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ABSTRACT 

The operation of community integrated energy systems 

(CIESs) is challenging because it is necessary to satisfy 

multiple energy demands with considering multiple links 

including energy production, storage and consumption. 

This paper formulates the optimal scheduling strategy of a 

real CIES in China based on detailed modelling of kinds 

of chillers and thermal storage devices. The flexibility 

effect of storage devices is fully utilized in the scheduling 

strategy and the impact of the tie-line power to the 

distribution network is reduced by adding the peak-valley 

difference penalty to the objective function. Case studies 

are conducted based on the data for a typical day in 

summer. The results show the proposed strategy can 

realize an economic and reliable operation by 

coordinating various energy devices. And the tie-line 

power is well smoothing with a lower ratio of the peak-

valley values. 

INTRODUCTION 

With increasing environmental pressures and renewable 
energy technology development, many countries are 
attempting to adjust their energy structures to reduce 
dependence on traditional fossil energy [1]. Community 
integrated energy system (CIES) is a potential option for 
future energy system development [2]. CIES integrates 
different energy forms such as gas, heating, electricity and 
so on, and the energy production, conversion and 
consumption on consumer side are tightly coupled [3]. A 
reasonable and effective scheduling strategy is critical for 
the operation of overall system with high efficiency. 
The operation scheduling of the CIES faces significant 

challenges. Firstly, the system has a variety of energy 

demands, energy supply devices, and operation modes. 

Different energy systems are highly coupled with each 

other through the demands, supplies and storages [4]. 

Secondly, various types of storage devices increase the 

difficulty of coordinating various devices, especially under 

the market mechanism with a time of use (TOU) tariff [5, 

6]. Moreover, the fluctuations of tie-line power in the 

CIES influence the reliability and quality of distribution 

network (DN), and distribution system operators (DSO) 

usually propose requirements on the value of peak-valley 

difference of the tie-line power. Therefore, the negative 

impact of the CIES on DN should be well reduced by an 

effective method [7]. 

In this paper, detailed operation models of multiple energy 

supply and storage devices are established. Then, with the 

goal of minimizing the operation cost, start-up penalty of 

units and the peak-valley difference penalty of tie-line 

power, a day-ahead scheduling model for the CIES is 

proposed with considering multiple storage devices and 

the practical unit commitment. The effects of multiple 

energy storage devices on the operation flexibility are 

evaluated by the coordination of energy supply and storage 

devices. Additionally, the tie-line power is well smoothed 

for less power fluctuation on distribution network. 

OPTIMAL OPERATION MODEL OF THE 

CIES 

In this paper, we select a CIES at North Customer Service 

Centre of State Grid (Tianjin) as a case study and the 

cooling period are chosen for analysis. For this period, the 

electricity demand is met by the external grid and 

photovoltaic (PV) system with 823 kW capacity, and 

central energy station (CES) provides chilled water for 

space cooling of the buildings through cooling pipelines. 

The CES consists of three ground source heat pumps (HPs), 

two water tanks (ITs), two conventional water-cooled 

chillers (WCs) and one ice-storage system (IS) which 

contains two double-duty chillers (DCs) and one ice-

storage tank (IT). 

The goal of the operation model is to formulate the day-

ahead scheduling plan (23:00-22:00 next day) based on the 

forecasting values of electricity/cooling demands and the 

PV system’s output with minimizing the overall operation 

cost. The day-ahead scheduling plan for multi-hour 

contains the ON/OFF states, operation modes, and supply 

power of each chiller, and the operation modes and output 

power of the thermal storage devices. The plan is then 

assigned to each subsystem to coordinate the operation of 

various energy supply/storage devices. 

Problem formulation 

The optimization objective is to minimize the overall 

operation cost, the start-up penalty of each cooling unit, 

and the peak-valley difference penalty of the purchasing 

power in a scheduling cycle, as shown in Eq. (1). The 
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purpose of considering the difference penalty in the 

objective is to smooth the tie-line power for reducing 

power fluctuation to the distribution network. 

 min 𝐹 = ∑ 𝐶𝑡
P𝑃𝑡

TL + ∑ ∑ ∑ 𝑈𝑡,𝑗
𝑖 (1 −

𝑁𝑇
𝑡=2𝑗∈Ω𝑖𝑖∈S

𝑁𝑇
𝑡=1

𝑈𝑡−1,𝑗
𝑖 )𝐸𝑖 + (𝑃TL,MAX − 𝑃TL,MIN)𝐸TL (1) 

 𝑃TL,MAX ≥ 𝑃𝑡
TL (2) 

 𝑃TL,MIN ≤ 𝑃𝑡
TL (3) 

Where 𝐶𝑡
P denotes the purchase price of electricity at time 

t; 𝑃𝑡
TL denotes the tie-line power (purchasing power from 

the external grid) at time t; 𝑃TL,MAX  and 𝑃TL,MIN  denote 

the maximum and minimum value of the purchasing power 

in a scheduling cycle; 𝐸TL  denotes the peak-valley 

difference penalty of the tie-line power; 𝐸𝑖  denotes the 

start-up penalty of different types of units; S is {HP, WC, 

DC}; and 𝑁𝑇  represents the total intervals of a scheduling 

period; 𝑈𝑡,𝑗
HP, 𝑈𝑡,𝑗

WC and 𝑈𝑡,𝑗
DC are the ON/OFF state of the jth 

HP, WC and DC at time t; ΩHP, ΩWC and ΩDC are the sets 

of HP, WC and DC units. 

Modelling of the CES 

The constraints on HP subsystem are shown as follows: 

 𝑄𝑡,𝑖
HP,C ∑ 𝑈𝑡,𝑗

HP,C𝑁HP

𝑗=1 = 𝑈𝑡,𝑖
HP,S ∑ 𝑄𝑡,𝑗

HP,C𝑁HP

𝑗=1 , ∀𝑖 ∈ ΩHP (4) 

 𝑄𝑡,𝑖
HP,S ∑ 𝑈𝑡,𝑗

HP,S𝑁HP

𝑗=1 = 𝑈𝑡,𝑖
HP,S ∑ 𝑄𝑡,𝑗

HP,S𝑁HP

𝑗=1 , ∀𝑖 ∈ ΩHP (5) 

 𝑈𝑡,𝑖
HP,C𝑄𝑖

HP ≤ 𝑄𝑡,𝑖
HP,C ≤ 𝑈𝑡,𝑖

HP,C𝑄
𝑖

HP
, ∀𝑖 ∈ ΩHP (6) 

 𝑈𝑡,𝑖
HP,S𝑄𝑖

HP ≤ 𝑄𝑡,𝑖
HP,S ≤ 𝑈𝑡,𝑖

HP,S𝑄
𝑖

HP
, ∀𝑖 ∈ ΩHP (7) 

 𝑈𝑡,1
HP,C + 𝑈𝑡,1

HP,S ≤ 1 (8) 

 𝑈𝑡,𝑖
HP,C ≥ 𝑈𝑡,𝑖+1

HP,C, ∀𝑖 = 1, 2, ⋯ , 𝑁HP − 1 (9) 

 𝑈𝑡,𝑖
HP,S ≥ 𝑈𝑡,𝑖+1

HP,S , ∀𝑖 = 1, 2, ⋯ , 𝑁HP − 1 (10) 

 𝑊𝑡
WT = (1 − 𝜀WT)𝑊𝑡−1

WT + ∑ 𝑄𝑡,𝑖
HP,S𝑁HP

𝑖=1 ∆𝑡 − 𝑄𝑡
WT∆ 𝑡  

  (11) 

 0 ≤ 𝑊𝑡
WT ≤ 𝑁WT𝑊

WT
 (12) 

 𝑈𝑡
WT + 𝑈𝑡,1

HP,S ≤ 1 (13) 

 𝑈𝑡
WT + 𝑈𝑡,1

HP,C ≤ 1 (14) 

 𝑃𝑡
HP = ∑ [

(𝑄𝑡,𝑖
HP,C + 𝑄𝑡,𝑖

HP,S) COP𝑖
HP⁄ +

𝑈𝑡,𝑖
HP,C𝑃HP,C,AD + 𝑈𝑡,𝑖

HP,S𝑃HP,S,AD
] +𝑁HP

𝑖=1 𝑃𝑡
WT,AD

  

  (15) 

Where 𝑄𝑡,𝑖
HP,C

 and 𝑄𝑡,𝑖
HP,S

 are the cooling and cooling-

storage power of the ith HP at time t; 𝑈𝑡,𝑖
HP,C

 and 𝑈𝑡,𝑖
HP,S

 are 

cooling and cooling-storage mode of the ith HP at time t; 

𝑄𝑖
HP and 𝑄𝑖

HP
 are the lower and upper power limit; 𝑊𝑡

WT 

and 𝑊
WT

 are the cooling energy stored and energy limit in 

the WTs; 𝜀WTis the heat loss rate of the WT; 𝑄𝑡
WT is the 

cooling power of the WTs; ∆𝑡  is the schedule interval; 

𝑈𝑡
WT is the cooling state of the WTs; 𝑁HP is the number of 

HPs; COP𝑖
HP is the coefficient of performance (COP) the 

ith HP; 𝑃𝑡
HP  is the consumed power of the HP units; 

𝑃HP,C,AD/𝑃HP,S,AD and 𝑃𝑡
WT,AD

 are  the consumed power of 

auxiliary equipment of HP in cooling/cooling-storage 

mode and WTs in cooling mode. 

The constraints on the WC subsystem are shown as 

follows: 

 𝑈𝑡,𝑖
WC𝑄𝑖

WC ≤ 𝑄𝑡,𝑖
WC ≤ 𝑈𝑡,𝑖

WC𝑄
𝑖

WC
, ∀𝑖 ∈ ΩWC (16) 

 𝑄𝑡,𝑖
WC ∑ 𝑈𝑡,𝑗

WC𝑁WC

𝑗=1 = 𝑈𝑡,𝑖
WC ∑ 𝑄𝑡,𝑗

WC𝑁WC

𝑗=1 , ∀𝑖 ∈ ΩWC (17) 

 𝑈𝑡,𝑖
WC ≥ 𝑈𝑡,𝑖+1

WC , ∀𝑖 = 1, 2, ⋯ , 𝑁WC − 1 (18) 

 𝑃𝑡
WC = ∑ [𝑄𝑡,𝑖

WC COP𝑖
WC⁄ + 𝑈𝑡,𝑖

WC𝑃WC,AD]𝑁WC

𝑖=1  (19) 
Where 𝑄𝑡,𝑖

WC is the cooling power of the ith WC at time t; 

𝑄𝑖
WC and 𝑄𝑖

WC
 are the lower and upper power limit of the 

WC; 𝑁WC is the number of WCs; COP𝑖
WC is the coefficient 

of performance (COP) the ith WC;𝑃𝑡
WC is the consumed 

power of the HP units; 𝑃WC,AD is the consumed power of 

auxiliary equipment in WC. 

The constraints on the IS subsystem are shown as follows: 

 ∑ 𝑄𝑡,𝑖
DC,C𝑁DC

𝑖=1 + 𝑄𝑡
IT = 𝑄𝑡

IS (20) 

 𝑄𝑡,𝑖
DC,C ∑ 𝑈𝑡,𝑗

DC,C𝑁DC

𝑗=1 = 𝑈𝑡,𝑖
DC,C ∑ 𝑄𝑡,𝑗

DC,C𝑁DC

𝑗=1 , ∀𝑖 ∈ ΩDC(21) 

 𝑄𝑡,𝑖
DC,I ∑ 𝑈𝑡,𝑗

DC,I𝑁DC

𝑗=1 = 𝑈𝑡,𝑖
DC,I ∑ 𝑄𝑡,𝑗

DC,I,𝑁DC

𝑗=1 ∀𝑖 ∈ ΩDC (22) 

 𝑈𝑡,𝑖
DC,C𝑄𝑖

DC,C ≤ 𝑄𝑡,𝑖
DC,C ≤ 𝑈𝑡,𝑖

DC,C𝑄𝑖

DC,C
, ∀𝑖 ∈ ΩDC  (23) 

 𝑈𝑡,𝑖
DC,I𝑄𝑖

DC,I ≤ 𝑄𝑡,𝑖
DC,I ≤ 𝑈𝑡,𝑖

DC,I𝑄𝑖

DC,I
, ∀𝑖 ∈ ΩDC (24) 

 𝑈𝑡,1
DC,C + 𝑈𝑡,1

DC,I ≤ 1 (25) 

 𝑈𝑡,𝑖
DC,C ≥ 𝑈𝑡,𝑖+1

DC,C  , ∀𝑖 = 1,2, ⋯ , 𝑁DC − 1 (26) 

 𝑈𝑡,𝑖
DC,I ≥ 𝑈𝑡,𝑖+1

DC,I  , ∀𝑖 = 1,2, ⋯ , 𝑁DC − 1 (27) 

 𝑊𝑡
IT = (1 − 𝜀IT)𝑊𝑡−1

IT + ∑ 𝑄𝑡,𝑖
DC,I𝑁DC

𝑖=1 ∆𝑡 − 𝑄𝑡
IT∆𝑡 (28) 

 0 ≤ 𝑊𝑡
IT ≤ 𝑊

IT
 (29) 

 0 ≤ 𝑄𝑡
IT ≤ (1 − 𝑈𝑡,1

DC,I)𝑄
IT

 (30) 

 𝑃𝑡
IS = ∑ [

𝑄𝑡,𝑖
DC,C COP𝑖

DC,C⁄ + 𝑄𝑡,𝑖
DC,I COP𝑖

DC,I⁄ +

𝑈𝑡,𝑖
DC,C𝑃DC,C,AD + 𝑈𝑡,𝑖

DC,I𝑃DC,I,AD
]𝑁DC

𝑖=1 (31) 

Where 𝑄𝑡,𝑖
DC,C

 and 𝑄𝑡,𝑖
DC,I

 are the cooling and ice-making 

power of the ith DC at time t; 𝑈𝑡,𝑖
DC,C

 and 𝑈𝑡,𝑖
DC,I

 are the 

cooling and ice-making mode of ith DC at time t; 𝑄𝑡
IS is 

the cooling power of IS at time t; 𝑄𝑖
DC,C

 and 𝑄
𝑖

DC,C
 are the 

lower and upper cooling power limit of the DC; 𝑊𝑡
IT and  

𝑄𝑡
IT are the energy stored and cooling power of the IT at 

time t; 𝑊
IT

is the upper limit of the energy stored in the IT; 

𝜀IT is the heat loss rate of the IT; 𝑄
IT

 is the maximum 

cooling power of the IT; 𝑁DC  is the number of DCs; 

COP𝑖
DC,C

 and COP𝑖
DC,I

 are the COPs of the ith DC in 

cooling mode and ice-making mode; 𝑃𝑡
IS is the consumed 

power of the IS; 𝑃DC,C,AD and 𝑃DC,I,AD are the consumed 

power of auxiliary equipment of DC when in cooling and 

ice-making mode, respectively. 

Power balance 

The cooling balance of CES and the electricity balance of 

the system are described as follows: 

 ∑ 𝑄𝑡,𝑖
HP𝑁HP

𝑖=1 + ∑ 𝑄𝑡,𝑖
WC𝑁WC

𝑖=1 + 𝑄𝑡
IS = 𝐿𝑡

C (32) 

 𝑃𝑡
TL + 𝑃𝑡

PV = 𝐿𝑡
E + 𝑃𝑡

HP + 𝑃𝑡
WC + 𝑃𝑡

IS (33) 

 𝑃𝑡
TL ≤ 𝑃𝑡

TL,max
 (34) 

Where 𝐿𝑡
E  is the electricity demand except for the 
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electricity needed in the CES at time t, 𝐿𝑡
C is the cooling 

demand of the CIES at time t, and 𝑃𝑡
PV is the power output 

of the PV system at time t. The purchasing power 𝑃𝑡
TL 

should not exceed the maximum allowed power of the tie-

line 𝑃TL,max. 

LINEARIZATION OF THE OPTIMIZATION 

MODEL 

In the above optimization model, Eqs. (4)-(5), (17) and 

(21)-(22) contain product terms of a binary variable and a 

continuous variable, and the objective function (1) 

contains the product terms of two binary variables when 

expanded. To reduce the solving difficulty, we linearize 

the nonlinear terms by the method in [8]. After 

linearization, the original problem can be transformed into 

a mixed-integer linear programming (MILP) problem. 

This MILP model is solved by using the OPTI 

optimization toolbox for linking ILOG’s CPLEX 12.8 

solver. 

CASE STUDY 

This section applies the proposed method to a typical day 

in the cooling period. The scheduling period is from 23:00 

to 22:00 of next day, and the scheduling interval is one 

hour. The energy supply structure of the CIES is shown in 

Fig. 1, and the detailed equipment parameters and energy 

supply conditions of CES can be found in [8]. The start-up 

penalties of the HP, WC and DC units are set as 40.0 RMB, 

120.0 RMB and 120.0 RMB per time, respectively. The 

peak-valley difference penalty of the tie-line power is set 

as 5 RMB/kW. 

Conventional water-cooled 

chiller 1

Conventional water-cooled 

chiller 2

Double-duty chiller 2

Ice-storage 

tank

Ground source heat pump 1

Ground source heat pump 2

Ground source heat pump 3

Cold water tanks

P
H

E

Water pump

Ethylene glycol pump

Chilled water

Ethylene glycol 

Cooling water

PV

External 

grid

Elctricity

Electricity

Cooling

PHE Plate heat exchanger

Central energy station

P
H

E

 

 

 

 

water 

distributor

Double-duty chiller 1

HP 

subsystem

Ice-storage

 subsystem

WC 

subsystem

 
Fig. 1 Structure of the CES 

Table 1 shows the time of use (TOU) tariff of the relevant 

region. The TOU tariff presents the “peak-valley-flat” 

characteristics and the first 8 intervals are in the valley 

period of the electricity price. And the forecasting curves 

of cooling demand, electricity demand and PV output 

power in the typical cooling day are shown in Fig. 2. 

Table 1 TOU tariff of the CIES 

Category Period 
Electricity price 

/(RMB/kWh) 

Peak 8:00-11:00, 18:00-23:00 1.35 

Valley 00:00-7:00, 23:00-00:00 0.47 

Flat 7:00-8:00, 11:00-18:00 0.89 

 
Fig. 2 Forecasting curves of demands and PV power 

Optimal scheduling without the difference penalty 

of tie-line power 

Fig. 3 shows the cooling power allocation among multiple 

equipment. In the valley period, the cooling demand is 

mainly supplied by the conventional water-cooled chillers 

(ground source heat pumps and double-duty chillers are in 

cooling-storage/ice-making mode). In the non-valley 

period, the cold water tanks, ice-storage tank and 

conventional water-cooled chillers are the main cooling 

suppliers. The double-duty chillers and ground source heat 

pumps serve as the complementary suppliers. Throughout 

the whole period, the electricity demand of the CIES is 

satisfied by the PV and the external grid. When the PV 

output is fully absorbed, the insufficient electricity demand 

will be balanced by the external grid. 

 
Fig. 3 Cooling power allocation of CES 

Fig. 4 and Fig. 5 show the curves of the cooling energy 

stored in the cold water tanks and ice-storage tank 

respectively. The ground source heat pumps and double-

duty chillers are in the cooling-storage/ice-making mode 

most of the valley period. During this period, the energy 

stored in the cooling storage devices increases gradually. 

In the non-valley period, the energy stored in storage 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°   1394 

 
 

CIRED 2019  4/5 

devices is discharged completely to meet the cooling 

demand. 

 
Fig. 4 The stored cooling energy in the cold water tanks 

 
Fig. 5 The stored cooling energy in the ice-storage tank 

The studied CIES contains multiple types of chillers and 

cooling storage devices and the configurations of these 

devices can affect the operation economy of the CIES. The 

operation results of different system configurations are 

shown in Table 2. We can see that the introduction of 

cooling storage devices can significantly decrease the 

operation cost by means of “valley to charge and non-

valley to discharge” and that the scheduling strategy can 

coordinate the complementary operation of multiple 

energy suppliers and storage devices effectively for a 

better economy performance. 

Table 2 Comparison of the different system configuration 

scenarios 

Scenarios HP WT WC DC IT 
Cost 

/RMB 

1 √ — √ — — 77302.0 

2 √ √ √ — — 75683.0 

3 √ — √ √ √ 73269.0 

4 √ √ — √ √ 82192.0 

5 √ √ √ √ √ 71521.0 

Optimal scheduling considering the influence of 

tie-line power penalty 

Fig. 6 shows the cooling power allocation among multiple 

equipment when considering the difference penalty of tie-

line power. Incorporating Fig. 3, it can be seen that the 

“valley to charge and non-valley to discharge” behaviors 

of the thermal devices are not always kept when the 

difference penalty is added for a less difference between 

the maximum and minimum values of the tie-line power. 

In addition, the power and operation intervals of multiple 

devices are adjusted simultaneously to decrease the 

mismatch of the tie-line peak-valley values under the 

premise of fully meeting various demands. 

 
Fig. 6 Power allocation with the tie-line power penalty  

The tie-line powers with/without the difference penalty are 

depicted in Fig. 7. It is obvious that the tie-line power is 

well smoothed with no huge change between adjacent 

intervals by the consideration of difference penalty. Table 

3 shows the results with/without the difference penalty of 

tie-line power. It is shown that the difference of the 

maximum and minimum values of the tie-line power 

decreases form 3873.7 to 411.9 kW and the ratio of peak 

and valley value changes from 2.90 to 1.12 after 

considering the difference penalty. The optimization 

strategy can decrease the peak-valley difference 

significantly, thus a more smooth purchase power can be 

got with less negative impact on the distribution network. 

Simultaneously, the operation cost increases for the trade-

off between the economy and the difference penalty. 

 
Fig. 7 Tie-line power with/without difference penalty 

Table 3 Results with/without the difference penalty of tie-line 

power 

Scenarios 
Penalty/ 

RMB/kW 

Difference 

value/kW 

Ratio of 

valley-peak 

values 

Cost 

/RMB 

1 0 3873.7 2.90 71521.0 

2 5 411.9 1.12 76730.8 

In order to analyse the influence of thermal storage devices 

on the smooth effect, Table 4 shows the results of different 

storage device configurations. When thermal storage 

devices are existing (Scenarios 1-3), the difference and 

ratio of valley-peak values are lower than Scenario 4. Due 

javascript:;
javascript:;
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to the energy transfer effect of thermal storage devices 

among different periods, a more smooth purchasing power 

in a scheduling cycle can be achieved by charging in the 

demand valley period and discharging in the demand peak 

period. It is needed to point that the thermal storage 

devices have the potentials to realize both economy 

scheduling and tie-line smoothing, it has to trade-off 

between the operation cost and the difference penalty for 

minimizing the objective function. Thus, the objective 

function value decreases with no huge difference in tie-line 

smoothing effect when comparing the results between 

Scenario 1 and Scenario 2/Scenario 3. 

Table 4 Results with/without thermal storage devices 

Scenarios WT IT 
Difference 

value/kW 

Ratio of peak- 

valley values 

Cost 

/RMB 

1 √ √ 411.9 1.12 76730.8 

2 √ — 419.3 1.12 76751.9 

3 — √ 368.8 1.11 77487.4 

4 — — 715.8 1.22 77869.0 

The difference penalty of peak-valley values of tie-line 

power has great effect on the smoothing effect. Table 5 

depicts the results of different tie-line power penalties. 

With the increase of the difference penalty, the difference 

and the ratio of the valley-peak values decreases rapidly, 

with the operation cost inreasing. As shown in Fig. 8, a 

more penalty corresponds to a better smoothing effect and 

a poorer economy. In practical operation, a reasonable 

penalty value should be chosen for a well balance between 

the smoothing effect and economy with considering the 

requirements of the DSO. 

Table 5 Results of different tie-line power penalties 

Scenarios 
Penalty/ 

RMB/kW 

Difference 

value/kW 

Ratio of peak- 

valley values 

Cost 

/RMB 

1 0 3873.7 2.90 71521.0 

2 2 734.8 1.23 76020.5 

3 5 411.9 1.12 76730.8 

4 10 76.8 1.02 79318.7 

 
Fig. 8 Curves of the operation cost and peak-valley difference 

CONCLUSION 

This paper investigates a real community integrated 

energy system in China that includes multiple energy 

devices, multiple energy demands and multiple energy 

conversion links. A day-head scheduling strategy is 

established to schedule the operation of different devices 

in the system, with considering the flexibility of storage 

devices and the impact on distribution network. 

The proposed strategy can improve the economy of the 

CIES effectively by coordinating the complementary 

operation of multiple energy supply and storage devices, 

with thermal storage devices to charge in the valley period 

and discharge in the non-valley period. After considering 

the difference penalty of the tie-line power, the purchasing 

power can be well smoothed with a lower difference and 

ratio of the peak-valley values, achieving less power 

fluctuation to the distribution network. The value of tie-

line power penalty has great influence on the smoothing 

effect and should be well determined with considering the 

profits of the CIES and the DSO in the future work. 
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