission and distribution
networks. Many tariffs structures at the
distribution level, use the equal share of the losses
cost for consumers, which discourages the
consumers to install DG [22]. For solving this
problem, "Nodal Pricing Method" is utilized. The
price of electricity in the nods indicates the
marginal price of electricity in the network busses
[12], in this paper the characteristics of formulas
are defined as follows:

Marginal loss coefficient (MLC) is the active
power losses network change ( pL) due to changes

in production or consumption of the active power
(P, ), and the reactive power (Q, ) at bus “i”” that

defined as follows:

Pre, = s 3
Pe apei ( )
_ R )
Qg aQei ( )
where:

Pre, - Marginal loss coefficient of active power at

the bus i.
Pqe, - Marginal loss coefficient of reactive power

at the bus .

The medium point between generation and
transmission levels is called "power supply point"
(PSP). If "A" is the price of active power in PSP

in_$

- and if the active and reactive power

consumption at bus | change as P; and Q;
respectively and no congestion exists in the
distribution network, then we can calculate the
nodal pricing for active and reactive power as
follows:

NF =A+2.pp =A(1+pp ) (5)
NI =4.pq, (6)
The price of electrical bill without CHP

installation on the period Atwill be obtained as
follows:

Volume 17, 2018



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS

C:inofDG(Pel aQei ) = (Nia(Pei 9Qe, )X Peu

+ N/ 7
i (Pei ’QeI )XQei )At
and the total of it for each feeder is equal to:
Com® =2 C* " (P, ,Q. )+ (Ax P).At (8)

i=1

DG installation decreases the distribution losses,
and so the nodal pricing will be reduced [25]. The
price of electrical bill with DG installation on the
period At at bus i will be obtained as follows:

C(P,,.Q. )= {(N (P, Q)

X(Pe,_PDGI)+NiI:DG(PeI’Qe,) ©)
x(Qq, =Qps, )} - At +{Cpg) X Pog, } At

and the total of it for each feeder is equal to:
Com = 2 C7 (P, Qe )+ (Ax P )AL (10)

where:
N, : Nodal pricing of active power without DGSs

Nipgs - Nodal pricing of active power with DGs

N': Nodal pricing of reactive power without DGs
|

NS . : Nodal pricing of reactive power with
I, S
DGs

Q, : Reactive power consumption at bus i

P, : Active power supplied by the DGs at bus i
Qo - Reactive power supplied by the DGs at bus
i

Ctnct)_l DGs: Price of electricity supplied by the
ota

network without DGs

CtDtGIS : Price of electricity supplied by the
ota

network with DGs

C : Price of electricity supplied by DGs.
(DGs)

: Active power losses by considerin
PL’ (DGS) p y g

DGs.
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P Active power losses without DGs.

The DGs is intended as a negative load at its bus
and to simplify the calqulpfions assume that Qpasi

and P are zero at all buses except that DG is
installed.

0,i # iy,
QDGsi:{ ?t

. (11)
QDGsi(’l|27 Ibest

[ C no-DGs C DGs »° leads

total total

and The larger difference

to the distribution company profit increases by
DG installation, and its formulation will be as
follows:

DGs (b) DGs (c¢)
total - ( Ctotal + Ctotal )

(12)

Where:
T : Benefits of technical indexes improvement
(for the distribution company)

Ctr;?a] DG(@): Price of electricity supplied by the

network without DGs

Ctggl(b): Price of electricity supplied by the

network with DGs

cPG(©): Price of DGs electricity.
total

Hybrid Renewable Energy Systems (HRES)

Lund [26] in the simulation model, uses an
HRES that includes PV, wind, diesel generator,
micro turbine and storage backup. This model
includes heat production from solar thermal,
industrial CHP, heat pumps, heat storage and
boilers.

The performance of several designs of
hybrid systems
collectors, photovoltaic panels and micro-CHP
systems presented in [27]. Trinkl [28] in a system
dynamic model uses HRES and a micro turbine.
The system modelled a heating system supported

composed of solar thermal

by solar energy along with heat pump.

However, the hybrid renewable energy
system in this article (fig 2) consist of
photovoltaic (4.5 KW), wind turbine (2x10 KW),
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diesel generator units (5200 KW), and 5 battery
storage.

P\.f
Generatar 1
Generic 10kWwW
Primary Load 1
51 Mwhid  [4+—A
Generstor2 | 837 k' peak | Generc 10kw
SECS25P
Generatar 3
SECS25P
Gemerator 4 SECS25P
Canverter
SECS25P
Generatar &
S4KS25P
AL "IN

Fig. 2. DG system consist of photovoltaic (PV),
wind turbine (WT), combined heat and power
(CHP) units, battery storage. (Using HOMMER
Software)

3. Game theory approach

In the game theory, a game is aset of rules
known to all players that will determine any of
their choices and the consequences of every
choice. The normal form of the game represents
the number of players, set strategies, and the
payoff functions of each player. Assuming there

are N players, a set of players is:
N ={1,2,---,n} (13)

The decisions set that player i can get it is
named "strategy space of player iand is shown as
follows:

S :{Sil’sizb'”’sim}

(14)

Since there are n players, the strategies of all
players are:

S ={S,.S,.---.S,} (15)

where:
s,: The j" strategy of player i.
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m : The total number of strategies.
S The j" strategy of player | in the strategy set

S.

On the other hand, payoff function for the player i
shows the outcome or result (including profit,
utility, etc.) that player | will achieve at the end of
the game. This payoff will depend on the chosen
strategies by all players, and is shown as follows:

(16)

O :ui(silasiza"'asnj)

Tha‘[sij €S, shows j™ strategy of player i in the

strategy set (Si). Also the combination of all
players strategy is called a strategy profile, and is
shown as follows:

SJ :(Sljaszjs"'asnj)

(7

Thus the normal form of an n-persons game,
represents the player's strategy space (Si,...,Sn)
and their payoff function (uy,..., Up), is shown as
follows [30] :

G :{S”—,"',S [_Jl’...’Ljn}>

ns (18)
Osborne, M.J. and Rubinstein [24] have shown
that the solution of "Game" is a continuous
selection of equilibrium strategies, the Nash
equilibrium is used usually. In this equilibrium:

Vi,Vs, €S, U(s,s;)=>U,(s,s) (19)

where:
s;: Nash equilibrium strategy of player i
s/ : None- Nash equilibrium strategy of player i

s; : Other players’ strategy at the Nash
equilibrium, That s, e S, is the Nash equilibrium

strategy of player i and s/ €S, is None -Nash
equilibrium strategy of player i.

The Nash equilibrium is a condition achieved
by a set of strategies, and the players' decision to
deviate from such state will reduce the profit.
Search to find the equilibrium point includes the
following steps:

Forming aset of possible strategies, except

dominant strategies, (the Si strategy of player i, so

that fulfills the following condition [23]:
Vs €S, U(s;,s)2U(s],s) (20)

1. Search to find the equilibrium point. The Nash
equilibrium is determined with regard to the 1.
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In terms of theory, there will be many
equilibrium points, which in [23] some
methods are presented for reducing the number
of equilibrium points.

2. Considering of the rationality and the
possibility of organized coalition for players.

3. Chosen methods to organize coalitions and the
distribution of excess profits in the coalition
participants.

If there is a possibility of a coalition among the
players, the possible strategies of coalition may
increase the dimensions of the problem
significantly. Finally, the output of this method is
semi-optimal path for all companies and their
coalitions with regard to competitors’ strategy. In
this paper, in order to allocate and determine the
capacity of DGs "The Static Game with complete
information" is used.

In this method, players are:
- Electric Power Distribution Company State
(player A)
- Investors (player B)

The possible strategies are:

- In DGs, the electrical power converted to
heat ratio of different CHP technologies.

- Choose the capacity of CHPs that has been
considered 0.5 and 1 MW in this paper.

By obtaining the Nash equilibrium point, the
suitable location and capacity of the DGs
generator will be achieved for installing in the bus
network.

4. Case Study

In this part, a sample distribution feeder has
been studied. With regard to the reciprocating
engines CHP type (in DGs), and assuming 75%
efficiency achieved through the placement method
in this paper, the cost of electricity supplied by
DGs is equal to 53 § for a megawatt hour.

According to consumer information, the large
thermal loads of feeder are installed on buses: 1,
5, 16 and 22.
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Fig. 3. The candidate buses for installation of DGs
and Electric Vehicle Charging Stations
Thermal benefit calculation

At this stage we assume that DGs installed
on the all proposed buses (1, 5, 16, 12) have 0.5 &
1 MW capacities and the electrical power to heat
ratios is 0.7 and 1. Then for each case, the heating
cost savings are calculated that is shown in Table
1.

Table. 1. Benefit of the heating consumers in the
different game strategies

Power / Heat Ratio=1

Heat cost saving at each bus

(investor profit)

Electric Supplied Heating

Bus number capacity (MW) (MW) i
year

1 1 0.7 44150

0.5 0.5 31536

1 1 63072

3 0.5 0.5 31536

16 1 0.22 13875

0.5 0.22 13875

1 0.25 15768

22 0.5 0.25 15768

Power / Heat Ratio =0.7

1 0.7 44150

0.5 0.7 44150
s 1 1.4 88300
0.5 0.71 44781
16 1 0.22 13875
0.5 0.22 13875
1 0.25 15768

22
0.5 0.25 15768
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A. Technical indicators benefit calculation

DGs installation will improve the network
technical indicators, and this improvement is
considered as beneficial for the electrical
distribution company. Based on a load flow result
and using the nodal pricing for candidate buses,
the active nodal price of each bus will be reduced
dramatically with the installation of the DGs unit.
The nodal prices for the DGs candidate buses
before and after installation (for 0.5 MW and 1
MW) are presented. It is assumed that DGs works
in unit power factor, that is, it will produce the
(real) active power only.

The DGs installation benefits are obtained from
the equation {a-(b + c)} in the Table 2, that
indicates the benefits of DGs installation which is
desirable for Distribution Company.

Table. 2. Distribution company profit by DGs
installed using the nodal pricing method

Cost of
network Cost of Cost of Distribution
o electricity network DGs company
s without DGs losses | eglectricity | electricity profit
c DGs! capacity MW) (b) (© {a-(b+c)}
2 vwy | C
g @ $ $ $
s year year year
year
1 1 0.189 341640 464280 201480
0.5 0.235 754236 232140 21024
5 1 0.193 516840 464280 26280
0.5 0.248 759930 232140 15330
1007400
16 1 0.198 519030 464280 24090
0.5 0.262 766062 232140 9198
2 1 0.207 522972 464280 20148
0.5 0.281 774384 232140 876

The total losses of the network will be 0.313 MW without DGs installation.

B. Game theory for optimal selection

In the proposed method, the distribution
company and investors are players A and B
respectively, the possible strategies that these two
players can choose, are electrical power to heat
ratio (0.7or 1) and electrical capacity (0.5 MW or
1 MW) of DGs. By installation of specified DGs
at the candidate buses through the above
strategies, the benefit of consumers and
distribution companies (payoff (wining) for each
player) is determined. We can specify the Nash
equilibrium point in a static game with above
complete information. This point chosen indicates
that the benefits of both players are maximum and
every player attempting to change these settings
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will lead to the detriment of other players and the
whole set. It can be seen that the choice of
strategy A; (DGs installed capacity of 1 MW and
power to heat ratio of 0.7) at bus 5, the Nash
equilibrium of this game indicates that at this
point the player A and B are gain respectively
26,280 and 88,300 dollars per year.

5. Conclusion

This paper proposed a three-stage procedure for
optimal DGs and EVs charging station placement
in the distribution system. The procedure at its
first stage, identified candidate busses for DGs
placement. Then, the capability of selling heating
energy is examined. Taking into account this
factor and the electrical power to heat ratio of the
units, an economic analysis is carried out at this
stage to evaluate the financial benefit of the
investors obtained from selling heat energy. Then,
the financial benefit of the distribution company
obtained from loss reduction 1is evaluated,
considering the interaction between EVs and DGs
in the distribution system. Finally, a game theory
approach is applied to find the optimal proposal
for DGs placement. The results achieved from
implementing the approach on as ample
distribution feeder i, showed the applicability of
the proposed method for optimal DGs placement
in the distribution system.

6. Acknowledgment

The authors thanks IAU, Central Tehran Branch
which this research has been done at Intelligent
Power system Research Center with all helps and
supports.

References

[1] M. H. Moradi and M. Abedini, "A
combination of genetic algorithm and particle
swarm optimization for optimal DG location and
sizing in distribution systems," International
Journal of Electrical Power & Energy Systems,
vol. 34, no. 1, pp. 66-74, 2012.

[2] T. Griffin, K. Tomsovic, D. Secrest, and
A. Law, "Placement of dispersed generation
systems for reduced losses," in System Sciences,
2000. Proceedings of the 33rd Annual Hawaii
International Conference on, 2000, p.9 pp.:
IEEE.

[3] M. H. Moradi, M. Abedini, A
Combination of GA and PSO for Optimal DG

Volume 17, 2018



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS

location and Sizing in Distribution Systems with
Fuzzy Optimal Theory, International Journal of
Green Energy, 2011.

[4] K. Nara, Y. Hayashi, K. Ikeda, and T.
Ashizawa, "Application of tabu search to optimal
placement of distributed generators,” in 2001
IEEE Power Engineering Society Winter Meeting.
Conference Proceedings (Cat. No. 01CH37194),
2001, vol. 2, pp. 918-923: IEEE.

[5] G. Bidini, U. Desideri, S. Saetta, and P. P.
Bocchini, "Internal combustion engine combined
heat and power plants: case study of the university
of Perugia power plant,” Applied Thermal
Engineering, vol. 18, no. 6, pp. 401-412, 1998.

[6] A. C. Caputo, M. Palumbo, and F.
Scacchia, "Perspectives of RDF wuse in
decentralized areas: comparing power and co-
generation  solutions,"  Applied  Thermal
Engineering, vol. 24, no. 14-15, pp. 2171 -2187,
2004.

[7] R. K. Singh and S. Goswami, "Optimum
allocation of distributed generations based on
nodal pricing for profit, loss reduction, and
voltage improvement including voltage rise
issue," International Journal of Electrical Power
& Energy Systems, vol. 32, no. 6, pp. 6 37-644,
2010.

[8] F. A. Viawan, A. Sannino, and J. Daalder,
"Voltage control with on-load tap changers in
medium voltage feeders in presence of distributed
generation," Electric power systems research, vol.
77,n0. 10, pp. 1314-1322,2007.

[9] S. Repo, H. Laaksonen, P. Jarventausta,
O. Huhtala, and M. Mickelsson, "A case study of
a voltage rise problem due to a large amount of
distributed generation on a weak distribution
network,"” in  Power Tech  Conference
Proceedings, 2003, p. 6.

[10]  S. Yiqun, H. Zhijian, W. Fushuan, and N.
Yixin, "Wu FF Analysis of market power in
oligopolistic electricity market based on game
theory," power systems and communications
infrastructures for the future, Beijing, 2002.

[11] L. B. Cunningham, R. Baldick, and M. L.
Baughman, "An empirical study of applied game
theory:  Transmission constrained Cournot
behavior," IEEE Transactions on Power Systems,
vol. 17, no. 1, pp. 166-172, 2002.

[12]  F. Samaie and M. H. Moradi, "Combined
Heat and Power (CHP) Allocation and Capacity
Determination According to Fuzzy Bus Thermal
Coefficient and Nodal Pricing Method using

E-ISSN: 2224-266X

194

Shahram Javadi, Farhad Samaie

Cooperative Game Theory," Majlesi Journal of
Electrical Engineering, vol. 7, no. 3, pp. 14-24,
2013.

[13] K. Qian, C. Zhou, M. Allan, and Y. Yuan,
"Modeling of load demand due to EV battery
charging in distribution systems," IEEE
Transactions on Power Systems, vol. 26, no. 2,
pp- 802-810, 2011.

[14] G. Putrus, P. Suwanapingkarl, D.
Johnston, E. Bentley, and M. Narayana, "Impact
of electric vehicles on power distribution
networks," in Vehicle Power and Propulsion
Conference, 2009. VPPC'09. IEEE, 2009, pp .
827-831: IEEE.

[15] G. T. Heydt, "The impact of electric
vehicle deployment on load management
straregies,” |EEE transactions on power

apparatus and systems, no. 5,pp . 1253-1259,
1983.

[16] M. M. Collins and G. H. Mader, "The
timing of EV recharging and its effect on
utilities," IEEE Transactions on Vehicular
Technology, vol. 32, no. 1, pp. 90-97, 1983.

[17] S. Rahman and G. Shrestha, "An
investigation into the impact of electric vehicle
load on the electric utility distribution system,"
IEEE Transactions on Power Delivery, vol. 8, no.
2, pp- 591-597, 1993.

[18] K. J. Dyke, N. Schofield, and M. Barnes,
"The impact of transport -electrification on
electrical networks," |EEE Transactions on
Industrial Electronics, vol. 57, no. 12, pp.3917-
3926, 2010.

[19] J. Taylor, A. Maitra, M. Alexander, D.
Brooks, and M. Duvall, “Evaluation of the impact
of plug-in electric vehicle loading on distribution
system operations,” in Proc. IEEE Power and
Energy Society General Meeting 2009, Calgary,
Canada, July 2009.

[20] K. Schneider, C. Gerkensmeyer, M.
Kintner-Meyer, and R. Fletcher, "Impact
assessment of plug-in hybrid vehicles on pa cific
northwest distribution systems," in Power and
Energy Society General Meeting-Conversion and
Delivery of Electrical Energy in the 21st Century,
2008 IEEE, 2008, pp. 1-6: IEEE.

[21] ASHREA handbook of fundamental.
(2005). t he American society of heating,
refrigerating and air—conditioning engineers, inc.
[22] F. A. Viawan, A. Sannino, and J. Daalder,
"Voltage control with on-load tap changers in
medium voltage feeders in presence of distributed

Volume 17, 2018



WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS

generation," Electric power systems research, vol.
77,no0. 10, pp. 1314-1322, 2007.

[23] A.Souri. (2008). Game Theory and
Economic  Applications “, Department of
Economic Sience, Tehran, Iran, Nore Elm
Entesharat .

[24] M. J. Osborne and A. Rubinstein, A
course in game theory. MIT press, 1994.

[25]  Sotkiewicz Paul M, Mario Vignolo J.
Nodal pricing for distribution networks: efficient
pricing for efficiency enhancing DG. 2006; IEEE
Trans power Syst ;21:1013-4.

[26] Lund, H., Duic, N., Krajac'ic, G., and
Carvalho, M., 2007b. Two energy system analysis
models: a comparison of methodologies and
results. Energy, 32 (6), 948-954.

[27] Laura Romero Rodriguez, José Manuel
Salmerdn Lissén, José Sanchez Ramos, Enrique
Angel Rodriguez Jara, Servando Alvarez
Dominguez, “Analysis of the economic feasibility
and reduction of a building’s energy consumption
and emissions when integrating hybrid solar
thermal/PV/  micro-CHP systems”, Applied
Energy 165 (2016) 828-838.

[28]  Trinkl, C., Zorner, W., and Hanby, V.,
2009. Simulation study on a domestic solar/heat
pump heating system incorporating latent and
stratified thermal storage. Journal of Solar Energy
Engineering, 131 (4), 1-8.

E-ISSN: 2224-266X

195

Shahram Javadi, Farhad Samaie

Volume 17, 2018



	1. Introduction
	2. Techno-Economic Evaluation
	2.1. Economic Evaluation
	2.2. Technical Evaluation

	3. Game theory approach
	4. Case Study
	5. Conclusion
	6. Acknowledgment
	References



