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Abstract 
 
Smart grid enables Distributed Energy Resources (DERs); 
wind, energy storage and demand response through 
advanced technologies. Combined Heat and Power (CHP) is 
great example of the technologies which allows coupling of 
independent energy networks together. Energy Hub (EH) 
has been originated as a new approach to optimal planning 
and operation of combined networks in recent years. Wind 
turbine as an important of distributed generation in the 
world as beenh integrated to electricity network over two 
past decades. Optimal placement of wind turbine in multi 
carrier energy network in presence of CHP as another 
distributed produce source originates novel challenge which 
is considered in this paper. A multi objective function is 
formulated to solve the optimization problem with 
considering multi carrier energy network operation costs, 
loss and voltage profile. Simulation carries out a 33 bus 
radial distribution network which is supplied with CHP in 
some buses. CPLEX solver of GAMS and Genetic Algorithm 
of MATLAB is employed to solve the problem. Simulation 
results reveal optimal allocation of wind turbine in multi 
carrier energy networks in presence of CHP. Results 
demonstrate that optimal placement of wind turbine in the 
systems improves operation costs till 8% and loss power till 
5%. It also enhances voltage profile till 0.5%. 

 
1. Introduction 

 
Smart grid enables DERs with advanced technologies in 
distribution network levels. Integration of the resources to the 
network can prevent huge investment costs of transmission line 
expansion and electrical power plants establishment. Customer 
operation costs could be also improved by installation of the 
technologies. In addition, loss reduction and voltage profile 
improvement would be results of DERs installation which could 
be beneficial for distribution network companies. CHP is a great 
example of the technologies which has potential to convert one 
energy carrier such as gas to different energy carriers such as 
electricity, heat and cooling. CHP allows integration of 
independent energy networks such as electricity, gas, district 
heat and etc with its significant benefits on economic, efficiency 
and reliability improvement.  
Integrated energy systems have been considered recently as 
“Micro Grid” [1], “Hybrid Energy Hub” [2], the latestapproach 
originates in VOFEN (Vision of Future Energy Network) 
project [3] which defines “Energy Hub” as a super node in 

electrical power system to receives varying energy carriers such 
as gas and electricity in its input, then strongly schedules when 
and how much of which carrier should be purchased and stored 
to provide hub required demands. EH facilities optimal planning 
and operation of multi carrier energy networks (See [4], [5] for 
hub and interconnected hub optimization both in operation and 
planning).The approach could be flexibility extended by DERs 
[6] in big buildings, industrial plants, bounded geographic areas 
and island systems. Optimal power flow of multi carrier energy 
networks in hub and interconnected hubs is examined in [4], [7-
8] which optimization planning isn’t studied in the papers. Multi 
carrier energy networks is optimally operated in an EH with 
DERs integration in [9-10] which planning problem isn’t 
considered in the paper. An optimal power flow problem 
between interconnected EHs with distributed energy resources 
integration is solved in [11] which optimal planning isn’t 
researched in the paper. Multi carrier energy networks are 
optimally operated in an EH in [5], [12-14] which optimal size 
of EH technologies is recognized in the papers. An EH with 
potential of voltage management is optimally operates in [15] 
which optimization planning isn’t researched in the paper.  
As a result, optimal operation problem of multi carrier energy 
networks through one hub or between in EHs is seen in the 
papers. Optimization planning of EH elements has been also 
researched in the papers. Optimal operation problem of 
integrated DERs to multi carrier energy networks in one EH or 
between intercommoned EHs is also solved in above papers. But 
optimal placement of DERs in multi carrier energy networks 
based on EH approach isn’t seen in the papers and it is an open 
problem in interconnected EHs. This paper is organized to solve 
optimization placement of wind turbine in interconnected multi 
carrier energy networks based on EH approach as follow: 
Problem is formulated in one objective function considering 
loss, voltage and operation costs in section 2. Section 3 states 
methodology of problem. Simulation results are discussed in 
section 4. Finally, conclusion is debated in section 5. 
 

2. Problem Formulation 
 
In this section, optimal placement of wind turbine is 
mathematically formulated in objective function with its 
constraints as follow: 
 
2.1 Objective Function 

Installation �����  and maintenance ���  costs of wind turbine 
together with operation costs ���	  of multi carrier energy 
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networks are applied in the function. Loss cost ��
���  and 
voltage penalty ��� are also considered in the function.  
Multi carrier operation costs and Energy Not Supplied (ENS) 
costs due to DR implementation are formulated in objective 
function (1). Cost Present Value Factor (CPVF) is applied on 
operation, loss and voltage costs for conversion of project future 
costs to present time value in (2). PVF states Present Value 
Factor (3), EL expresses Economic Life of Project, if and ir 
introduce inflation rate and interest rate [16]. 
 
� � ����� � ��� � ���	 � ��
��� � ������ 
 

���� � ������� � ���� � � ��� 
 

��� � � � ��� � �� �������������������������������������������������������������������������������������� 
 
2.2 Wind 

      Wind power (�� ) is produced by wind turbine which stars 
to produce power in minimum wind speed (!"# ). Turbine 
produces power till rated wind for turbine (!$). If wind speed 
increases, wind turbine will produce power in its rated power 
(�$ ) till handling maximum wind speed (!"�). It would be off 
for more wind speed. Z, y, x are related to wind turbine 
characteristic in [9], [17]: 
 �� �%& '& (�
�
)*
+ ,&�����������������������������������������������������������������������������- . !"#�$ /0 � 1 2 -�%& '& (� � 3 2 -4�%& '& (�5&����!"# 6 - 6 !$�$ !$ 6 - 6 !"�,&������������������������������������������������������������������������������- 7 !"�

�8� 
 
2.3 Operation Costs in Multi Carrier Energy 

Networks under EH approach 

Hub decides to when and how much of which energy carrier 
should be purchased in required times to satisfy its required 
demands in response to minimization of operation costs. 
Electricity power ��9�: , gas powers for CHP �;9�:<=> and for 
boiler �;9�:?  are purchased according to electricity @�9�: and @;9�: gas prices. Additional produced electricity and heat �A9�:��
Bwith electricity and @A9�:heat prices are also sold to grid 
to achieve revenue in order to reduce operation costs (5). h 
shows hours indices for one year and b introduces bus numbers 
in the function. 
 


� � C CD@�9�:�%�
EFGH

AIJ
��9�:�%�K

?

LIJ
� 

M@;9�:��;9�:<=>�%� � �;9�:?�%��N � M@A9�:�A9�:��
B�%�N�����������O� 
 
Hub required electricity demands ��  could be supplied by 
network electricity power in required times. CHP can also 
produce electricity power from converting imported gas power 
to electricity through its gas to electricity efficiency P;�<=>. Wind 
power  ��Qcould be able to produce free and clean electricity 
power through its efficiency P��<��  in (6).  
Hub required heat demands�Acould be supplied by produced 
heat by CHP through its gas to heat efficiency P;A<=> or boiler 
through its gas to heat efficiency P;A?  in (7).  

Sum of imported gas power for CHP and boiler should be 
restricted by gas network constraint �;9�:  in (8). Imported gas 
power for CHP and for boiler could be respectively limited by 
CHP �<=> and boiler �? capacities in (9) and (10). 
 ���%& R�=D��9�:�%& R�K+MP;�<=>�;9�:<=>�%& R�N 
+ [P��<����Q�%& R�K (6) 
 �A�%& R�=DP;A<=>�;9�:<=>�%& R�K+MP;A? �;9�:?�%& R�N���������������������S� 
 �;9�:�%& R� � �;9�:<=>�%& R�+�;9�:?�%& R� (8) 
 P;�<=>�;9�:<=>�%& R� 6 �<=>�������������������������������������������������������������T� 
 P;�? �;9�:?�%& R� 6 �?�����������������������������������������������������������������������,� 
 
2.4 Loss 

Loss power of electricity network could be evaluated by several 
methods. Due to high ratio of UL$ (resistance of each branch) to VL$  (reactance of each branch), Backward/Forward sweep 
method is used to calculate current of each branch UL$ which is 
wholly formulated in [18]. Calculation of loss power cost is 
stated as follow: 
 

��
��� � C C @�9�:�%�UL$�L$4 �%& R����������������������������������������
EFGH

AIJ

?$

L$IJ
 

 
2.5 Voltage Penalty 

Optimal place of distributed generation is main solution for 
voltage profile improvement in distribution network. Due to 
variable consumption of customers, feeder’s voltage in every 
bus �Lwill change in a specific range�$which is standard voltage 
and �W is voltage limit which are too high or low. c shows an 
exponent for function slope. Here, due to deviation from rated 
voltage (1 p.u), utilities are obliged to pay penalty to customers 
based on Voltage Penalty Function VPF [19]. 
 

��� � C��$ � ��R��$ � �W �<
?

LIJ
�������������������������������������������������������������������� 

 
2.6 Network Constraints 

Electrical grid ��9�:WXY&  gas network �;9�:WXY , thermal limits 
of each branch ZL$WXY  and voltage of each bus �LW#�& �LWXY constraints should be applied in the problem in 
equations (13), (14), (15) and (16) in sequence.  
 

C ��9�:�%& R�
EFGH

AIJ
6 ��9�:WXY�������������������������������������������������������������� 

 

C �;9�:�%& R�
EFGH

AIJ
6 �;9�:WXY�������������������������������������������������������������8� 

 ZL$ 6 ZL$WXY�����������������������������������������������������������������������������������������O� 
 �LW#� 6 ��%& R� 6 �LWXY�����������������������������������������������������������������[� 
 

3. Methodology 
 
      The main goal of proposed modeling is to determine proper 
locations of Wind turbines by minimizing objective function.  
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Table 1. Information of radial dist

 
Bus No. 2 3 4 5 
Load(kW) 36 185.3 42.8 21.
Bus No. 10 11 12 13 
Load(kW) 21.4 16 354 21 
Bus No. 18 19 20 21 
Load(kW) 32.1 32.1 32.1 32.
Bus No. 26 27 28 29 
Load(kW) 21.4 21.4 21.4 43.
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Table 2.Parameters 
 �<=>,b12 0.4MW Pr 0.2MW ��<=>,b25 0.6MW P��<�� 0.9 �P;�<=> 0.4 -"# 4 @P;�<=> 0.35 -$ 10 @�? 1.5MW -"� 22 �P;A?  0.9 3 0.07 ������ 1500($/kW) 1 0.01 c��� 0.01($/kW) 0 0.03 i
 

Table 3. Simulation Resu
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than operation and loss costs. Generally speaking, wind turbine 
is optimally allocated in multi carrier energy networks in 
presence of CHP with improving operation costs, loss and 
voltage profile. 
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