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ABSTRACT 

In microgrids it is essential to coordinate and control generation, 

demand participation and storage devices. Various approaches 

have been attempted to model microgrid control algorithms that 

manage such resources. This paper presents the optimization of a 

microgrid operation based on centralized control strategies. All 

energy sources and loads are assumed to have microcontrollers 

that allow the setting of the amounts of power generation and 

consumption.  The units follow commands from the control 

center, which determine the amount of energy to be generated 

within the microgrid and the amount to be withdrawn from the 

distribution system, optimizing the local production capabilities. 

The microgrid comprises of a variety of energy resources and the 

centralized control decides whether to use each one, based on 

their bidding price and on the market price, which varies during 

the day. It is possible to shed portions of some of the loads, which 

is done by mutual agreement between the consumers and the 

microgrid controller. In the case of load shedding, the consumer 

receives a compensation. The system characteristics discussed in 

this paper are based on the work “Centralized Control for 

Optimizing Microgrids Operation”, by Antonis G. Tsikalakis and 

Nikos D. Hatziargyriou's.  The paper reproduces by simulation a 

case study of a single bus system. It is demonstrated in detail how 

to implement the control in MATLAB by using appropriate 

transformations of variables. It is notable that the optimization 

results in specific modes of operation depending on the biddings 

and market prices throughout the day. The optimization of the 

microgrid operation allows the microgrid to maximize profit or 

minimize its operation costs.   
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1. INTRODUCTION 
Microgrids are low-voltage distribution networks that include 

distributed generators, storage devices and controllable loads [7]. 

It is essential to find a rational method to manage these resources 

[1,3,6]. A microgrid (MG) can operate either interconnected or 

isolated from the upstream grid. In the latter case, the grid is said 

to operate in an  “island mode”. Demand Participation is the 

capability of the microgrid nodes to respond to system conditions 

such as energy price and economic incentives [1].  

Various approaches have been attempted to model a microgrid 

control. In this work, a centralized control strategy is simulated. In 

a centralized control, the sources and loads have microcontrollers 

that follow orders from a control center, which determines the 

amount of power to be generated within the microgrid and the 

amount of power that it should draw from the distribution system 

in order to optimize the local production capabilities. This paper 

focuses on the optimal microgrid control considering bidding 

policies in the power market. The main goals are: (i) investigating 

the models associated with microgrid market policies (ii) 

exploring how to implement it using MATLAB. 

2. PROBLEM FORMULATION 
As presented in [6,7], the energy market typically relies on 

bidding processes, such as: “at the first m-min interval, say 15 

min, there is a bidding process regarding the MG energy 

production and consumption for the next hour. Each bidder selects 

its bids independently; based on the bidder’s estimation of the 

residual demand curve” [2].  

Two control policies are considered, as in [6,7]. The first policy 

aims at a minimum operational cost and the second policy focuses 

on maximizing the overall profit of the MG. 

2.1 MINIMUM COST POLICY 
Whenever minimizing the system cost, the MG aims at generating 

energy at the least possible cost, and the consumers share the 

benefits. The costs include the bids to generate power, the 

expenses to buy power from the main grid and the charges to 

compensate the consumers whenever load shedding is exercised. 

The objective function for each time interval is:  

Minimize 

           𝑓𝑐𝑜𝑠𝑡 = ∑ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖(𝑥𝐺𝑖) + 𝐴𝑋 +𝑛𝐺
𝑖=1 ∑ 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖

)𝑛𝐿
𝑖=1    (1) ( 1 ) 

Subject to: 

         𝑥𝐺𝑖,𝑚𝑖𝑛 ≤ 𝑥𝐺𝑖 ≤ 𝑥𝐺𝑖,𝑚𝑎𝑥       (2) 

                    0 ≤ 𝑥𝐿𝑖 ≤ 𝑥𝐿𝑖,𝑚𝑎𝑥                         (3) 

𝑋 + ∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1 = 𝑃𝑑𝑒𝑚𝑎𝑛𝑑 − ∑ 𝑥𝐿𝑖

𝑛𝐿
𝑗=1       (4) 

                                                       0 ≤ 𝑋 ≤ 𝑃𝑑𝑒𝑚𝑎𝑛𝑑                        (5) 

Where nG is the number of generators and nL is the number of 

loads that can be shed. 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖  is the bid from the i-th 

distributed generation source. It is assumed to be a linear function 

of the amount of power generated 𝑥𝐺𝑖  , which has to be between 

𝑥𝐺𝑖,𝑚𝑖𝑛 and 𝑥𝐺𝑖,𝑚𝑎𝑥, the lower and upper operational limits of the 

i-th generator. 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖  is the bid from the i-th load, which is a 

linear function of the amount of shed power, 𝑥𝐿𝑖. It is a 

compensation to the consumer due to the curtailment of its load. 
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𝑥𝐿𝑖,𝑚𝑎𝑥 is the maximum amount of power that the consumer 

allows to shed. X is the amount of power bought from the main 

grid and A is the market price.  

The lower limit of power bought from the grid, X, is zero, which 

means that the MG may buy no power - if it is self sufficient - and 

the upper limit is 𝑃𝑑𝑒𝑚𝑎𝑛𝑑, since the MG may buy all electricity 

from the main grid - if it is cheaper than to generate it itself. 

The equality constraint means that the supplied load, (𝑃𝑑𝑒𝑚𝑎𝑛𝑑 −
∑ 𝑥𝐿𝑖)𝑛𝐿

𝑗=1  must be provided by the power bought from the main 

grid, X, and/or the power generated within the MG (∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1 ). 

In other words, there are three ways to meet the demand: (i) 

generating power within the MG, (ii) buying power from the main 

grid (iii) shedding loads. 

 

2.2 MAXIMUM PROFIT POLICY 
In this policy the goal is to maximize the MG profit through the 

power exchange with the main grid, by selling energy to or buying 

energy from the main grid, depending whether the open market 

price is more expensive or cheaper than the generation cost of the 

MG. The MG will sell energy to the local consumers and to the 

grid at the market price. Sometimes the MG will buy energy from 

the grid also at the market price. Thus, the profit is obtained by 

the difference between the open market price and the microgrid 

generation price. Whenever it is cheaper to generate energy than 

buy it from the grid, the MG will generate this energy and sell it at 

the market price, achieving profit. Whenever it is cheaper to buy 

energy from the grid than generate it, the MG will buy the energy 

and sell it to the consumers at the same price, not realizing any 

profit of course. 

The optimization function for each decision time is: 

Maximize 

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 

 Where 

𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 = ∑ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖(𝑥𝐺𝑖
) +𝑛𝐺

𝑖=1

                          𝐴𝑋                  + ∑ 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖)𝑛𝐿
𝑖=1      (6) 

The expenses include three terms, which are, respectively, the 

bids to generate power, the cost to buy from the grid and the cost 

to pay the compensation to the consumers. Note that this equation 

is the same in the previous policy, i.e., the total cost. 

The Revenue is the amount received for supplying the consumers. 

They are charged at the market price, it does not matter if the 

power was bought from the grid - first term in the equation- or 

generated by the microgrid –second term in the equation. 

  𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠 = 𝐴𝑋 + 𝐴 ∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1         (7) 

Thus, since: 

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 

 

𝑃𝑟𝑜𝑓𝑖𝑡 = (𝐴𝑋 + 𝐴 ∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1 ) − (∑ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖(𝑥𝐺𝑖

) +𝑛𝐺
𝑖=1

                           𝐴𝑋              + ∑ 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖)𝑛𝐿
𝑖=1 )       (8) 

 

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐴 ∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1 −

               ∑ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖(𝑥𝐺𝑖
) −𝑛𝐺

𝑖=1 ∑ 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖)𝑛𝐿
𝑖=1       (9) 

 

Note that the term “AX” does not appear in the profit function, 

because the same amount of power bought from the grid is 

transferred to the consumers, at the same price. Therefore, no 

profit is obtained in this transaction.  

Supposing now that the MG sell energy to the grid – instead of 

buying from it. In this case, since there is no power bought from 

the grid, AX=0, and the expenses only comes from the bids: 

𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 = ∑ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖(𝑥𝐺𝑖
) +

𝑛𝐺

𝑖=1

∑ 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖
)

𝑛𝐿

𝑖=1

 (10) 

The revenues are: 

      𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠 =  𝐴 ∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1       (11) 

It may be confusing that the term “AX” does not appear in the 

Revenues expression. However, it is important to notice that 

∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1  comprises the entire generation, which comprises the 

generation for the microgrid and for the upstream grid. Thus, the 

term (𝐴 ∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1 ) contemplates all the revenues, including the 

sales to the microgrid and the sales to the upstream grid (both 

done at the market price A). Therefore, the objective function is 

the same, and it contemplates both situations - buying or selling 

from/to the grid: 

 
𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐴 ∑ 𝑥𝐺 𝑖
𝑛𝐺
𝑖=1 −

      ∑ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖(𝑥𝐺𝑖
) −𝑛𝐺

𝑖=1 ∑ 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖
) 𝑛𝐿

𝑖=1  (12) 

The objective function is subjected to the same constraints as in 

the minimum cost policy, except that, here, the limits of the power 

bought from the grid are: 

                        ∑ 𝑥𝑖 𝐺,𝑚𝑎𝑥
− 𝑃𝑑𝑒𝑚𝑎𝑛𝑑 ≤ 𝑋 ≤ 𝑃𝑑𝑒𝑚𝑎𝑛𝑑    (13) 

As in the Minimum Cost Policy, the maximum amount of power 

that can be bought from the grid is 𝑃𝑑𝑒𝑚𝑎𝑛𝑑, in the case that it is 

cheaper to buy all the power from the grid.  The difference here is 

that, in Policy II, it is possible to sell energy to the grid. A 

negative X represents this situation and the maximum amount that 

can be sold is ∑ 𝑥𝑖𝐺,𝑚𝑎𝑥
− 𝑃𝑑𝑒𝑚𝑎𝑛𝑑 , which means that the 

microgrid must firstly supply the load and then sell the extra 

energy.  

BIDS 

Each generator bid is a function of the amount 𝑥𝑖𝐺
 of power 

generated, and the function is assumed to be linear, in the form: 

        𝑏𝑖𝑑(𝑥𝑖𝐺
) = 𝑎𝑖𝑥𝑖 + 𝑏𝑖       (14) 

Where, as described in [7], for fuel-consuming units, 

𝑎𝑖 coefficient corresponds to the fuel cost, and, for renewable 

sources, it stands for the annual depreciation for generating each 

kWh. 𝑏𝑖 is the hourly ROI for the initial investment and startup 

costs. 

 

3. STUDY CASE 
A typical case study of a low voltage network , adapted from [7], 

assumes that the network consists of several distributed generation 

(DG) sources - micro turbine (MT),  proton exchange membrane 
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fuel cell (PEM-FC), wind turbine (WT) and several photovoltaic 

(PV) panels – all installed in the residential feeder of the network. 

Figure 1 presents the single bus network. 

The data provided by [7] is used to represent the system 

characteristic, including bids and market price. Table 1 present the 

generators active bids and operation characteristics and Table 3 

presents the Market Price. 

 

 
Figure 1 - Study Case: Microgrid comprising of residential 

load and various distributed generators. [7-adap.] 

Table 1 – Generators Active Bids and Operation 

Characteristics [7-adap]. 

 Bid coefficients 

(ai.xi+bi) 

Min 

Power 

(kW) 

Max 

Power 

(kW) Unit 

Type 

ai bi 

MT 4.37 85.06 6 30 

FC 2.84 255.18 3 30 

WT 10.63 0 0 15 

PV1 54.84 0 0 3 

PV2 54.84 0 0 3 

PV3 54.84 0 0 3 

PV4 54.84 0 0 3 

PV5 54.84 0 0 3 

 

Table 2- Load Bids and Characteristics. 

 Bid coefficients 

(ai.xgi+bi) 

Low-

Priority 

(kW) 
Load ai bi 

L1 6.9 0 2 

L2 6.9 0 2 

L3 6.9 0 2 

𝑳𝟒 Does not allow 

shedding. 

0 

 

The total load is assumed to be 83 kW, distributed among four 

customers. Three of them allowed to shed a maximum of 2kW at 

a bid price of: 

                       𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖) = 6.9𝑥𝐿𝑖        (15) 

Where 𝑥𝐿𝑖 is the amount of load to be shed. Table 2 presents the 

customer characteristics. 

Table 3 – Market Price in each hour interval [7] 

Hour Price 

(Euro/MWh) 

Hour Price 

(Euro/MWh) 

1 22.64 13 149.86 

2 19 14 400 

3 13.9 15 201 

4 12.00 16 194.99 

5 11.53 17 60 

6 19.94 18 41.3 

7 23.01 19 35.16 

8 38.37 20 43.95 

9 149.86 21 117.12 

10 400 22 54 

11 400 23 30 

12 400 24 25.57 

 

4. IMPLEMENTATION DETAILS 
The problem presented in the previous section is that of a linear 

programming optimization, since the objective function is linear 

in the unknowns and the constraints consist of linear equalities 

and inequalities [4]. 

From the MATLAB Optimization Toolbox we use the function 

“linprog”, which [5-adap]:  

“Finds the minimum of a problem specified by 

                      min
z

f T z such that {
A. z = b

Aeq. z = beq

lb ≤ z ≤ ub

           (16) 

f, z, b, beq, lb, and ub are vectors, and A and Aeq are 

matrices.” 

Where  

“ z = linprog(f,A,b,Aeq,beq,lb,ub) defines a set of lower 

and upper bounds on the design variables, z, so that the 

solution is always in the range lb ≤ z ≤ ub” [5-adap]  

As can be seen from the linprog definition, there is no way to 

include the free terms of linear cost functions. The ignoring of 

such free terms may often lead to wrong optimization results, as 

demonstrated in the following simple example. 

Consider, for instance, the following bids, presented in Table 1 

and Figure 2, for a microturbine (MT) and a wind turbine (WT), 

respectively:  

𝑀𝑇𝑏𝑖𝑑 = 4.37𝑥 + 85.06 

𝑊𝑇𝑏𝑖𝑑 = 10.63𝑥 

Assuming that 15kWh are required, the minimum cost will be 

given by the MT (1.50 Euro/h). If the WT were chosen, the cost 

would be 1.59 Euro/h (plus 85.06 Ect/h from the MT even if it is 

not generating). Neglecting the free terms in the linear cost 
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function (and even if we add them later), the answer would be 

choosing the WT, which is erroneous. 

 

Figure 2 - Bidding Prices for a Microturbine (MT) and a Fuel 

Cell (FC) 

 
 

Thus, in order to be able to use ‘linprog’ function, it is necessary 

to perform variables transformation, from the x-vector, the vector 

of optimized variables, to z-vector, the vector to be used in 

MATLAB linprog function. 

The vector of optimized variables is: 

𝑥 = [𝑃𝐺1
, … , 𝑃𝐺𝑛𝐺

, 𝑋, 𝑆𝐿1
 , … , 𝑆𝐿𝑛𝐿

]       (17) 

Where 𝑃𝐺𝑖
 is the amount of power to be generated in i-th 

generator, X is the amount of power to be bought from the grid 

and 𝑆𝐿𝑖
 is how much of the i-th load should be shed. 

The z-vector is: 

 

𝑧 = [𝑧1, … , 𝑧𝑛𝐺 , 𝑋, … , 𝑧(𝑛𝐺+𝑛𝐿+1)] 
 

The following sections present the relationship between x and z-

vector elements. 

 

4.1 MINIMUM COST POLICY 
If 𝑎𝑖 , 𝑏𝑖  are bid coefficients, define: 

            𝑧𝑖𝐺 = 𝑎𝑖𝑥𝑖𝐺 + 𝑏𝑖𝐺       (19) 

             𝑧𝑖𝐿
= 𝑎𝑖𝑥𝑖𝐿

+ 𝑏𝑖𝐿      (20) 

Since 𝑧𝑖 𝐺 and 𝑧𝑖 𝐿  have the same form (ax+b), it is possible to 

generalize, for the generators and loads: 

 𝑧𝑖 = 𝑎𝑖𝑥𝑖 + 𝑏𝑖      (21) 

The objective function assumes the form: 

Minimize: 

 𝑓 = ∑ 𝑧𝑖 𝐺
𝑛𝐺
1 + ∑ 𝑧𝑖𝐿

𝑛𝐿
1 + 𝐴𝑋      (22) 

                     𝑓 = ∑ 𝑧𝑖
𝑛𝐺+𝑛𝐿
1 + 𝐴𝑋             (23) 

Subjected to: 

                                            xi,min ≤ xi ≤ xi,max                     (24) 

Which is transformed into: 

                               𝑎𝑖𝑥𝑖,𝑚𝑖𝑛 + 𝑏𝑖 ≤ 𝑧𝑖 ≤ 𝑎𝑖𝑥𝑖,𝑚𝑎𝑥 + 𝑏𝑖     (25) 

In addition, the transformed equality constraint is:  

    𝑋 + ∑ 𝑥𝑖𝐺 + ∑ 𝑥𝑖𝐿 = 𝑃𝑑𝑒𝑚𝑎𝑛𝑑     (26) 

   𝑋 +
1

𝑎𝑖
 ∑ 𝑧𝑖 = 𝑃𝑑𝑒𝑚𝑎𝑛𝑑 + ∑ (

𝑏𝑖

𝑎𝑖
)     (27) 

Once the problem is solved for the variable z, the actual physical 

variables xi are generated as output maps: 

𝑥𝑖 =
𝑧𝑖−𝑏𝑖

𝑎𝑖
        (28) 

4.2 MAXIMUM PROFIT POLICY 
Since the objective function assumes the form: 

Maximize: 

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐴 ∑ 𝑥𝐺𝑖
𝑛𝐺
𝑖=1 −

              ∑ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟𝑏𝑖𝑑𝑖(𝑥𝐺𝑖
) −𝑛𝐺

𝑖=1 ∑ 𝑙𝑜𝑎𝑑𝑏𝑖𝑑𝑖(𝑥𝐿𝑖)𝑛𝐿
𝑖=1      (29) 

It can be written in the form: 

   𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐴 ∑ 𝑥𝐺𝑖

𝑛𝐺

𝑖=1

− ∑(𝑎𝑖𝐺 . 𝑥𝑖𝐺 + 𝑏𝑖𝐺)

𝑛𝐺

𝑖=1

 

                                           −  ∑(𝑎𝑖𝐿𝑥𝑖𝐿 + 𝑏𝑖𝐿)

𝑛𝐿

𝑖=1

                              (30) 

Thus, 

      𝑃𝑟𝑜𝑓𝑖𝑡 = ∑[(𝐴 − 𝑎𝑖𝐺)𝑥𝑖𝐺 − 𝑏𝑖𝐺]

𝑛𝐺

𝑖=1

− ∑[𝑎𝑖𝐿𝑥𝑖𝐿 + 𝑏𝑖𝐿]

𝑛𝐿

𝑖=1

    (31) 

Considering, in this case: 

                                          𝑧𝑖𝐺 = (𝐴 − 𝑎𝑖𝐺)𝑥𝑖𝐺 − 𝑏𝑖𝐺       (32) 

              𝑧𝑖𝐿 = 𝑎𝑖𝐿𝑥𝑖𝐿 + 𝑏𝑖𝐿      (33) 

The objective function becomes: 

 

Maximize 

         𝑓 = ∑ 𝑧𝑖𝐺
𝑛𝐺
1 − ∑ 𝑧𝑖𝐿

𝑛𝐿
1       (34) 

Subjected, for generators, to the inequality constraint: 

         𝑥𝑖𝐺,𝑚𝑖𝑛 ≤ 𝑥𝑖𝐺 ≤ 𝑥𝑖𝐺,𝑚𝑎𝑥     (35) 

It is important to note that whenever 𝐴 ≤ 𝑎𝑖𝐺  in this expression, 

the constraint becomes infeasible, as the lower boundary becomes 

greater than the upper boundary. In order to resolve this issue, the 

sign of equation (35) is reversed. Then the equation becomes 

related to the variables (−𝑧𝑖𝐺). It is important to multiply 𝑧𝑖𝐺  by (-

1) in the objective function and in the equality constraint, to 

assure that we are actually adding terms such as  𝒛𝒊𝑮 = −(−𝒛𝒊𝑮) 

to these functions. 

For the loads that can be shed: 

                                             𝑥𝑖𝐿,𝑚𝑖𝑛 ≤ 𝑥𝑖𝐿 ≤ 𝑥𝑖𝐿,𝑚𝑎𝑥                     (37) 

                                           𝑏𝑖𝐿 ≤ 𝑧𝑖 ≤ 𝑎𝑖𝑥𝑖,𝑚𝑎𝑥 + 𝑏𝑖𝐿                     (38) 

The equality constraint is: 

      𝑋 + ∑ 𝑥𝑖𝐺 + ∑ 𝑥𝑖𝐿 = 𝑃𝑑𝑒𝑚𝑎𝑛𝑑     (39) 

Substituting (32) and (33): 

𝑋 + ∑
𝑧𝑖𝐺+𝑏𝑖𝐺

𝐴−𝑎𝑖𝐺
+ ∑

𝑧𝑖𝐿−𝑏𝑖𝐿

𝑎𝑖𝐿
= 𝑃𝑑𝑒𝑚𝑎𝑛𝑑      (40) 

After manipulation, the equality constraint in z-variables is: 

    
1

𝐴−𝑎𝑖𝐺

∑ 𝑧𝑖𝐺 + 𝑋 +
1

𝑎𝑖𝐿

∑ 𝑧𝑖𝐿 = 𝑃𝑑𝑒𝑚𝑎𝑛𝑑 − ∑
𝑏𝑖𝐺

𝐴−𝑎𝑖𝐺
+ ∑

𝑏𝑖𝐿

𝑎𝑖𝐿
     (41) 
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Once the problem is solved for the variable z, it is also solved for 

x. The respective solutions in x are: 

𝑥𝑖𝐺 =
(𝑧𝑖𝐺+𝑏𝑖)

𝐴−𝑎𝑖𝐺
                     (41) 

𝑥𝑖𝐿 = (𝑧𝑖𝐿 − 𝑏𝑖𝐿)/( 𝑎𝑖𝐿)     (42) 

5. RESULTS 

5.1 Scenario 1 – Case Study 

5.1.1 Minimum Cost Policy 
Table 4 shows the results for a 24-hours dispatch. During the 

intervals between 1am-8am, the MT, FC and WT generate at their 

maximum capacity because, in this period, their generation cost is 

cheaper than buying energy from the main grid. In addition, all 

possible curtailment is done, since it is cheaper to pay the 

compensation to the consumers than supply them by the grid or 

using the PV sources. However, generating the maximum power 

in the MT, FC and WT, and shedding all possible loads are not 

enough to supply the rest of the demand, so the MG still must buy 

2kW from the main grid. Note that, in this period, it is cheaper to 

buy from the grid (maximum market price of 38.37 Euro/MWh) 

than generate power through the PV arrays (which would cost 

54.84/MWh). From 9am to 5pm, instead of buying 2kW from the 

grid, the PV arrays supply this power, because it is very expensive 

to buy energy from the grid in this period, which lower market 

price is 149.86 Euro/MWh. It is much more expensive than the 

PVs bids (54.84 Euro/MWh). Finally, between 18h and midnight, 

it is cheaper to buy 2kWh from the grid, except for 21h, when the 

market price (117.12 Euro/MWh) is higher than the price to 

generate from the PV arrays (54.84 Euro/MWh). Hence, energy 

stored from PV arrays is used. 

 

Table 4 – Dispatch for Policy I – Study Case 

Hour: 1-8 9-17 18-20 21 22-24 

MT 30.00 30.00 30.00 30.00 30.00 

FC 30.00 30.00 30.00 30.00 30.00 

WT 15.00 15.00 15.00 15.00 15.00 

PV1 0.00 0.40 0.00 0.40 0.00 

PV2 0.00 0.40 0.00 0.40 0.00 

PV3 0.00 0.40 0.00 0.40 0.00 

PV4 0.00 0.40 0.00 0.40 0.00 

PV5 0.00 0.40 0.00 0.40 0.00 

X 2.00 0.00 2.00 0.00 2.00 

L1 2.00 2.00 2.00 2.00 2.00 

L2 2.00 2.00 2.00 2.00 2.00 

L3 2.00 2.00 2.00 2.00 2.00 

 

5.1.2 Maximum Profit Policy 
In this policy, there is no load shedding, because this practice 

reduces the profit, since it is necessary to pay compensations to 

the consumers as a manner of repairing the curtailment of their 

loads. It is also noted that in the intervals where the power from 

the grid is cheaper (1-8, 18-20 and 22-24), the microgrid buy 

energy. In the intervals where the energy is expensive (9-17 and 

21), the microgrid sells energy to the upstream grid at the Market 

price, achieving profit in this operation. The results for this policy 

are presented in Table 5, and the following subsections explore 

some other scenarios. 

Table 5- Dispatch for Policy II –Study Case 

Hour: 1-8 9-17 18-20 21 22-24 

MT 30.00 30.00 30.00 30.00 30.00 

FC 30.00 30.00 30.00 30.00 30.00 

WT 15.00 15.00 15.00 15.00 15.00 

PV1 0.00 3.00 0.00 3.00 0.00 

PV2 0.00 3.00 0.00 3.00 0.00 

PV3 0.00 3.00 0.00 3.00 0.00 

PV4 0.00 3.00 0.00 3.00 0.00 

PV5 0.00 3.00 0.00 3.00 0.00 

X 8.00 -7.00 8.00 -7.00 8.00 

L1 0.00 0.00 0.00 0.00 0.00 

L2 0.00 0.00 0.00 0.00 0.00 

L3 0.00 0.00 0.00 0.00 0.00 

 

5.2 Scenario 2 – PV cheaper than WT 
Now, it is assumed that all the PV sources have a bidding price 

that is cheaper than the WT bid. All other data is the same of the 

Study Case - Scenario 1. 

𝑊𝑇𝑏𝑖𝑑 = 10.63𝑥𝑖𝐺 

𝑃𝑉𝑏𝑖𝑑 = 8𝑥𝑖𝐺 

5.2.1 Minimum Cost Policy 
In this case, as shown in Table 6, all intervals present the same 

behavior: no power is bought from the grid. It happens because all 

the bidding prices, for MT, FC, WT and PVs, are cheaper than the 

Market Price in each interval. The Market Price has a minimum of 

11.53 Euro/MWh and the highest bidding price is from the WT, 

which is 10.63 Euro/MWh. The loads are shed because it is 

cheaper to shed it than supply it by the WT or buy it from the grid. 

Table 6 - Dispatch for Scenario II - Policy I 

Hours: 1-24 

MT 30.00 

FC 30.00 

WT 2.00 

PV1 3.00 

PV2 3.00 

PV3 3.00 

PV4 3.00 

PV5 3.00 

X 0.00 

L1 2.00 

L2 2.00 

L3 2.00 
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5.2.2 Maximum Profit Policy 
Since the price to generate is always cheaper than the Market 

Price, the microgrid will always generate at its maximum in order 

to sell extra energy (7kW) to the system for a higher price. There 

is no load shedding, as it is expected when maximizing profits. 

Table 7 - Dispatch for Scenario II - Policy II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3 Scenario 3 – Load Shedding is expensive 
Suppose now that it is more expensive to shed the loads. It will 

cost 12 Euro/MWh. All other data is the same as of that of 

Scenario 2. 

5.3.1 Minimum Cost Policy 
In this case, Table 7 shows that the grid generates all needed 

energy, because it is cheaper than buy it from the grid and it is 

cheaper to supply the loads than shed it. However, when the 

system cannot generate enough energy to supply the entire 

microgrid, it must choose between buying energy from the 

upstream grid or shed loads. 

Table 8 - Dispatch for Scenario III - Policy I 

 

5.3.2 Maximum Profit Policy 
As it is expected, the result for this policy in scenario 3 is the 

same of that one in scenario 2, because the only change done in 

the system is the cost to shed a load. Nevertheless, in this policy, 

there is no load shedding, because it always means to decrease the 

profit. 

Table 9 - Dispatch for Scenario III - Policy II 

 

 

 

 

 

 

 
 

 

 

 

 

6. CONCLUSIONS 
In this work a centralized control in a microgrid with different 

energy sources is simulated. The central idea is that the control 

system decides whether to buy or sell energy from the grid, based 

on the bid prices and the market price. The main goal is to 

optimize the microgrid power exchange with the grid, by 

minimizing the microgrid costs or maximizing its profit. 

It is discussed and explained how to derive the objective functions 

of the problem. The paper presents a detailed way of doing the 

necessary variables transformation, which is required to 

implement the system equations in MATLAB “linprog” function.   

The optimization results in specific behaviors depending on the 

time of the day: when the electricity of the upstream grid is very 

cheap, it is preferrable to buy it. When it is expensive, it is more 

economic (or more profitable) for the microgrid to generate its 

own energy. 

In the Minimum Cost Policy, shedding load is a common practice, 

since paying the compensations for the consumers sometimes is 

cheaper than supplying them through the upstream grid. In 

Maximum Profit Policy, however, this practice never occurs, 

because shedding loads always decreases the profits. 

The generation distribution between Wind Turbine, Fuel Cell, 

Wind Turbine and Photovoltaic Arrays, depends on the bidding 

prices of each one. In the Case Study, the Photovoltaic Arrays are 

the most expensive sources, so the energy that comes from them is 

stored and used during the times that the upstream grid energy 

price is more expensive – for example, 9pm.  

The paper shows how a central controller can manage and 

optimize the relation between the microgrid and the upstream 

network, since it allows the microgrid to maximize its profit and 

decrease costs. The microgrid achieves it by storing energy to sell 

Hours: 1-24 

MT 30.00 

FC 30.00 

WT 15.00 

PV1 3.00 

PV2 3.00 

PV3 3.00 

PV4 3.00 

PV5 3.00 

X -7.00 

L1 0.00 

L2 0.00 

L3 0.00 

Hours: 1-24 

MT 30.00 

FC 30.00 

WT 8.00 

PV1 3.00 

PV2 3.00 

PV3 3.00 

PV4 3.00 

PV5 3.00 

X 0.00 

L1 0.00 

L2 0.00 

L3 0.00 

Hours: 1-24 

MT 30.00 

FC 30.00 

WT 15.00 

PV1 3.00 

PV2 3.00 

PV3 3.00 

PV4 3.00 

PV5 3.00 

X -7.00 

L1 0.00 

L2 0.00 

L3 0.00 
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it or use it during the peak times, when energy from the upstream 

grid is expensive. 
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