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Abstract 

The interest in heat energy network as well as electri energy network has been growing. 

For this reason, it is required to develop the integration operation technique of electric and 

heat energy by using the combined heat and power (CHP) generation.Electric energy can be 

used for heat energy in order to improve the energy efficiency by the electric heater in the 

proposed centralized micro-energy network (μENet).This paper deals with an optimal 

operation model for centralized micro-energy network considering the electric heating. A 

mathematical model is established and the validation of proposed the model is shown through 

the simulation. 

 

Keywords: Micro-energy network, optimal operation, combined heat and power (CHP) 

system, heat trade, electric heating 

 

1. Introduction   

In order to expand smart grid to application networks with  various resources, total energy 

network including heat energy as well as electric energy has been studied recently. Especially, 

electric energy networks are studied in many applications such as smart-grid and microgrid 

but heat energy network is studied in the basic research phase although the heat energy takes 

up the most of the energy compsumtion with electric energy. Therefore, the development of 

network technologies based on heat trade has been required [1-4]. 

Meanwhile, building energy management systems (BEMSs) managing and operating the 

electric and heat energy at a building have been studying [5-7] and studies on the district 

heating and combined heat and power (CHP) generation for effective operation have being 

carried out [8, 9]. Especially, optimal operation technique of energy network using the CHP 

generation is key technique of combind electric and heat energy network because it can 

manage both of the electric and heat energies effectively. 

This paper proposes an optimal operation model for centralized micro-energy network 

(μENet) which is a cooperative operation model composed of a group of buildings. the system 

can trade with power grid but the system is not connected with a district heat system for 

trading heat energy. In addition, electric heating can be used for heat loads by the electric 

heater. Optimal operation scheduling of μENet is performed by the μENet energy 

management system (μEMS). A mathematical model for optimal operation is established and 

is tested to show feasibility through the simulation. 
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2. Micro-Energy Network  

A micro-rnergy network(μENet) has an optimal operation model of electric energy and 

heat energy of a group of buildings as an energy community. Although various types of 

μENet can be existed according configurations, this paper deals with a μENet which has 

centralized operation model as shown in Figure 1. In the μENet, the electric energy network 

and the heat energy network are coupled at CHP generators in buildings because they produce 

electric and heat energies together. In addition, the heat energy can economically meet by 

using the cheap electric energy using the electric heater in buildings. In order to economically 

operate, μENet has a μENet energy management system(μEMS) which has a function of the 

optimal operation to manage total energy in the μENet. 
 

 

Figure 1. Information and energy flows in the centralized μENet 
 

3. Mathematical Modeling of μENet Operation 

In this section, the operation process of the μENet is mathematically modeled. 

Mathematical notations are first defined as shown in Section 3.1, and the mathematical model 

for operating the μENet is presented. 

 

3.1 Nomeclature 

 

𝑡 = the identifier of operation interval 

𝑇 = the number of operation intervals 

𝑙   = the identifier of buildings 

𝐿 = the number of buildings 

j = the identifier of heat only boiler (HOB) 

𝐽 = the number of HOBs 

𝑒 = the identifier of electric energy 

ℎ = the identifier of heat energy 

𝜂𝐶𝐻𝑃𝑙
= the heat to power ratio of [%] 

𝜏𝐶𝐻 = the charging loss of the ESS [%] 

𝜏𝐷𝐼𝑆𝐶𝐻 = the discharging loss of the ESS [%] 

𝑀𝐸𝑆𝑆
𝑆𝑂𝐶(𝑡) = the state of charge the ESS [%] 

𝑀𝐸𝑆𝑆
𝑆𝑂𝐶̅̅ ̅̅ ̅̅ ̅ = the maximum state of charge of the ESS [%] 

𝑀𝐸𝑆𝑆
𝑆𝑂𝐶 = the minimum state of charge of the ESS [%] 
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𝐶𝐶𝐻𝑃𝑙

𝑒 = the electric energy production cost of the CHP in the 𝑙𝑡ℎ building [won/kWh] 

𝐶𝐶𝐻𝑃𝑙

ℎ = the hgeat energy production cost of the CHP in the 𝑙𝑡ℎ building [won/kWh] 

𝐶𝐻𝑂𝐵𝑙,𝑗

ℎ = the cost of the 𝑗𝑡ℎ HOB in the 𝑙𝑡ℎ building [won/kWh] 

𝑃𝑅𝐵𝑈𝑌𝑙

𝑒 (𝑡) = the buying price from the power grid in the 𝑙𝑡ℎ building [won/kWh] 

𝑃𝑅𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡) = the selling price to the power grid in the 𝑙𝑡ℎ building [won/kWh] 

𝑀𝑃𝑉𝑙

𝑒 (𝑡) = the output produced from the photovoltaic (PV) system in the 𝑙𝑡ℎ building  

                [won/kWh] 

𝑀𝐶𝐻𝑃𝑙

𝑒 (𝑡) = the electric energy production amount of the  CHP in the 𝑙𝑡ℎ building  

                  [won/kWh] 

𝑀𝐵𝑈𝑌
𝑒 (𝑡) = the amount of electric energy purchased from the power grid at 𝑡 [kWh] 

𝑀𝑆𝐸𝐿𝐿
𝑒 (𝑡) = the amount of electric energy sold to the power grid at 𝑡 [kWh] 

𝑀𝐷𝐼𝑆𝐶𝐻
𝑒 (𝑡) = the discharging amount of the ESS [kWh] 

𝑀𝐶𝐻
𝑒 (𝑡) = the charging amount of the ESS [kWh] 

𝑀𝑆𝐸𝑁𝐷𝑙

𝑒 (𝑡) = the sending electric energy amount in the  𝑙𝑡ℎ building [won/kWh] 

𝑀𝑅𝐸𝐶𝑙

𝑒 (𝑡) = the receiving electric energy amount in the  𝑙𝑡ℎ building [won/kWh] 

𝑀𝐿𝑂𝐴𝐷𝑙

𝑒 (𝑡) = electric energy demand in the 𝑙𝑡ℎ building [won/kWh] 

𝑀𝐶𝐻𝑃𝑙

𝑒→ℎ (𝑡) = the amount of electric energy generated from the CHP in the  𝑙𝑡ℎ building  

that is consumed by the heater in the  𝑙𝑡ℎ building [won/kWh] 

𝑀𝐵𝑈𝑌𝑙

𝑒→ℎ (𝑡) = the purchasing amount of electric energy consumed by the heater in the  

𝑙𝑡ℎ building [won/kWh] 

𝑀𝑆𝐻𝑙

ℎ (𝑡) = the output produced from the solar heat system in the 𝑙𝑡ℎ building  

                [won/kWh] 

𝑀𝐶𝐻𝑃𝑙

ℎ (𝑡) = the heat energy production amount of the  CHP in the 𝑙𝑡ℎ building  

                  [won/kWh] 

𝑀𝐻𝑂𝐵𝑙,𝑗

ℎ (𝑡) = the heat energy production amount of the 𝑗𝑡ℎ HOB in the  𝑙𝑡ℎ building  

[won/kWh] 

𝑀𝑆𝐸𝑁𝐷𝑙

ℎ (𝑡) = the sending heat energy amount in the  𝑙𝑡ℎ building [won/kWh] 

𝑀𝑅𝐸𝐶𝑙

𝑒 (𝑡) = the receiving heat energy amount in the  𝑙𝑡ℎ building [won/kWh] 

𝑀𝐿𝑂𝐴𝐷𝑙

ℎ (𝑡) = heat energy demand in the 𝑙𝑡ℎ building [won/kWh] 

𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 = the capacity of the energy storage system (ESS) [kWh] 

𝑀𝐸𝑆𝑆
𝐼𝑁𝑇 = the initial amount of the ESS [kWh] 

𝑀𝐻𝑂𝐵𝑙,𝑗

𝑐𝑎𝑝
 = the capacity of the  𝑗𝑡ℎ HOB in the  𝑙𝑡ℎ building [won/kWh] 

 

3.2 Mathematical modeling 

In this paper, the follong mathematical model for optimal operation of μENet including 

CHP generation based on LP is proposed. The proposed object function is established to 

minimize the cost of the μENet operation as shown in Eq. (1). 

The objective function of optimal operation of the μENet is proposed as shown in Eq. 

(1). It is base on the total operation cost in the μENet when external trading of electric 

energy with the power grid is applied as follows: 

 

C𝐸𝑁𝑒𝑡(𝑀𝐶𝐻𝑃1
𝑒 (𝑡) … 𝑀𝐶𝐻𝑃𝐿

𝑒 (𝑡), 𝑀𝑆𝐸𝑁𝐷1
𝑒 (𝑡) … 𝑀𝑆𝐸𝑁𝐷𝐿

𝑒 (𝑡),𝑀𝑆𝐸𝑁𝐷1
ℎ (𝑡) … 𝑀𝑆𝐸𝑁𝐷𝐿

ℎ (𝑡), 𝑀𝐶𝐻𝑃1
𝑒→ℎ (𝑡) … 𝑀𝐶𝐻𝑃𝐿

𝑒→ℎ (𝑡),    

  𝑀𝐻𝑂𝐵1,1
ℎ (𝑡) …  𝑀𝐻𝑂𝐵𝐿,𝐽

ℎ (𝑡), 𝑀𝐵𝑈𝑌1
𝑒 (𝑡) … 𝑀𝐵𝑈𝑌𝐿

𝑒 , 𝑀𝑆𝐸𝐿𝐿1
𝑒 (𝑡) … 𝑀𝑆𝐸𝐿𝐿𝐿

𝑒 , 𝑀𝐵𝑈𝑌1
𝑒→ℎ (𝑡) …  𝑀𝐵𝑈𝑌𝐿

𝑒→ℎ (𝑡)) 
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= ∑ {(𝐶𝐶𝐻𝑃𝑙

𝑒 ∙ 𝑀𝐶𝐻𝑃𝑙

𝑒 (𝑡)) + (𝐶𝐶𝐻𝑃𝑙

ℎ ∙ 𝜂𝐶𝐻𝑃𝑙
∙ 𝑀𝐶𝐻𝑃𝑙

𝑒 (𝑡)) + (0 ∙  𝑀𝑆𝐸𝑁𝐷𝑙

𝑒 (𝑡) +  0 ∙  𝑀𝑆𝐸𝑁𝐷𝑙

ℎ (𝑡)) +𝐿
𝑙=1

(𝑃𝑅𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡) ∙  𝑀𝐶𝐻𝑃𝑙

𝑒→ℎ (𝑡)) + ∑ (𝐶𝐻𝑂𝐵𝑙,𝑗

ℎ ∙  𝑀𝐻𝑂𝐵𝑙,𝑗

ℎ (𝑡))𝐽
𝑗=1 } + (𝑃𝑅𝐵𝑈𝑌𝑙

𝑒 (𝑡) ∙  𝑀𝐵𝑈𝑌𝑙

𝑒 (𝑡)) −

(𝑃𝑅𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡) ∙  𝑀𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡)) + (𝑃𝑅𝐵𝑈𝑌𝑙

𝑒 (𝑡) ∙  𝑀𝐵𝑈𝑌𝑙

𝑒→ℎ (𝑡))                (1) 

for 1 ≤ 𝑡 ≤ 𝑇, 1 ≤  𝑙 ≤ 𝐿 . 
 

Let  𝑃𝐸𝑁𝑒𝑡(𝑡) = (𝑀𝐶𝐻𝑃1

𝑒 (𝑡) … 𝑀𝐶𝐻𝑃𝐿

𝑒 (𝑡), 𝑀𝑆𝐸𝑁𝐷1

𝑒 (𝑡) … 𝑀𝑆𝐸𝑁𝐷𝐿

𝑒 (𝑡),𝑀𝑆𝐸𝑁𝐷1

ℎ (𝑡) … 𝑀𝑆𝐸𝑁𝐷𝐿

ℎ (𝑡), 

𝑀𝐶𝐻𝑃1

𝑒→ℎ (𝑡) … 𝑀𝐶𝐻𝑃𝐿

𝑒→ℎ (𝑡),  𝑀𝐻𝑂𝐵1,1

ℎ (𝑡) …  𝑀𝐻𝑂𝐵𝐿,𝐽

ℎ (𝑡), 𝑀𝐵𝑈𝑌1

𝑒 (𝑡) … 𝑀𝐵𝑈𝑌𝐿

𝑒 , 𝑀𝑆𝐸𝐿𝐿1

𝑒 (𝑡) … 𝑀𝑆𝐸𝐿𝐿𝐿

𝑒 ,  

𝑀𝐵𝑈𝑌1

𝑒→ℎ (𝑡) …  𝑀𝐵𝑈𝑌𝐿

𝑒→ℎ (𝑡)) be set of the energy generation amount and trading amount in 

the μENet. Since the total selling profit deducts the electric energy production cost and 

bying cost from the power grid, the energy optimization can be performed by 

minimizing the total operation cost as follows:  

 
𝑃𝐸𝑁𝑒𝑡

∗ = arg min {C𝐸𝑁𝑒𝑡(𝑃𝐸𝑁𝑒𝑡(𝑡)) } 
𝑃𝐸𝑁𝑒𝑡(𝑡)  

Constraints are defined as follows. CHP generators should be operated between 

minimum generation and maximum generation as shown in Eq. (2).  

 

min[𝑀𝐶𝐻𝑃𝑙

𝑒 ] ≤ 𝑀𝐶𝐻𝑃𝑙

𝑒 (𝑡) ≤ max[𝑀𝐶𝐻𝑃𝑙

𝑒 ]               (2) 

 
Heat only boilers (HOBs) should be operated within there operational rages. The 

constraint in (3) implies that HOBs cannot produce more that there capacities. 

 

𝑀𝐻𝑂𝐵𝑙,𝑗

ℎ (𝑡) ≤  𝑀𝐻𝑂𝐵𝑙,𝑗

𝑐𝑎𝑝
 , 1 ≤  𝑗 ≤ 𝐽.                                        (3) 

 

Equation (4) shows that  electric energy supply in μENet should meet its electric demand 

considering the trading with the power grid  

 

𝑀𝐿𝑂𝐴𝐷𝑙

𝑒 (𝑡) = 𝑀𝐶𝐻𝑃𝑙

𝑒 (𝑡) + 𝑀𝑃𝑉𝑙

𝑒 (𝑡) + 𝑀𝑅𝐸𝐶𝑙

𝑒 (𝑡) − 𝑀𝑆𝐸𝑁𝐷𝑙

𝑒 (𝑡) + 𝑀𝐷𝐼𝑆𝐶𝐻
𝑒 (𝑡) − 𝑀𝐶𝐻

𝑒 (𝑡) +

𝑀𝐵𝑈𝑌𝑙

𝑒 (𝑡) − 𝑀𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡)                                           (4) 

 

The  amount of heat energy from the CHP generator is assumed to the proportional 

amount of electric energy from the CHP generator according to its heat and electric energy 

ratio[4]. 

 

𝑀𝐶𝐻𝑃𝑙

ℎ (𝑡) = 𝜂𝐶𝐻𝑃𝑙
∙ 𝑀𝐶𝐻𝑃𝑙

𝑒 (𝑡)                 (5)                                                                                                 

 

The constraint to the heat energy balance in (6) that heat energy supply in a μENet 

should be more than its heat demand. 

 

𝑀𝐿𝑂𝐴𝐷𝑙

ℎ (𝑡) ≤ 𝑀𝑆𝐻𝑙

ℎ (𝑡) + 𝑀𝐶𝐻𝑃𝑙

ℎ (𝑡) +  𝑀𝐻𝑂𝐵𝑙,𝑗

ℎ (𝑡) + 𝑀𝐶𝐻𝑃𝑙

𝑒→ℎ (𝑡) + 𝑀𝑅𝐸𝐶𝑙

ℎ (𝑡) 

−𝑀𝑆𝐸𝑁𝐷𝑙

ℎ (𝑡)                    (6) 

∑ 𝑀𝑆𝐸𝑁𝐷𝑙

𝑒 (𝑡)𝐿
𝑙=1 = ∑ 𝑀𝑅𝐸𝐶𝑙

𝑒 (𝑡)𝐿
𝑙=1  
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The amount of electric energy consumed by the electric heater in a μENet is limited by the 

capacity of the electric heater.  

 

𝑀𝐶𝐻𝑃𝑙

𝑒→ℎ (𝑡) ≤ 𝑀𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡)                                                                                                   (7) 

 

When the demand is lower then the supply, the energy storage system (ESS) charges 

electric energy at a low price. In contrast, when the demand is higher then the supply, the ESS 

discharges electric energy which is stored in the ESS. In addition, the ESS can be operated by 

trade prices of electric energy with the power market as well as amount of load. This paper 

considered the lithium-ion battery energy storage system (BESS) model. In order to guarantee 

a best performance of the battery life, full charge or discharge should be minimized so as to 

prevent completion of the charging cycle. By considering the minimum and maximum state 

of charge (SOC), these characteristic should be reflected in the operation model of the BESS. 

In 𝑡 interval, electric energy which is charged to the BESS can be decided within capacity 

of BESS including stored electric energy in the BESS as shown in Eq. (8). 

 

𝑀𝐶𝐻
𝑒 (𝑡) ≤ {

𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 − 𝑀𝐸𝑆𝑆

𝐼𝑁𝑇 ,                              𝑖𝑓   𝑡 = 1

𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ (1 − 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶(𝑡 − 1))        𝑜𝑡𝑒𝑟𝑤𝑖𝑠𝑒 
  

𝑀𝐶𝐻
𝑒 (𝑡) ≥ 0, 1 ≤ 𝑡 ≤ 𝑇.                                                       (8) 

 

In 𝑡 interval, electric energy which is discharged from the BESS can be decided within the 

remaining electric energy in the BESS as shown in Eq. (9). 

 

𝑀𝐷𝐼𝑆𝐶𝐻
𝑒 (𝑡) ≤ {

𝑀𝐸𝑆𝑆
𝐼𝑁𝑇 ,                        𝑖𝑓   𝑡 = 1

𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶(𝑡)       𝑜𝑡𝑒𝑟𝑤𝑖𝑠𝑒 
   

𝑀𝐷𝐼𝑆𝐶𝐻
𝑒 (𝑡) ≥ 0, 1 ≤ 𝑡 ≤ 𝑇.                                                                     (9) 

 

In 𝑡 interval, electric energy which is discharged from the BESS can be decided within the 

remaining electric energy in the BESS as shown in Eq. (10) 

 

𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶 ≤ 𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶(𝑡) ≤ 𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶̅̅ ̅̅ ̅̅ ̅                                   (10) 

 

The SOC of BESS has to be calculated in all intervals considering the following piecewise 

function which depends on 𝑡 ≥1: 

 

𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶(𝑡) = 𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶(𝑡 − 1) + 𝑀𝐶𝐻
𝑒 (𝑡) ∙ (1 − 𝜏𝐶𝐻) − 𝑀𝐷𝐼𝑆𝐶𝐻

𝑒 (𝑡) ∙
1

1−𝜏𝐷𝐼𝑆𝐶𝐻
    

If 𝑡 = 1, the function is: 

𝑀𝐸𝑆𝑆
𝐶𝐴𝑃 ∙ 𝑀𝐸𝑆𝑆

𝑆𝑂𝐶(𝑡) = 𝑀𝐸𝑆𝑆
𝐼𝑁𝑇 + 𝑀𝐶𝐻

𝑒 (𝑡) ∙ (1 − 𝜏𝐶𝐻) − 𝑀𝐷𝐼𝑆𝐶𝐻
𝑒 (𝑡) ∙

1

1−𝜏𝐷𝐼𝑆𝐶𝐻
           (11) 

 

After optimization is completed, the selling amount of electric energy to the power grid in 

a building should be adjusted by deductiing the amount of electric energy consumed by the 

electric heater in the building as follows: 

 

𝑀𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡) ∶=  𝑀𝑆𝐸𝐿𝐿𝑙

𝑒 (𝑡) −  𝑀𝐶𝐻𝑃𝑙

𝑒→ℎ (𝑡)              (12) 
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4. Simulation 
 

4.1 Operation condition 

In this paper, we assume 24 intervals for optimal operation of the μENet. the data sheet of 

generation systems is shown in Table 1. The electric heaters (EHs) are considered in each 

building, and its capacity is 200kW. Loads are composed of a lumped electric load and a 

lumped heat load as shown in Figure 2. In order to increase the effect of cooperative 

operation for the μENet wich is composed of buildings having different electric and 

heat load patterns. 

 
Table 1. Data of energy sources 

Item CHP A CHP B CHP C HOB A HOB B HOB C 

Electricity production cost 

(won/kWh) 
77.78 81.71 71.11 - - - 

Heat production cost 

(won/kWh) 
62.22 74.28 93.88 160 170 165 

Min. production capacity 

(kWh) 
180 200 140 0 0 30 

Max. production capacity 

(kWh) 
450 500 350 200 250 200 

Heat and electric power 

ratio 
1.25 1.1 0.8 - - - 

 

 

 

 
(a) Elecric load. 
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(b) Elecric load. 

Figure 2. Electric and heat load 
 

Trading price of electric energy is real-time trading prices as shown in Figure 3, 

where the buying price is higher than the selling price like general market prices.  

 

 

Figure 3. Trading price of electric energy with power grid 
 

4.2 Results 

Table 2 shows the optimal scheduling result of the electric energy part. The building A 

having the lower electric production cost is fully operated. Especially, in interval 4, 5, and 6, 

building A produces the more electric energy than their electric demand for using the electric 

heater because of high heat demand. When the trading price is higher than the electric 

production cost, the building B is minimally operated. Building B receives the heat energy for 

the short energy from other buildings in interval 5-7. In other intervals 12 and 17-22, in order 

to meet the electric demand of building C, building B produces the more electric energy than 

its electric demand. 

In the case of the electric energy, it gains the profit by selling the surplus electric energy 

because it is conneted with the power grid (Intervals 1-5 and 13-16). However, the surplus 

electric energy can charge to the BESS during intervals having high electric demand and high 

trading price as shown in Figure 4 (Interval 14). 
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Figure 4. the state of charge (SOC) of ESS 
 

 
Table 2. Optimal scheduling of electric energy part 
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Table 3 shows the optimal scheduling result of the heat energy part. When the heat 

demand is higher than the suppy, HOBs are additionally operated. Especially, all HOBs are 

operated in interval having the highest heat demand (Interval 19-22). 

We can see that heat energy is also operated by the economic viewpoint based on heat 

production and trading prices. From the result of μENet operation, it is shown that the μENet 

is operated by the economic viewpoint based on the proposed operation model. 

 

Table 3. Optimal scheduling of heat energy part 

 
 

5. Conclusion 

In this paper, an optimal operation model for the centralized micro-energy network (μENet) 

managing the electric and heat energy of a group of buildins has been proposed. The 

mathematical model for the optimal operation has been established and has been tested 

suitably to show feasibility through the simulation.  

As a future work, we plan to add the mathematical model for the building energy 

management system (BEMS) to the proposed model. 
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