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OPTIMAL SCHEDULING OF INTEGRATED ENERGY 

SYSTEMS BASED ON MIXED INTEGER LINEAR 

PROGRAMMING WITH FLEXIBLE LOAD ACCOUNTING 

Shangxing YE1, Feifei XU2, Meixiu LIN3, Youting LI4,* 

Integrated energy systems can achieve optimal use of resources and improve 

the utilization rate of integrated energy resources, which is an important initiative to 

achieve energy saving and emission reduction. Taking into account the effects of 

different integrated energy equipment, electricity purchase prices, and natural gas 

prices, a mixed integer linear model for the optimal allocation and dispatching 

operation of integrated energy systems is established, and the dispatching operation 

of integrated energy systems on different typical days, taking into account the 

flexible load of electricity, is explored. The results show that the system tends to 

allocate more electrical equipment and reduce the capacity of heating and cooling 

equipment, while the total cost of allocation is reduced when the flexible load is 

taken into account. The deployment of flexible loads reduces dispatch costs, mainly 

in terms of annual investment costs, annual operating costs, and annual 

environmental costs. 

Keywords: flexible loads, integrated energy systems, optimal allocation, optimal 

dispatch 

1. Introduction 

With the increasing national emphasis on improving multi-energy supply, 

increasing the proportion of renewable energy [1], and improving integrated 

energy efficiency [2-4], integrated energy systems (IES) with multi-functional 

synergies have become one of the important directions for new energy systems [5-

7]. However, as an emerging project, integrated energy systems have a large 

amount of energy coupling within them [8-9]. The capacity ratios and dispatching 

situations between different forms of energy devices are complicated due to 

various factors such as feed-in tariffs and natural gas prices [10], and there are still 
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many problems in the practical application [11]. In addition, with the attention of  

all walks of life to the comprehensive energy system, the complexity and variety 

of load forms also pose further challenges to the research of the comprehensive 

energy system. Meanwhile there are few existing studies on the impact of 

electricity purchase prices and natural gas prices on the allocation of integrated 

energy systems, and few studies have analyzed the impact of different integrated 

energy equipment on optimal allocation. Therefore, in view of the above problems, 

it is necessary to carry out in-depth research on the dispatching operation of 

integrated energy system and explore the dispatching operation problems in 

different scenarios. 

Flexible load is a kind of load that can actively participate in the two-way 

interaction of power grid. In the integrated energy system, increasing flexible load 

can flexibly and variably participate in the operation control of power grid, thus 

reducing resource consumption and operation cost and improving the utilization 

rate of comprehensive energy. Therefore, this paper introduces flexible load and 

mixed integer linear programming model to analyze the influence of flexible load 

configuration on the dispatching cost of integrated energy system, and analyzes 

the dispatching operation of each equipment and flexible load in different typical 

days under the optimal configuration. 

In the actual scheduling operation of integrated energy systems, taking into 

account flexible loads can optimize load profiles, promote renewable energy 

consumption and reduce new installed capacity [12-13]. Studies were conducted 

for the optimal dispatching problem of integrated energy systems containing 

flexible loads [14-15], Bei Dong et al. (2018) and Chen Jiming et al. (2022) 

developed an analysis of the day-ahead dispatching problem of flexible loads [16-

17], Dongmei Zhao et al. (2019) and Shengchun Yang et al. (2014) did a 

modeling study on the multi-scale dispatching problem of flexible loads [18-19], 

and Jiang Yuechun et al. (2019) proposed integrated energy to optimal scheduling 

method that takes into account human comfort and flexible loads [20]. 

In summary, existing integrated energy dispatching problems mainly study 

system day-ahead dispatching and short-term multi-scale dispatching. Few studies 

have analyzed the dispatching operation problems under different typical days, 

while less research has been conducted on the participation of flexible loads in 

dispatching. Therefore, the innovation of this paper lies in the comprehensive 

comparation of unit output and flexible load dispatching under different typical 

days, the dispatching priorities under different conditions with the economy as the 

premise are analyzed, the scheduling of flexible load and integrated energy unit 

equipment for the optimal scheme are optimized. 
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2. Flexible load modeling 

A flexible load is a load that can actively participate in the two-way 

interaction of the grid. In an integrated energy system, the addition of a flexible 

load allows for flexible and variable participation in the operational control of the 

grid, thereby reducing resource consumption, operating costs, improving 

integrated energy utilization. Flexible loads mainly include shiftable loads, 

transferable loads, and reducible loads. 

(1) Shiftable loads 

, ,

shift shift shift

t k t k kP u L=                                                        (1) 
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where 
shift

kts   is the duration of the kth shiftable load, 
,

shift

t ku   denotes whether 

the kth shiftable load is dispatched to the 0-1 variable at time t, 
,

shift

k shts +
  and 

,

shift

k shts −
  are the upper and lower limits of the dispatched shift interval for the 

kth shiftable load, respectively, and 
shift

kL  and 
,

shift

t kP  are the rated power of the 

kth shiftable load and the power at time t after dispatch.  

,

shift shift
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k t
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where
shiftC  and shift

pC  are the total compensation cost and the unit compensation 

cost of the shiftable load, respectively. 

(2) Transferable loads 

The transferable load shall be such that the total power before and after the 

transfer is equal, as follows. 
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where  
,

trans

t kL  and  ,

trans

t kP  are the dispatch power and post-dispatch power of the kth 

transferable load at time t. 

In addition, the transferable load divert shall be subject to a power range 

constraint and a minimum duration constraint, as follows. 
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where  
,

trans

t ku is the 0-1 variable of whether the kth transferable load is dispatched 

to time t, min

transP  and max

transP are the minimum and maximum dispatch power of the 
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transferable load, 
,min

trans

kts  is the minimum runtime of the kth transferable load, and  

,

trans

k trt +
 and 

,

trans

k trt −
 are the upper and lower limits of the dispatch transfer interval of the 

kth transferable load, respectively. 

,

trans trans

trans p t k

k t

C C P=                                       (7) 

where transC  and trans

pC are the total compensation cost and the unit compensation 

cost of the transferable load. 

(3) Reducible loads 

Reducible loads are loading whose power can be partially reduced, as 

follows. 

(1 )cut cut cut cut

t t tP u L= −                                             (8) 

where 
cut

tP  is the power at time t of the reducible load after reduction, 
cut

tu  is the 

0-1 variable of whether the reducible load is reduced at time t, 
cut  is the load 

reduction factor, and 
cut

tL  is the pre-reduction power of the transferable load at 

time t. 

In addition, the reducible load needs to satisfy a minimum reducible time 

constraint and a maximum reducible time constraint, meaning the minimum and 

maximum time that can be continuously reducible over the entire dispatch cycle 

(T=24), as follows. 
min 1

min min( ) , 1, 1

cutt ts
cut cut cut cut cut

t t t

t

ts u u u T ts



+ −

=

 −   − +                           (9) 

max

max1 (1 ), 1,

cutt ts
cut cut

t

t

u t T ts


+

=

  −  −                                       (10) 

where max

cutts  and min

cutts  are the maximum and the minimum continuous reduction 

time of the reducible load, respectively. 
cut cut cut cut

cut p t t

t

C C u L=                                     (11) 

Where cutC  and cut

pC  are the total compensation cost and the unit compensation 

cost of the reducible load. 

3. Optimal allocation and scheduling of counted and flexible loads 

In this paper, the mixed integer linear programming method is used to 

optimize the configuration and dispatch operation of the integrated energy system, 

and the economy and environmental protection of the system operation 

considering the flexible load are considered, to make the optimal results more in 

line with the actual situation. The system optimization process is shown in Figure 
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1. In the early stage of the construction of the integrated energy system, the 

optimal allocation mainly considers the investment cost, operating cost, electricity 

transaction cost, gas purchase cost and environmental cost. After the actual 

operation, the investment cost is no longer considered in the scheduling problem, 

and the flexible load operation constraint and compensation cost target are 

increased. 
Start
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Fig. 1. the integrated energy system optimization process 

 

3.1 Target function 

The optimal configuration model of the integrated energy system is 

constructed by considering the economics of the integrated energy system on the 

customer side, with the minimum annual operating integrated economic cost of 

the integrated energy system as the optimization target. For the smoothing, 

transfer and reduction of flexible load, users need to be compensated, and the size 

of the compensation cost will affect the optimal configuration and operation of the 

equipment. Therefore, the integrated economic cost totalC  should not only includes 

the annual investment cost invC , annual operating cost opC , annual electricity 

transaction cost eleC , annual gas purchase cost gasC  and annual environmental 

cost envC , but also need to include the compensation cost comC  as follows.  
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min total inv op ele gas env comC C C C C C C= + + + + +                 (12) 

The individual costing methods are as follows. 

1) The annual investment cost is the investment construction cost of each 

integrated energy system equipment, including discrete equipment gas turbines 

(GT), gas boilers (GB) and continuous equipment photovoltaic (PV), heat pumps 

(HP), electric chillers (EC), absorption chillers (AC) and each energy storage 

equipment (ES), as follows. 
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where 
GT

invC , 
GB

invC , and 
dev

invC  are the total annual investment costs of discrete 

equipment GT, GB and continuous equipment dev respectively, 
GT

kn  and 
GB

kn  are 

the numbers of configurations of the kth GT and GB equipment respectively, 
GT

kP  

is the rated electrical power of the kth GT equipment, 
GT

k , 
GB

k , and 
dev  are the 

unit investment costs of the three types of equipment respectively, 
GT

ka , 
GB

ka , and 
deva  are the equal annual value factors of the three types of equipment 

respectively, 
GB

kQ  is the rated thermal power of the kth GB equipment and 
devc  is 

the rated power of the kth continuous equipment dev. 

The equivalent annual value factor for each item of equipment is 

calculated as follows. 
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where r is the annual interest rate, and L is the useful life of the equipment. 

2) The operating costs of each item of equipment are calculated as follows. 
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where GT

opC , GB

opC , and dev

opC  are the total annual operating costs of discrete 

equipment GT, GB, and continuous equipment dev respectively, 
GT

k , 
GB

k , and 
dev  are the unit O&M costs of the three types of equipment, d is the typical day 

type; d  is the total number of days in a typical day d, 
, ,

GT

k t dp , 
, ,

GB

k t dp , and 
,

dev

t dp  are 

the power output of the three types of equipment in period t under a typical day d. 

3) The cost of electricity trading is calculated as follows. 
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where dE , 
im

dE , and 
ex

dE  are the cost of electricity trading, the total cost of 

electricity purchased and the total revenue from electricity sales on a typical day 

d, 
,

im

d t , 
,

ex

d t , 
,

im

d tp  and 
,

ex

d tp  are the price of electricity purchased, the price of 

electricity sold, the amount of electricity purchased and the amount of electricity 

sold in period t on a typical day d, respectively. 

4) The cost of gas purchase is calculated as follows. 

,[ ( )]gas gas

gas d d d d t

d d t

C G f  = =                                              (17) 

where dG  is the transaction cost of natural gas on a typical day d, 
gas  is the unit 

calorific value price, 
,

gas

d tf  is the power purchased in period t on a typical day d. 

5) The environmental cost is measured through a carbon tax, which 

considers CO2 emissions in the form of both externally purchased and internally 

generated electricity for an integrated energy system, calculated as follows. 

, , ,( )im im GT GT

env d d t k d t

d t k

C Z p Z p = +                                      (18) 

where   is the carbon tax, 
imZ  is the carbon emission intensity of purchased 

electricity, and 
GTZ  is the carbon emission intensity of electricity generated by 

GT equipment within an integrated energy system. 

Considering that when the system is put into operation, all the equipment 

has already been configured and there is no need to consider the investment cost, 

therefore, only the annual operation and maintenance cost, annual electricity 

purchase and sale cost, annual gas purchase cost, annual environmental cost, and 

annual compensation cost are considered for the optimal scheduling of the 

integrated energy system as follows. 

min total op ele gas env comC C C C C C= + + + +                       (19) 

3.2 Constraints 

1) Electric power balance constraint 
When accounting for electrical flex loads, at any time under any typical day, the 

system shall satisfy the electrical power balance including the flex load as follows. 
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where 0

,d tP  is the fixed load power at time t on a typical day d. 

2) Thermal power balance constraint 
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3) Cold power balance constraint 
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4) Fuel power balance constraint 
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5) GT equipment operation constraints 

min, , ,
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6) GB equipment operation constraints 
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7) PV equipment operation constraints 
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8) HP equipment operation constraints 

On a typical winter day (d=1), the HP plant produces heat with the 

following operating constraints. 

,
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                                               (28) 

On a typical day in summer (d=2) and a typical day in the transitional 

season (d=3), the HP plant cools with the following operating constraints. 
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9) EC equipment operation constraints 
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10) AC equipment operation constraints 
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11) ES equipment operation constraints 
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min max
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k k k d t k kc E c                                (37) 
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k d t k kp v c                                            (39) 

12) Electric power exchange constraint 
,max

, , ,0 im ele im

d t d t d tp u p                                        (40) 
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, , ,0 )ex ele ex

d t d t d tp u p （1-                               (41) 

4. Calculated examples 

4.1 Flexible load parameters 

The parameters of the flexible loads are shown in Tables 1 to 3 for 

shiftable loads, transferable loads, and reducible loads in the winter, summer, and 

transition seasons, respectively. 
Table 1 

Shiftable load parameters. 

Type of load 
Typical 

day 

Start 

periods 

Scheduling 

periods 

Running 

time(h) 

Power 

rating(kW) 

Compensation 

cost(Dollar 

/kWh ) 
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Shiftable loads 

1 

d=1 20 [5,24] 3 400 0.007 

Shiftable loads 

2 

d=2 9 [5,24] 3 400 0.007 

Shiftable loads 

3 

d=3 11 [5,24] 3 300 0.007 

 

Table 2 

Transferable load parameters. 

Type of load Typical day Duration 
Power 

rating(kW) 

Min. transfer 

Power (kW) 

Max. transfer 

Power (kW) 

Compensation 

cost(Dollar 

/kWh ) 

Transferable 

loads 1 

d=1 16, 17, 

18 

[5,22] 800 50 0.012 

Transferable 

loads 2 

d=2 12, 13, 

14 

[5,22] 900 50 0.012 

Transferable 

loads 3 

d=3 8, 9, 10 [5,22] 600 80 0.012 

 

Table 3 

Reducible load parameters. 

Type of load Typical day 
Reduction 

factor 

Min. reduction 

time(h) 

Max. reduction 

time (h) 

Compensation 

cost(Dollar 

/kWh ) 

Reducible loads 

1 

d=1 0.7 2 5 0.044 

Reducible loads 

2 

d=2 0.6 2 5 0.044 

Reducible loads 

3 

d=3 0.5 2 5 0.044 

Figure 2 below shows the flexible load distribution under different typical 

days. 

 

Fig. 2. (a) typical day in summer; (b) typical day in winter; (c) typical day in the transitional 

season. 

4.2 Optimal configuration results 

Under the above conditions, the integrated energy plant is configured as a 

conventional supply plant + renewable supply plant (PV and HP) + energy storage 

plant (EES, TES, and CES) and the optimal configuration of the integrated energy 

system is calculated using mixed integer linear programming. The results are 

shown in Table 4. It can be seen that setting a flexible load for the same total load 

can lead to a reduction in the total annual cost. At this point, the annual 
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investment cost, annual operating cost, and annual environmental cost are all 

reduced, and the system can capture more revenue from electricity trading due to 

the nature of the flexible load; however, the system's demand for natural gas 

increases and the annual gas purchase cost rises. 
 

Table 4 

Integrated energy system configuration costs with flexible loads. 

With or 

without 

flexible load 

Annual 

investment 

cost 

(Dollar) 

Annual 

operating 

cost 

(Dollar) 

Annual 

electricity 

transaction cost 

(Dollar) 

Annual gas 

purchase 

cost 

(Dollar) 

Annual 

environmental 

cost 

(Dollar) 

The annual 

integrated 

economic 

cost(Dollar) 

Rate of 

cost 

reduction 

(Dollar) 
without 762161.76 230455.88  -59750.00 1146794.12  9264.71  -2088941.18  - 

with 498779.41 222544.12  -172764.71  1264691.18  8661.76  -1821926.47  12.78% 

 

In conjunction with the system configuration options in Table 5, the 

demand for thermal energy utilization equipment is reduced when taking into 

account the electric flex load, with the two gas turbines (GT) in the no flex load 

option being reduced to one, and the absorption chillers (AC) and thermal energy 

storage (TES) being similarly reduced, while the electrical energy equipment is 

increased accordingly, with the heat pump (HP) increasing from 588kW to 

1087kW, while the electrical energy storage is still heavily deployed when taking 

into account the electric flex load, despite its higher cost than other energy storage. 
 

Table 5 

Integrated energy system configuration capacity with flexible loads. 
With or without flexible 

load 
GT(kW) EC(kW) AC(kW) HP(kW) PV(kW) EES(kW) TES(kW) CES(kW) 

with 2420 732 1664 588 4707 571 2357 2152 

without 1210 786 823 1087 5000 2998 179 0 

 

4.3 Optimal scheduling results 

4.3.1 Unit operation scheduling situation 

Figures 3-5 below show the dispatch of equipment on a typical winter day, 

a typical summer day, and a typical day during the transition season. As there is 

no cold load on a typical winter day, only the dispatch of electrical and thermal 

equipment is analyzed.  

As can be seen from Figure 3(a), the system sells zero electricity on a 

typical winter day. During the "valley" hours, the system supplies electricity 

mainly through electricity purchases, with the largest amount of electricity 

purchased in time slot 7. Due to the low purchase price in the morning, the system 

charges the EES in hours 5, 6, and 7. Due to the higher purchase price and 

insufficient light intensity in hours 8 and 9, the PV is unable to generate sufficient 

power and the EES is discharged to supply the electricity in these hours. After 

time slot 10, the PVs increase their power generation and take on the main supply 
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task. In time slots 13, 14, and 16, there is sufficient power, and the system again 

stores energy through the EES. During hour 17, as the heat load demand gradually 

increases and the light intensity becomes progressively less, the system tends to 

use the GT to generate electricity to meet both the supply and the heat demand, 

and to store energy electrically during hour 17 to meet the electricity demand in 

the evening hours 19 and 21. During the evening hours, the system relies 

primarily on electricity purchased from the grid and GT generation. 

As can be seen from Figure 3(b), the dispatch of thermal energy equipment 

is strongly influenced by the power mix. Between periods 1 and 7, the GT output 

is low, and the thermal load is mainly supplied by HP, with thermal storage used 

to assist in supplying energy during periods 1, 2, and 3. In periods 8, 9, and 10, all 

heat is supplied by GT due to higher electricity purchase costs and increased HP 

operating costs. In the afternoon, the intensity of PV increases and the cost of 

electricity decreases, so HP resumes most of the heating duties. After 17.00 hours, 

the heating mix is again adjusted, when the gas turbines operate at full capacity 

and take on both the electrical and thermal energy supply, with the shortfall being 

made up by the heat pump HP and the thermal storage TES. On a typical winter 

day, the thermal energy storage TES stores energy mainly during the morning 

hours 5 to 10 and hour 17 to meet the heating demand throughout the day. 

 

Fig. 3. (a) dispatch operation of power plants; (b) dispatch operation of thermal energy plants. 

 

Under a typical summer day, the dispatch of electrical energy equipment is 

relatively similar for periods 1-6, with a GT power of approximately 400kW, in 

conjunction with a large number of system purchases to meet the electrical load 

demand. From period 7 onwards, the PV starts to generate electricity and the EES 

carries out the first energy storage of the day. In the period from time slot 8 to 

time slot 18, the system no longer purchases electricity due to higher electricity 

prices, and the PV and GT are mainly used to supply electricity. In time slots 8, 

11, 12, and 16, the EES discharge is flexibly regulated to avoid high electricity 

purchase costs. During periods 11 to 16, the system sells excess electricity online 

after meeting the needs of the EES, as the electricity supply is sufficient. During 

and after hour 19, the system relies on grid purchases and GT generation, but with 

an increased proportion of GT generation compared to the early morning hours, 
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and with EES discharge participating in the electricity supply during hours 19 and 

21. 

On a typical summer day, the heating mix is more homogeneous. As HP is 

no longer involved in heating and the system is not equipped with GB, the GT 

takes on the main heating task and the TES is supplemented by regulation. The 

TES is involved in charging and discharging energy several times, storing heat in 

periods 8, 11, 12, 16, 18, 19, 23, and 24 and discharging heat in periods 1, 2, 3, 10, 

13, 14, 20 and 21, with extremely flexible operation. 

As can be seen in Figure 4(c), the HP supply cooling power is more stable 

during a typical summer day, maintaining about half of the share due to its higher 

cooling efficiency. During periods 1 to 10, it is the EC that mainly takes care of 

the rest of the cooling supply. The cooling power of the AC is closely related to 

the heating power of the GT, which takes up a larger share of the heating in 

periods 11, 12, and 16 and periods 18 to 24, thus replacing the EC with the AC as 

the main cooling unit. 

 

Fig. 4. (a) dispatch operation of power plants; (b) dispatch operation of thermal energy plants; (c) 
dispatch operation of cold energy plants. 

Under a typical day of the transition season, the scheduling of electrical 

energy equipment can be divided into the early morning hours ( periods 1-5), the 

morning hours ( periods 6-7), the photovoltaic hours ( periods 8-18) and the 

evening hours ( periods 19-24), the characteristics of each period are similar to 

those of a typical summer day, but compared to a typical summer day, the typical 

day of the transition season is dominated by GT generation, as opposed to the 

morning hours, for the following reasons. The reason for this is that the thermal 

load power increases compared to a typical summer day and GT operation can 

meet both the thermal demand, especially in the early morning and late evening 

hours when the share of purchasing power is squeezed. 

The thermal energy supply on a typical day in the transitional season is 

also dominated by GT, with flexible scheduling of thermal energy storage, similar 

to a typical summer day. However, in the cold load dispatch, HP supplies a large 

proportion of the cold load, while EC and suction AC only have a small amount of 

output during some hours, mainly because of the heat demand of the system 

during the typical day of the transitional season make GT supply a larger 

proportion of the energy, and the cheap cost of electricity and high cooling 
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efficiency make HP the most important energy supply equipment, with a 

proportion of over 90% of the energy supplied throughout the day. 

 

Fig. 5. (a) dispatch operation of power plants; (b) dispatch operation of thermal energy plants; (c) 

dispatch operation of cold energy plants. 

 

4.3.2 Flexible loads dispatching situation 

Table 6 below shows the dispatch situation of the shiftable loads. On a 

typical winter day, shiftable load 1 originally running in the 20, 21, and 22 hours 

is scheduled to the 5, 6, and 7 hours, which, when combined with Figure 3(a), 

shows that the system increases power purchases to meet the demand for shiftable 

load, but at this time the purchase price of electricity is lower and shifting to this 

time can better control the purchase cost. Under typical days in the summer and 

transition seasons, the shiftable load operating in the morning hours is dispatched 

to the late afternoon hours of 13, 14, and 15, when PV generation is higher due to 

high light intensity and the fixed electrical load demand is not as high, allowing 

for better peak shaving and valley filling. 
 

Table 6 

Shiftable loads dispatch situation. 

Type of load Typical day 
Pre-dispatch 

periods 

Post-dispatch 

periods 

Power rating 

(kW) 

Compensation 

cost (Dollar) 

Shiftable loads 1 d=1 20 20, 21, 22 5, 6, 7 8.58 

Shiftable loads 2 d=2 9 9, 10, 11 13, 14, 15 8.58 

Shiftable loads 3 d=3 11 11, 12, 13 13, 14, 15 6.43 

Table 7 below shows the dispatch situation of the transferable loads. The 

dispatch situation of transferable loads is similar to that of shiftable loads on 

typical days in the winter and transitional seasons, with the post-dispatch periods 

mainly concentrated in the morning and late afternoon. On the other hand, on a 

typical day in summer, due to the large transferable load and the limitation of the 

upper limit of transferable load dispatch, two additional periods of 9 and 10 a.m. 

are added to the dispatch of transferable load in addition to the morning and 

afternoon periods, when the light intensity gradually increases and PV generation 

can be fully utilized and the load power distribution is more flexible. 
 

Table 7 

Transferable loads dispatch situation. 

Type of load Typical day 
Pre-dispatch 

periods 

Post-dispatch periods (Power 

rating/kW) 

Compensation cost 

(Dollar /kWh) 
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Transferable loads 

1 

d=1 16, 17, 18 5(200), 6(200), 7(200), 12(50), 

13(150) 

137.22 

Transferable loads 

2 

d=2 12, 13, 14 5(50), 6(50), 7(150), 9(50), 

10(150), 13 (150), 14 (150), 15 

(150) 

185.25 

Transferable loads 

3 

d=3 8, 9, 10 
13(200), 14(200), 15(200) 

149.23 

Table 8 shows the dispatch situation for reducible loads. It can be seen that 

the reducible load is curtailed in the majority of periods as the cost of supplying 

the reducible load is generally greater than its compensation cost. Only reducible 

load 1 is not curtailed in periods 6, 7, 13, and 19; reducible load 2 is not curtailed 

in periods 6, 12, 17, and 22; and reducible load 3 is not curtailed in periods 1, 7, 

13, 17 and 23. The supply of electricity is greater than the demand during these 

periods and can be balanced by the reducible load. Compare the above flexible 

load dispatch situation with the total load before dispatch, as shown in Figure 6. 
 

Table 8 

Reducible loads dispatch situation. 

Periods 
Reducible loads 1(kW) Reducible loads 2(kW) Reducible loads 3(kW) 

Before After 
Whether to 

reduce 
Before After 

Whether to 

reduce 
Before After 

Whether to 

reduce 

1 300 90 Yes 200 80 Yes 200 200 No 

2 300 90 Yes 200 80 Yes 200 100 Yes 

3 300 90 Yes 200 80 Yes 300 150 Yes 

4 300 90 Yes 200 80 Yes 300 150 Yes 

5 300 90 Yes 200 80 Yes 300 150 Yes 

6 100 100 No 100 100 No 300 150 Yes 

7 100 100 No 100 40 Yes 100 100 No 

8 100 30 Yes 100 40 Yes 100 50 Yes 

9 100 30 Yes 100 40 Yes 100 50 Yes 

10 100 30 Yes 100 40 Yes 100 50 Yes 

11 100 30 Yes 100 40 Yes 100 50 Yes 

12 100 30 Yes 100 100 No 100 50 Yes 

13 100 100 No 100 40 Yes 100 100 No 

14 200 60 Yes 200 80 Yes 200 100 Yes 

15 200 60 Yes 200 80 Yes 200 100 Yes 

16 200 60 Yes 200 80 Yes 200 100 Yes 

17 200 60 Yes 200 200 No 200 200 No 

18 200 60 Yes 200 80 Yes 200 100 Yes 

19 300 300 No 300 120 Yes 300 150 Yes 

20 300 90 Yes 300 120 Yes 300 150 Yes 

21 300 90 Yes 300 120 Yes 300 150 Yes 

22 300 90 Yes 200 200 No 200 100 Yes 

23 300 90 Yes 200 80 Yes 200 200 No 

24 300 90 Yes 200 80 Yes 200 100 Yes 
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Fig. 6. (a) typical day in winter; (b) typical day in summer; (c) typical day in the transitional 

season. 

4.3.3 System dispatch costs 

As shown in Table 9, setting some of the fixed loads as flexible loads can 

reduce the total annual cost for the same electrical, thermal and cooling load 

power. In this example, adding flexible loads can effectively reduce electricity 

transaction costs and environmental costs. 
 

Table 9 

Integrated energy system dispatch costs with flexible loads. 

With or 

without 

flexible 

load 

Annual 

operating 

cost 

(Dollar) 

Annual 

electricity 

transaction 

cost(Dollar) 

Annual gas 

purchase 

cost(Dollar) 

Annual 

environmental 

cost 

(Dollar) 

Annual 

compensation 

cost 

(Dollar)  

Annual 

dispatch 

cost 

(Dollar) 

Rate of 

cost 

reduction 

without 199294.1 319147.1 782235.3 12117.6 - 1312794.1 - 

with 199926.5 264661.8 788955.9 11264.7 44573.5 1309397.1 0.26% 

5. Conclusions 

In this paper, the optimal dispatching of flexible loads for electricity is 

studied, the optimal allocation of the system with the economy in mind is 

calculated using mixed integer linear programming, and the optimal dispatching 

of flexible loads and integrated energy unit equipment is carried out for the 

optimal solution, with the following conclusions. 

1) The setting of flexible loads can reduce the total cost of integrated 

energy system configuration. Due to the adjustable characteristics of the flexible 

load, the system can obtain more revenue from electricity trading, and the annual 

investment cost, annual operation cost, and annual environmental cost are all 

reduced. It is worth noting that at this time the system has increased demand for 

natural gas. 

2) On a typical winter day, shiftable load and transferable load are mainly 

dispatched in the morning hours, when the purchase price is lower and the 

purchase cost can be better controlled; on a typical summer and transition season 

day, the shiftable load is dispatched to the late afternoon hours, when PV 

generation is more available and the cost of energy is cheaper; the reducible load 

is reduced for most of the time on different typical days. 
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3) The deployment of flexible loads can reduce the dispatch costs of the 

system, mainly in terms of the reduction of electricity transaction costs and 

environmental costs. 
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