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Abstract

:

The problem of distribution network operation optimization is diversified and uncertain. In order to solve this problem, this paper proposes a method of distribution network operation optimization considering wind-solar clustering, which includes source load and storage. Taking the total operating cost as the objective function, it includes network loss cost, unit operating cost, and considers a variety of constraints such as energy storage device constraints and demand response constraints. This paper aims to optimize the operation according to different wind-solar clustering scenes to improve the economy of distribution network. Taking the 365-day wind-solar output curves as the research object, K-means clustering is carried out, and the best k value is obtained by elbow rule. The second-order cone programming method and solver are used to solve the optimization model of each typical scenario, and the operation optimization analysis of each typical scenario obtained by clustering is carried out. Taking IEEE33 system and local 365-day wind-solar units output scenes as examples, the period is 24 h, which verifies the effectiveness of the proposed method. The proposed method has guiding significance for the operation optimization of distribution network.
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1. Introduction


The distribution network operation optimization (DNOO) problem is essentially a multivariate and uncertain problem [1]. With the construction of new energy power system, the transformation of energy is unstoppable, and the status of new energy power generation (especially photovoltaic and wind power) in the power system is gradually rising [2,3,4,5], which increases the difficulty of distribution network operation optimization [6,7]. Because large-scale wind and solar time series data will bring high time complexity to the optimization program, it is necessary to determine the typical scene of wind and scenery. However, the annual wind-solar power output curves are repetitive to some extent, so it is not necessary to study the wind-solar power output data of 365 days in the whole year. Therefore, cluster analysis is carried out on them first [8], and then the operation optimization analysis is carried out for the wind-solar output of each typical day after clustering.



Scholars within China and abroad have made some achievements in DNOO research. Reference [9] simulated wind power output, clustered typical discrete scenes, and put forward a distributed optimization model of AC/DC hybrid distribution network considering the uncertainty of wind power. Reference [10] established the optimal operation model of distribution network with high permeability distributed generation based on SOP and switchable capacitors, and solved it by the multi-objective optimization algorithm of non-dominated sorting method. Reference [11] put forward a three-level robust planning-operation joint optimization model of distribution network considering high photovoltaic permeability, which was solved by three-level decomposition algorithm. Reference [12] had established an integrated distribution system operation optimization model, which took the minimum operation cost as the objective function and used the mixed integer second-order cone programming method to solve it. Reference [13] put forward a partial optimization model of double-layer random operation of distribution network-natural gas combined system considering scenario clustering, which improved the adaptability of operation scheme to wind power fluctuation from multiple time scales, but did not consider the fluctuation of photovoltaic. At present, there is no research literature on distribution network operation optimization considering wind power and photovoltaic clustering, so further research is still needed.



Aiming at the DNOO problem with multiple uncertainties, this paper determines the k value according to the elbow method, clusters the annual wind and solar data into k typical scenes, and obtains the power of each typical solar and wind turbine. Then, the optimization model of distribution network operation with source, load and storage is established, and the models in various typical scenes are solved by the second-order cone method and cplex solver. The main contributions of this work are outlined as follows:




	(1)

	
Based on K-means clustering method, the annual wind-solar output curves of a certain area are divided, and typical scenes are determined for subsequent optimization;




	(2)

	
A model solving method based on the second-order cone programming method has been proposed to obtain the optimal solution in a short time;




	(3)

	
Based on the proposed distribution network operation optimization method considering wind-solar clustering, the IEEE33 system in a certain area is optimized and analyzed, which reduces the total operation cost and voltage deviation to the greatest extent;










2. Determination of Typical Scenes Based on K-Means Clustering


Scene Analysis (SA) is an effective way to analyze the uncertainty of power system by constructing typical scenes [14,15]. It can solve the problem of power system operation optimization with renewable energy.



2.1. Scene Cluster Analysis


Based on K-means clustering algorithm, k sampling points are randomly selected from the sampling set of wind and solar power data as wind and solar cluster centers, and the distances between all sampling points and these k cluster centers are calculated. For each sample, it is divided into the same class as the nearest cluster center, and a new cluster center is calculated.



The steps of landscape cluster analysis can be roughly divided into the following steps:



Step (1) Selection of k value



The choice of k can be determined by observation or according to the elbow rule. Because the naked eye observation varies from person to person, the elbow method is relatively more suitable for high-dimensional sample data.



Step (2) Distance measurement



Divide the sampling points into the class closest to the cluster center. This process requires the nearest neighbor measurement strategy, which usually adopts the Euclidean distance, and its calculation formula is as follows:


  d ( x , y ) =     (  x 1  −  y 1  )  2  + ⋯ +   (  x n  −  y n  )  2    =     ∑  i = 1  n     (  x i  −  y i  )  2       



(1)







Step (3) Calculation of new centroid



For the k classes generated after classification, the point with the smallest mean distance to other points in the class is calculated as the centroid.



Step (4) Whether or not stop K-means



Repeat step (2) and (3) until the center of mass does not change or the maximum number of iterations of a given cycle is reached, and then the clustering process will stop.



Step (5) Determine k typical scenarios.




2.2. Elbow Rule Determines k Value


The key index of elbow method is Sum of squares for error (SSE):


  S S E =     ∑  i = 1  k     ∑  p ∈  C i       p −  m i         2   



(2)







Using SSE to calculate the sum of squares of errors, each k value corresponds to the sum of squares of distance errors from the point to the center point in the cluster. Theoretically, the smaller the SSE value, the better the clustering effect. When the number of clusters does not reach the optimal number k, SSE decreases rapidly with the increase of the number of clusters. After reaching the optimal number, SSE decreases slowly.



Select the sample data of wind power and photovoltaic output in a certain place in the whole year, and determine its SSE curve. The best k value can be found by elbow rule, and then these data can be divided into k categories, so as to determine k typical scenes.





3. Distribution Network Operation Optimization Model Considering Demand Response


3.1. Establishment of Objective Function


The optimization strategy is at the user side without affecting the normal production activities of users, and the total consumption of wind and solar, to optimize the energy storage output and transferable load output, so as to realize the economy of distribution network operation, which is essentially a multi-objective optimization problem [16]. In this paper, the goal is to minimize the total operating cost F of the distribution system [17,18]:


  F =  C m  +  C  D R   +  C  E S S . l o s s   +  C  E P   +  C  p l    



(3)




where Cm is the operating cost of each unit, calculated according to Equation (4), yuan; CDR is the demand response cost, calculated according to Equation (5), yuan;    C  E S S . l o s s     is the loss cost of the energy storage battery, calculated according to Equation (6), yuan;    C  E P     and, Cpl are respectively the cost of purchasing electricity from the superior power grid and the network loss cost [19,20], which are calculated according to Equations (7) and (8) respectively, yuan.


   C m  =   ∑  t = 1  T     ∑  i = 1  I    c  m , l o s s    P i  ( t )      



(4)




where Cm,loss is the unit cost coefficient of unit operation, yuan/MW; Pi is the generating power of the ith unit, MW; T represents the number of time periods; I represents the number of units.


   C  DR   =   ∑  t = 1  T     ∑  i = 1    N  T L       C 1  ( t )  P  TL . i   ( t )      



(5)




where C1 is the user’s unsatisfied cost caused by transferable load under unit power, yuan/MW;    P  TL . i   ( t )   is the power of the ith transferable load at time t, MW; NTL indicates the number of transferable load.


   C  E S S . l o s s   =   ∑  t = 1  T     ∑ i   N  ESS       C 2  ( t )  P  ESS . i   ( t )      



(6)




where C2 is the loss cost per unit power of the energy storage battery, yuan/MW;    P  E S S . i   ( t )   is the charging and discharging power of the ith energy storage battery at time t, MW;    N  ESS     indicates the number of energy storage.


   C  EP   =   10   - 3   ⋅   ∑  t = 1  T   p ( t )  P  P L   ( t )    



(7)




where p(t) is the electricity price at time t, yuan/kW·h; PPL(t) is the net load power at time t, MW.


   C  p l   ( t ) =   10   - 3   ⋅  c  l o s s    I k    ( t )  2   r k   



(8)




where Closs is the unit cost coefficient of network loss, yuan/kV; Ik is the current flowing in kth branch (the first node is i and the last node is j), kA; rk is the resistance value in kth branch, Ω.




3.2. Constraints


The optimization strategy needs to satisfy equality constraint [21] and inequality constraint.



3.2.1. Equality Constraints




          P k  ( t ) =   ∑   k j      P  j k   ( t )   +  r k   I k 2  ( t ) +  P j  ( t )        Q k  ( t ) =   ∑   k j      Q  j k   ( t )   +  x k   I k 2  ( t ) +  Q j  ( t )        I k 2  ( t ) =    P k 2  ( t ) +  Q k 2  ( t )    V i 2  ( t )          V j 2  ( t ) =  V i 2  ( t ) − 2 (  r k   P k  ( t ) +  x k   Q k  ( t ) ) + (  r k 2  +  x k 2  )  I k 2  ( t )          P  in   ( t ) =  P g  ( t ) +  P  W T   ( t ) +  P  P V   ( t ) +  P  E S S   d c h   ( t ) −  P  E S S   c h   ( t ) +  P  I L   ( t ) +  G p  ( t ) −  P  T L   ( t ) −  P  L o a d   ( t )          Q  in   ( t ) =  Q g  ( t ) +  G q  ( t ) −  Q  L o a d   ( t )         



(9)




where    P k    and    Q k   ,    Q k   .    P k   ,    Q k    is the active power (MW) and reactive power (Mvar) of kth branch respectively;    r k   ,    x k    is the resistance and reactance of kth branch respectively, Ω; kj represents the end node set with j as the head node;    P j   ,    Q j    inject active power (MW) and reactive power (Mvar) into node j respectively;    V i   ,    V j    is the voltage of nodes i and j respectively, in kV;    P  in    ,    Q  in     is the active power (MW) and reactive power (Mvar) transmitted by the superior power grid to the distribution network respectively;    P g   ,    Q g    is the active power (MW) and reactive power (Mvar) purchased for the power grid respectively;    G p   ,    G g    is the active power (MW) and reactive power (Mvar) of the generator respectively;    P  E S S   d c h     and    P  E S S   c h     respectively the discharge and charging power of the energy storage device, MW;    P  I L     is interruptible load power, MW;    P  T L     is transferable load power, MW.




3.2.2. Inequality Constraints


(a) Bus voltage constraint


   U  i . min   ≤  U i  ≤  U  i . max    



(10)




where    U  i . max     and    U  i . min     are the maximum value and minimum value of the voltage amplitude of ith node respectively, kV.



(b) Unit output constraint


         P  i . min   ≤  P i  ≤  P  i . max          Q  i . min   ≤  Q i  ≤  Q  i . max          



(11)




where    P  i . min     and    P  i . max     are the maximum and minimum value of the active output of ith unit respectively, MW;    Q  i . min     and    Q  i . max     are the maximum and minimum reactive power output of ith unit respectively, MW.



(c) Energy storage charging and discharging operation constraints



Energy storage capacity constraints:


   S  E S S   min   ≤  S  E S S   ( t ) ≤  S  E S S   max    



(12)




where    S  E S S   ( t )  ,    S  E S S   min     and (t),    S  E S S   min    ,    S  E S S   max     are the capacity, maximum capacity, minimum capacity of energy storage device at time t respectively, MVA.



At any moment, the charging and discharging process of the energy storage device can’t happen at the same time, and there is an upper limit of the charging and discharging power, with the following constraints [22]:


         u  d c h   +  u  c h   ≤ 1       0 ≤  P  E S S   c h   ≤  u  c h    P  E S S   c h , max         0 ≤  P  E S S   d c h   ≤  u  d c h    P  E S S   d c h , max          



(13)




where    u  c h     and    u  d c h     indicates the charging and discharging state of the energy storage device respectively, which is a variable of 0–1;    P  E S S   c h , max     and    P  E S S   d c h , max     indicates the maximum charging and discharging power of the energy storage device respectively, MW.



(d) Upper limit constraint of branch current


     I k  ( t )   ≤  I  k , max    



(14)




where    I  k , max     indicates the allowable maximum value of kth branch current, kA.






4. Solution Method of Model


In DNOO model, the equality constraint, namely the power flow constraint, is nonlinear and non-convex [23], so it is very difficult to solve it, so it is necessary to deal with the objective function and constraint.



The solution method adopted in this paper is second-order cone programming [24,25] (SOCP), and its standard form can be written as:


    min    x i         c T  x   A x = b ,  x i  ∈ K , i = 1 , 2 , ⋯ N    



(15)




where x is a variable, satisfying   x ∈  R N   ; b, c are coefficient constants, satisfying b   ∈  R M   , c   ∈  R N    and AM×N  ∈  R    M×N; K represents a second-order cone or a rotating second-order cone, which are shown in Equations (16) and (17) respectively.SOCP is essentially a convex programming, its solution is optimal, and the calculation is very efficient. Better results can be obtained by using the cplex solver [26] provided by Matlab R2016a software.


  K =      x i  ∈  R N     y 2  ≥   ∑  i = 1  N    x i 2  , y ≥ 0      



(16)






  K =      x i  ∈  R N    y z ≥   ∑  i = 1  N    x i 2  , y ≥ 0 , z ≥ 0      



(17)







In Section 2.1, the network loss cost Cpl in the total operating cost F of the system is a quadratic function, which needs to be linearized. Defined as follows:


          I ^  k  ( t ) =  I k 2  ( t )         V ^  i  =  V i 2         



(18)







The Equation (8) is converted into:


   C  p l   ( t ) =  c  l o s s     I ^  k  ( t )  r k   



(19)







Then the original power flow constraint is subjected to the following SOCP convex relaxation treatment [27,28]:


   I k 2  ≥    P k 2  ( t ) +  Q k 2  ( t )    V i 2  ( t )    



(20)







Therefore, Equation (9) is transformed into the following linear equations:


         P k  ( t ) =   ∑   k j      P  j k   ( t )   +  r k    I ^  k  ( t ) +  P j  ( t )        Q k  ( t ) =   ∑   k j      Q  j k   ( t )   +  x k    I ^  k  ( t ) +  Q j  ( t )         I ^  k  ( t ) ≥    P k 2  ( t ) +  Q k 2  ( t )     V ^  i  ( t )           V ^  j  ( t ) =   V ^  i  ( t ) − 2 (  r k   P k  ( t ) +  x k   Q k  ( t ) ) + (  r k 2  +  x k 2  )   I ^  k  ( t )         P  in   ( t ) =  P g  ( t ) +  P  W T   ( t ) +  P  P V   ( t ) +  P  E S S   d c h   ( t ) −  P  E S S   c h   ( t ) +  P  I L   ( t ) +  G p  ( t ) −  P  T L   ( t ) −  P  L o a d   ( t )         Q  in   ( t ) =  Q g  ( t ) +  G q  ( t ) −  Q  L o a d   ( t )        



(21)







After the above linearization, the operation optimization model of the load storage and distribution network with source network established in this paper can be regarded as a second-order cone programming problem. The real-number decision variables are created by using sdpvar functions, then various constraints are added, and then the parameters are configured to set the solver. Finally, the model is solved. This method can obtain the optimal solution in a short time.




5. Analysis of Example


5.1. Basic Data


The IEEE33 radiation system shown in Figure 1 is used to verify the model established in this paper, including voltage reference value UB = 12.66 kV and power reference value SB = 100 MVA. The network parameters of the system are detailed in reference [16]. The distribution network includes one wind turbine (WT), one photovoltaic unit (PV), five transferable loads (TL), three interruptible loads (IL) and two energy storage systems (ESS). The specified voltage (nominal value) cannot be lower than 0.95 or higher than 1.05; The upper limit of branch current is 20 kA; The maximum active power and reactive power of purchasing power from the superior power grid cannot be higher than 5 MW. The maximum reactive power cannot be higher than 3 Mvar or lower than −1 Mvar. Output power of generator on node 2 cannot be higher than 1 MW; The upper limit of the capacity of the first ESS is set to 3 MVA, the lower limit is set to 0.18 MVA, and the charging and discharging power cannot be higher than 0.4 MW; The upper limit of the capacity of the second ESS is set to 3 MVA, the lower limit is set to 0.1 MVA, and the charging and discharging power cannot be higher than 0.3 MW; The charging efficiency of ESS is set to 0.9, and the discharging efficiency is set to 1. The total number of running periods T is set to 24. The parameter setting of objective function F in Section 2.1 of this paper is shown in Table 1. Through SOCP and the cplex solver in Matlab, the operation optimization of this example is solved directly.



Select the daily time series data of WT and PV output every 15 min for 365 days a year in a certain area (see Figure 2) and the total load curve (see Figure 3). The electricity price data of each moment is shown in Figure 4. WT is connected to 17 nodes, PV is connected to 32 nodes, generator is connected to 2 nodes, ESS access nodes are set to 15 and 23, TL access nodes are set to 5, 7, 13, 14 and 20, and IL access nodes are set to 7, 13 and 19.



It can be found from Figure 2a that the wind turbine has the following output characteristics:




	(1)

	
The output changed significantly throughout the year. The smaller the wind speed in summer and autumn, the smaller the output of the fan. When the wind speed is high in spring and winter, the output of the fan is also high;




	(2)

	
The output varies irregularly in a single day, with randomness and volatility.









It can be found from Figure 2b that photovoltaic units have the following output characteristics:




	(1)

	
Photovoltaic output has obvious periodicity, showing a trend of first increasing and then decreasing;




	(2)

	
Randomness, PV volatility is obvious, and the maximum value is uncertain.










5.2. Identify Typical Scenes


Determine the typical scenes according to the method in Section 1, and cluster the randomly selected time scenes into k scenes. SSE curve obtained by elbow rule is shown in the following figure (Figure 5):



It can be found that SSE decreases rapidly within k = 2 to 5, and then becomes stable after k = 5. k = 5 is an inflection point, and this point is the best k. Therefore, the 365 sample curves in this example are divided into the following five scenes, which is shown in the following figure (Figure 6) (the red curve represents the cluster center of each scene):



The average evaluation of every four moments in the graph can get 24-h clustering results. Analyze these five scenarios separately:



Scenario 1: PV output is up to 76 MW, and WT output is small and stable, indicating that this typical day is sunny and windless;



Scenario 2: PV output is very low, the highest is only 20 MW, WT output is higher and the fluctuation range is not big, indicating that this typical day is cloudy and windy;



Scenario 3: PV output is up to 78 MW, and WT output is very high and unstable at noon, indicating that this typical day is sunny and windy;



Scenario 4: PV and WT output are very low, indicating that this typical day is cloudy and windy;



Scenario 5: PV output is high, and WT output is stable around 15 MW, indicating that this typical day belongs to mild and windy weather.




5.3. DNOO Results in Various Clustering Scenes


The optimization results include ESS output, TL output, WT output, PV output, generator output and voltage devision results.



5.3.1. ESS Output Results


The ESS output after operation optimization in five scenes is shown in the following figure (Figure 7):




5.3.2. TL Output Results


The TL output after operation optimization in five scenes is shown in the following figure (Figure 8):




5.3.3. WT, PV and Generator Output Results


The WT, PV, generator output after operation optimization in five scenes is shown in the following figure (Figure 9):




5.3.4. Voltage Deviation (VD) Results


The VD results after operation optimization in five scenes are shown in the following figure (Figure 10):



Analyze with reference to Figure 7, Figure 8, Figure 9 and Figure 10 and Table 2:



Scene 1: The two ESS are in a charging state most of the time; The output of TL connected to node 7 varies greatly from 12 00 to 15:00; The output of the generator reaches the upper limit at 3:00~23:00; The total operating cost is reduced by 6.67% compared with that before optimization, and the total voltage deviation at 24 h is reduced by 13.13% during optimization;



Scene 2: The ESS connected to the 3-node reaches the upper limit of charging power at 8:00~11:00 and 19:00~21:00; TL output is stable from 8:00 to 21:00; The output of the generator reaches the upper limit from 3: 00 to 23: 00; The total operating cost is reduced by 6.30% compared with that before optimization, and the total voltage deviation at 24 h is reduced by 11.98% during optimization;



Scene 3: During the periods of 1:00~7:00 and 12:00~17:00, the discharge of ESS connected to the 23-node is more than that of ESS connected to the 15-node, and the output reaches the upper limit of charging power at 8:00~11:00 and 19:00~21:00. Except the TL connected to nodes 13 and 14, the output of other TL is stable from 8: 00 to 21:00; The output of the generator reaches the upper limit from 5:00 to 22:00; The total operating cost is reduced by 7.21% compared with that before optimization, and the total voltage deviation at 24 h is reduced by 15.03% during optimization;



Scene 4: From 1:00 to 18:00, the output of ESS connected with 23 nodes is more than that connected with 15 nodes, whether charging or discharging; Only the output of TL connected to node 20 is stable from 8:00 to 21:00; The output of the generator reaches the upper limit from 3:00 to 23:00; The total operating cost is reduced by 7.74% compared with that before optimization, and the total voltage deviation at 24 h is reduced by 12.6% during optimization;



Scene 5: From 14:00 to 18:00, the ESS connected to node 15 discharged more; Only the TL output of node 20 is stable from 8: 00 to 21: 00; The output of the generator reaches the upper limit from 3:00 to 22:00; The total operating cost is reduced by 7.94% compared with that before optimization, and the total voltage deviation at 24 h is reduced by 13.68% during optimization.






6. Conclusions


Research on the operation optimization method of distribution network with wind and solar power units plays a vital role in the management and operation of the whole power system, and can improve the security and stability of the system. In this paper, the DNOO model is established, and the second-order cone method is used to solve the model. The effectiveness of this method is verified based on IEEE33-bus system. The conclusions are as follows:




	(1)

	
Cluster and divide the WT and PV output of 365 days a year, and cluster them into typical scenes, so as to obtain the scenery cluster center of each scene, which can basically cover the annual operation characteristics of the distribution system during the subsequent optimization;




	(2)

	
When the DNOO model is established, the load storage of the source network is considered comprehensively, the lowest total operating cost including unit operating cost, demand response cost and network loss cost is taken as the objective function, and the conditions such as power flow constraint, demand response constraint and energy storage device constraint are considered comprehensively. It is more in line with the actual distribution network operation, and the index improvement degree is obvious;




	(3)

	
The results obtained by the second-order cone method and the Cplex solver show that the calculation results of this method can obtain the lowest total operating cost of each typical scenario on the basis of the total absorption of wind and light, thus ensuring the efficient operation of the power grid system.
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Figure 1. IEEE33-node radial distribution network. 






Figure 1. IEEE33-node radial distribution network.



[image: Sustainability 15 02184 g001]







[image: Sustainability 15 02184 g002a 550][image: Sustainability 15 02184 g002b 550] 





Figure 2. Timing diagram of wind and solar power generation day: (a) WT; (b) PV. 
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Figure 3. Total load curve. 
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Figure 4. Electricity purchase price. 
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Figure 5. Intra-cluster error variance curve. 
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Figure 6. Photovoltaic and wind power curves in typical scenes: (a) Scene 1; (b) Scene 2; (c) Scene 3; (d) Scene 4; € Scene 5. 
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Figure 7. ESS: (a) Scene 1; (b) Scene 2; (c) Scene 3; (d) Scene 4; (e) Scene 5. 
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Figure 8. TL: (a) Scene 1; (b) Scene 2; (c) Scene 3; (d) Scene 4; (e) Scene 5. 
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Figure 9. WT, PV, generator: (a) Scene 1; (b) Scene 2; (c) Scene 3; (d) Scene 4; (e) Scene 5. 
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Figure 10. Voltage deviation: (a) Scene 1; (b) Scene 2; (c) Scene 3; (d) Scene 4; (e) Scene 5. 
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Table 1. Setting of parameters in objective function.
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	Parameter
	Value





	C1
	0.50



	C2
	0.20



	Cm,loss
	0.35



	Closs
	0.40
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Table 2. Cost Analysis of Different Scenes.
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Scene Sequence Number

	
Cm (Yuan)

	
CDR (Yuan)

	
CESS.loss (Yuan)

	
CEP (Yuan)

	
Cpl (Yuan)

	
Total Cost (Yuan)

	
Total VD (p.u.)






	
1

	
Before

	
2218.96

	
0.00

	
0.00

	
9170.20

	
3495.70

	
20,085.00

	
62.78




	
After

	
8022.57

	
276.04

	
197.86

	
6735.84

	
3512.83

	
18,745.13

	
54.54




	
2

	
Before

	
1216.88

	
0.00

	
0.00

	
11,178.00

	
3751.10

	
22,280.00

	
62.68




	
After

	
8036.60

	
279.87

	
206.42

	
8583.81

	
3768.74

	
20,875.43

	
55.17




	
3

	
Before

	
2948.64

	
0.00

	
0.00

	
8733.30

	
2810.70

	
18,417.00

	
67.45




	
After

	
7838.63

	
262.90

	
206.64

	
5928.41

	
2852.37

	
17,088.96

	
57.31




	
4

	
Before

	
3311.53

	
0.00

	
0.00

	
7802.70

	
2719.50

	
17,544.00

	
64.60




	
After

	
7913.94

	
260.79

	
189.39

	
5104.19

	
2718.05

	
16,186.36

	
56.46




	
5

	
Before

	
3936.21

	
0.00

	
0.00

	
6758.60

	
2566.20

	
16,304.00

	
64.76




	
After

	
7873.91

	
224.72

	
182.68

	
4152.56

	
2575.14

	
15,009.01

	
55.90
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