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Abstract. The integrated energy system (IES) is an effective way to achieve the “carbon
neutrality and emission peak” goal. In order to further explore the role of the adjustable potential of
demand side on carbon emission reduction, an optimized operation model of IES considering
the demand response under the carbon trading mechanism is proposed. Firstly, according to
the characteristics of load response, the demand response is divided into two types: price-type and
substitution-type. The price-type demand response model is established on the basis of price elasticity
matrix, and the substitution-type demand response model is constructed by considering
the conversion of electricity and heat. Secondly, base-line method is used to allocate free carbon
emission quota for the system and considering the actual carbon emissions of gas turbine and gas
boiler, a carbon trading mechanism for the IES is constructed. Finally, a low-carbon optimal operation
model of IES is established, whose objective is to minimize the sum cost of energy purchase, cost of
carbon transaction and cost of IES operation and maintenance. The effectiveness of the proposed
model is verified through four typical scenarios. By analyzing the sensitivity of demand response,
heat distribution ratio of gas turbine and the operating state of the system under different carbon
trading prices, it is found that reasonable allocation of price-type and substitution-type demand
response and heat production ratio of gas turbine is beneficial to improve the operating economy of
the system. Making reasonable carbon trading price can realize the coordination of system economy
and low carbon.

Annomayus. VIHTerpupoBaHHast HEpreTuyeckas cucrtema sipisiercst 3ppeKTuBHbIM cr1ocooom
JOCTHKEHMS LIEIH «JIBOMHOTO yriiepoaay. Juis qaapHEeNIero n3y4eHus BIUsSHUS €€ peryIupyeMoro
MOTEHIIMaja CO CTOPOHBI CIIpOca Ha COKpalleHHe BBIOPOCOB ymiiepojga Oblna pa3paboraHa
ONITUMHU3UPOBAHHAS MOJIENTb PA0OTHI MHTETPUPOBAHHON SHEPreTHUECKOM CUCTEMBI C yYETOM peakLuu
Ha CIIPpOC B paMKax MeXaHW3Ma TOPToBIM BBIOpocaMu yriepoja. Bo-mepBbix, B COOTBETCTBUU C
XapaKTEepUCTUKaMHU PEaKIMM Ha Harpy3Ky, peakuus CIpoca JAEIUTCS Ha JBa TUIIA: TUI LEHbl U
aJbTEPHATUBHBIN TUIl, U, COOTBETCTBEHHO, YCTAHABIIMBACTCS MOJEIb PEAKIMH CIpoca IIEHOBOTO
THIIA HA OCHOBE MATPHIbI [IEHOBOW 3JaCTUYHOCTH W MOJEINb PEAKIMU aJIbTEPHATUBHOIO CIIpPOCa C
YU4ETOM B3aUMHOIO TpeoOpa3oBaHMs DIJIEKTPUUECKOW SHEPrMM U TEIUIOBOM HHEPrUu B
SHEpPreTHUEeCKOM ceKkTope. Bo-BTOpbIX, Hcmonb30BaTh 0a30BBIA  MeTO[ JUId  OECIIaTHOTO
pacnpezeneHusi KBOT Ha BbIOPOCHI yIieposa AJis CUCTEMbl U YUUTHIBaTh (PaKTHUECKHE BBIOPOCHI
yIepoia ra3oBbIX TypOMH M Ta30BbIX KOTJIOB JUISl CO3JaHMSI MEXaHHW3Ma TOProBIM BBIOpOCaMH
yoiepoAa JJii UHTETPUPOBAHHOW HHEPreTUYECKOW CUCTEMBI; NPUHHMAs MHHHMAJIBHYI CyMMY
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CTOMMOCTH pa3MepoB B KadyecTBe LeJeBOM (yHKIUHU, YCTaHABIMBAETCA HU3KOYIVIEpOIHAS
ONTHMHU3ALMOHHAS  MOJeNlb  pabOThl  HWHTEIPUPOBAHHOM  SHEPreTUYECKOM  CUCTEMbI, U
000CHOBAaHHOCTb IMPEUIOKECHHON MOJIENIN TIPOBEPSIETCS C MOMOIIBIO YETHIPEX TUIUYHBIX CIICHAPHEB.
[Tyrem aHamm3a 4yBCTBUTEILHOCTH PEAKIMH CIIPOCa, KO3(D(UIIMEHTA pacTIpeieIeHus TEMIa Fra30BbIX
TypOUH U pabovero COCTOSHUSI CUCTEMbI IPU Pa3IMYHbIX TOPTOBBIX I[€HaX Ha BHIOPOCHI yIieponaa
ObLI0 OOHAPYKEHO, YTO pa3yMHOE pacrpeiesieHue OCHOBAaHHBIX HA IIEHE U aJIbTEPHATUBHBIX OTBETOB
crpoca M Kod(h(UIIMEHTa MPOU3BOJICTBA TeIIa Ta30BBIMU TypOMHAMHU CIIOCOOCTBYET YIYUIIEHHUIO
OTIEPALIMOHHOM YKOHOMHUKH CUCTEMBI U pa3paboTKe pa3yMHON TOProBIM BeIOpocamu yriepoza. Llena
MOJKET peajgn30BaTh CHHEPTUIO CUCTEMHON S3KOHOMUKH U HU3KOTO YPOBHS BEIOPOCOB yriiepoaa.

Keywords: carbon trading mechanism, demand response, integrated energy system, optimized
operation.

Kntouegvle cnosa: MexaHu3M TOPrOBIM BbIOpOCAMHM  yIJIEpOa, pearupoBaHUE CIIpoca,
MHTErpUPOBAaHHAs SHEPreTUYECKas CUCTEMa, ONITUMajbHas paboTa.

Introduction

Coal, as the raw material for industrial production and the most basic energy in my country, is
the most economical and safest mineral resource that can be used cleanly and efficiently. The coal
industry has always played an energy pillar role, not only providing guarantees for the stable and
rapid development of the national economy and society, but also supporting national energy security
and stable supply [1-2]. During the "Thirteenth Five-Year Plan" period, under the background of the
continuous promotion of supply-side structural reform as the country's continuous promotion policy,
the coal industry will fully implement the new energy security strategy, and promote its own
consumption revolution, supply revolution, technological revolution, institutional revolution, and
international cooperation. Fully implement the green mining and clean and efficient utilization of
coal, support the comprehensive optimization of my country's energy structure and the construction
of a modern energy system with complementary multi-energy, and promote the high-quality
development of the national economy and society [3].

The carbon trading mechanism can optimize the allocation of system resources and promote
energy conservation and emission reduction [4-6]. Reference [7] allocates initial carbon emission
rights free of charge according to the actual output of nuclear power units, thermal power units and
wind power units, and calculates carbon transaction costs by considering the actual carbon emissions
of thermal power units, effectively balancing economic and low-carbon benefits; Reference [8]
introduced the carbon trading mechanism into virtual power plants, based on the baseline method and
allocated free initial carbon quotas to carbon sources according to the output of renewable energy
units, which increased the total amount of renewable energy consumption. Demand response (DR)
can enhance the two-way interaction between the energy supply side and the energy consumption
side. Reference [9] introduces a price elasticity matrix to describe DR behavior, and analyzes the
effectiveness of DR in alleviating system peak regulation pressure; Reference [10] established the
DR model of electricity and gas loads based on the price elasticity matrix method, and established
the DR model of heat load considering the fuzzy perception and delay of heat load, and verified that
the model can improve energy utilization efficiency; Reference [11] divides the electrical load into
three types: reduction, transfer, and replacement. The compensation cost is planned uniformly
according to the response quantity, and the saturation and difference indexes are used to measure the
user satisfaction. However, the above literatures only analyze the carbon trading mechanism, or only
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consider the demand response, which is not conducive to the coordination of low-carbon and
economical systems.

To sum up the current situation and problems, this paper proposes an optimal operation model
of the electric-heat integrated energy system considering DR under the carbon trading mechanism.
First, demand response is divided into price type and substitution type; Secondly, construct a carbon
trading mechanism for the integrated electric-heating energy system; Finally, through the simulation
of the example, it is verified that the demand response is considered under the carbon trading
mechanism, which can realize the economical and low-carbon performance of the integrated electric-
heating integrated energy system by shaving peaks and filling valleys. It provides a reference for the
low-carbon economic operation of the electric heating integrated energy system.

IEHS can realize the complementary synergy of electric energy and thermal energy, improve
energy utilization efficiency, and ensure continuous and reliable energy supply while satisfying users'
cascade utilization of various energy sources.

This paper constructs an IEHS architecture with demand response, as shown in Figure 1. In this
system, electric energy and gas energy are supplied by the upper-level power grid and gas network
respectively, and gas purchased from the upper-level gas network is used to supply combined heat
and power (CHP) and gas boiler (GB), and the remaining electric energy can be sold to the upper
power grid; The energy coupling equipment includes CHP, heat pump (HP) and GB, which can realize
bidirectional flow of electric and heat energy; CHP is composed of gas turbine (GT), waste heat boiler
(WHB) and organic Rankine cycle (organic Rankine cycle). Rankine cycle, ORC) low temperature
waste heat power generation device, the operation mode is thermo-electrolysis coupling, which can
adapt to different operating conditions of the system; HP and GB absorb wind power and take part of
the heat load. The introduction of DR can smooth the fluctuation of the load curve, realize the
interactive coupling of electricity and heat, cut peaks and fill valleys, and reduce operating costs.

| wind power |

— e
Upper power grid X I electrical load |
1 v v 1 | |
| Low temperature waste ] heat pump battery | |

CHP heat power generation |
| device based on ORC | |

| 1 |
GT »1 WHB i Y ;l heat load l
| j T l | I

— e c— c— c—— — — — —
I

Superior gas network | GB heat storage tank iy

RN ——— |

Figure 1. Structure of IEHS

DR means that users adjust their energy consumption behavior according to the electricity price
or incentive mechanism, and participate in the interaction of the grid, so as to optimize the load curve
and improve the operating efficiency of the system. According to the characteristics of load response,
DR is divided into price demand response and substitution demand response.
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Different types of loads have different sensitivities to the same electricity price signal. Price-
based demand-response electricity loads are divided into curtailable load (CL) and shiftable load
(SL), and the two types of loads are modeled separately below.

1) CL characteristic analysis and modeling.

CL chooses whether to reduce its own load by comparing the changes in electricity prices in
the current period before and after DR. The DR characteristics are described by the price demand
elasticity matrix. The element in the tth row and the jth column in the elasticity matrix E(t, j), that
is, the elasticity coefficient of the load at time t to the electricity price at time j, is defined as:

AP/ ()
Y Ap/p?

In the formula: is the load change at time t after DR; is the initial load at time t; is the change
in electricity price at time j after demand response; 1is the initial electricity price at time j. Then, the
curtailable load change at time t after DR is:

2

24 0
APE,. = PG, Z Ec (t,)) b 0,0,
j=1 Pj

In the formula: is the initial load reduction at time t; is the CL price demand elasticity matrix,
which is a diagonal matrix; p_j is the electricity price at time j.

2) SL characteristic analysis and modeling.

Transferable load refers to the load that users can flexibly adjust their working hours in response
to electricity prices according to their own needs. Using the peak-to-valley time-of-use price as a
signal, users can be guided to transfer the load from the peak period to the flat valley period. In the
same way, using the price elasticity matrix to describe the DR characteristics, the transferable load
change at time t after DR is:

24 0 (3)
e el . pj — pj
APg; . = Py z Eg,(t,)) 0

In the formula: is the initial transferable load at time t; is the SL price demand elasticity matrix.

For a certain type of heat load that can be directly supplied by heat energy or electric energy,
electricity can be consumed during low electricity price periods, and heat energy can be directly
consumed during high electricity price periods to meet its own needs, thereby realizing the mutual
substitution of electricity and heat energy. The replaceable load (RL) model is:

ALY = —g, , ALY" )
o Ve Pe (5)
“m T v

The negative sign in formula (4) indicates that the reduction of the replaceable electrical load
corresponds to the increase of the replaced heat load. For this type of load, the maximum alternative
load constraints need to be considered:
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AI—min 2 AL[ ” AI—max
r,h r,h r,h
AI‘min 2 AL[ ” ALmax

In the formula: and are the minimum and maximum replacement quantities of the electrical
load that can be replaced; and are the minimum and maximum replacement quantities of the heat load
that can be replaced, respectively.

The carbon trading mechanism is a mechanism for trading carbon emission rights as a
commodity in the carbon trading market. The implementation of the carbon trading mechanism can
effectively promote carbon emission reduction.

A perfect carbon trading mechanism first needs to determine carbon emission quotas. There are
two common allocation methods for carbon emission quotas: free distribution and paid distribution.
Free allocation refers to pre-allocating free carbon emission credits to the system to increase the
enthusiasm for system participation; paid allocation requires the system to pay corresponding fees for
its own carbon emissions. According to the current actual situation in my country, carbon emission
allowances are provided for the system based on the baseline method and free allocation. For the
IEHS with DR established in this paper, the carbon emission sources are GT and GB, GT generates
electricity and heat, and GB only generates heat, and carbon emission quotas are allocated to them
according to the total equivalent heat generation. The carbon emission quota of the system at time t
is is:

Eye = k(PgT,t + @Pér, + PC}v‘lB,t) (7

In the formula: k is the regional carbon emission allocation per unit of electricity, which is
determined by the “2019 China Regional Power Grid Baseline Emission Factor for Emission
Reduction Projects” stipulated by the National Development and Reform Commission. This paper
adopts the operating margin (OM) emission of the system area. The weighted average of the factor
and the build margin (BM) emission factor is obtained, taking 0.57 t/(MW-h); and are the electrical
and thermal power output by GT at time t, respectively; ¢ is the conversion coefficient of electricity;
is the thermal power output by GB at time t.

The actual carbon emission of the system at time t is the sum of GT and GB. According to the
emission factor method, in this paper, it is approximately considered that the actual carbon emission
of the unit is proportional to the output of the unit, then the actual carbon emission of the system at
time t is:

Eac,t = kGT(PélT,t + QDPGCT,L“) + kGBP(};lB,t (8)

In the formula: and are the carbon emission coefficients of GT and GB respectively [12], which
is taken as 0.6101 /(MW -h).

In order to encourage the system to actively participate in the carbon trading market, the carbon
trading strategy constructed in this paper is as follows: users can trade carbon emission allowances
by themselves, that is, the actual carbon emission is less than the carbon emission allowances, and
the remaining carbon emission allowances can be sold at market prices to obtain profits; otherwise,
Excess carbon credits need to be bought from the market. Therefore, the carbon transaction cost at
time t is:

Ceat = kCa(Eac,t - Ep,t) ©

In the formula: is the carbon trading market price.
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The IEHS optimal operation model considering DR under the carbon trading mechanism aims
to achieve the best economics of the entire network under the premise of satisfying the system
operation constraints. Taking the minimum sum of energy purchase cost, carbon transaction cost and
operation and maintenance cost as the objective function:

mlnf = CBuy + CCa + COP (10)

1) Energy purchase cost . The system can trade electricity with the upper-level power grid,
purchase electricity from the upper-level power grid when the power generation cannot meet its own
needs, and accordingly, sell the excess power to the upper-level power grid when the power generation
is surplus; in addition, the system needs to purchase natural gas to maintain CHP and GB operation .
Therefore, the cost of purchasing energy is:

: (11)
Cpuy = Z(Plf,tkg,t — Poikge + Qb,tkg)

t=1

In the formula: T is an operation cycle; and are the power purchased and sold from the upper
power grid at time t, respectively; and are the electricity purchase and sale prices at time t,
respectively; is the amount of natural gas purchased at time t; is the unit price of natural gas.

2) Carbon trading cost . The carbon trading cost of a running cycle is the sum of all moment

costs:
T
Ceq = § CCa,t
t=1

3) Operation and maintenance cost.

(12)

L (13)
Cop = zz w;P;y
o1l

In the formula: 1 takes 1, 2, ..., 6, representing the fan CHP, HP, GB, ES and HS respectively; is
the operation and maintenance coefficient of the equipment i; is the output of the equipment 1.

The optimal operation constraints of IEHS considering DR under the carbon trading mechanism
are: wind power output constraints, energy balance constraints, equipment energy conversion
constraints, energy storage equipment constraints and user satisfaction constraints on electricity
consumption.

1) Wind power output constraints.

The clean energy on the energy supply side mainly considers wind power. Due to factors such
as wind power output uncertainty and power grid transmission capacity, the system is often unable to
absorb all wind power, that is, the actual output of wind power is less than the predicted output.

14
PVeVT,t = PVeVT,F 9

In the formula: and are the actual output and predicted output of wind power at time t,
respectively.

2) Energy balance constraints.

The IEHS constructed in this paper includes electric energy flow, thermal energy flow and air
energy flow, all of which need to meet the energy balance constraints, which are:
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Py — Pdy+ Pyre — Piipe + Péype + PEeéiiS - PI;S',Cth = P{Y + AP, + AP, + ALYS (15)
h h h h,di hch _ ph h
P+ Plupe + Piipe + Pygy — Pysr = Pl + AL (16)
Qp: = QgHP,t + QgB,t (17)

In the formula: and are the power consumption and heat production of HP at time t,
respectively; are the electricity generation power, heat generation power and gas consumption of CHP
at time t respectively; and are respectively is the discharge and charging power of the battery at time
t; and are the heat release and heat storage power of the heat storage tank at time t, respectively; and
are the electrical load and thermal load at time t before DR respectively; is the GB gas consumption
at time t.

3) CHP constraints. Equations (18) and (19) are the constraints of CHP power generation and
heat generation, respectively. CHP power generation is composed of GT power generation and low
temperature waste heat power generation device power generation. CHP heat generation is WHB heat
generation; formula (20), (21) are GT gas-to-electricity and gas-to-heat constraints, respectively.

Péup, « = Pér, ¢ + Poge, ¢ (18)
PC"lHP, t = Pc’;lT, tBeTwhB (19)
PgT, t = Q&qu, tTgTVg (20)
Pére = QupTerY 21
Pore, ¢ = PgT, t2tO0Rc (22)
ar+p=1 (23)
0<a, p =<1 (24)

In the formula: is the power generated by the low temperature waste heat device; is the ratio
of the waste heat generated by GT to WHB for heat generation at time t; 1s the heat conversion
efficiency of WHB; and 1is the gas-to-electricity and gas-to-heat efficiency of GT respectively; is
the calorific value of natural gas, which is 9.88 kW h/m?; is the proportion of waste heat generated
by GT to the waste heat power generation device at time t; is the power generation efficiency of the
waste heat power generation device . For HP, GB energy conversion constraints, energy storage
equipment constraints, and equipment energy consumption upper and lower limits, please refer to
[11].

4) User satisfaction constraints on electricity consumption.

The user's feeling about the change of electricity consumption will affect the enthusiasm of the
response, so consider the user's electricity consumption satisfaction constraint:

T el e e T.e

Ni=1|PLE+APEL (+APS) +ALYS| > )
ZT peo Z Smin
t=1PLt

(25)

s=1-

In the formula: and are the user's electricity consumption satisfaction and the minimum value
of satisfaction, respectively.

The problem in this paper is a mixed integer linear programming problem. First, the price-based
demand response and the alternative demand response are analyzed to obtain the load curve after
demand response; then, the carbon trading mechanism is introduced, and the carbon trading cost
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under the carbon trading mechanism is taken as the target. Finally, under the condition of satisfying
wind power output constraints, energy balance constraints, equipment energy conversion constraints,
energy storage device constraints and user satisfaction constraints on electricity consumption, the
CPLEX solver is called based on MATLAB platform to solve. The solution process is shown in Figure

2.
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Figure 2. Flow chart of solution

Taking an industrial park in the north as the research object, 24h is an operating cycle, and the
unit operating time is 1h. The installed equipment in the system includes CHP, HP, GB composed of
GT, WHB and low-temperature waste heat power generation device based on ORC. The parameters
are shown in Appendix A1; the price of natural gas is 2.55 yuan/m?; the time-of-use electricity price
is shown in Appendix A2; The predicted output of electricity, heat load and wind power is shown in
Figure A1.

In order to verify the rationality of the proposed model, this paper compares and analyzes the
following four scenarios.

Scenario 1: Only carbon trading mechanisms are considered;

Scenario 2: Considering demand response under the carbon trading mechanism;

Scenario 3: Consider only demand response;

Scenario 4: Carbon trading mechanisms are not considered and demand response is not
considered.

The cost and actual carbon emissions of each scenario are shown in Table 1.

It can be seen from Table 1 that compared with Scenario 4, the carbon emission cost of Scenario
1 is reduced by 78.07%, and the actual carbon emission is reduced by 2417.46kg. This is because
Scenario 1 considers the carbon emission mechanism so that the system has an initial carbon emission
quota, which can offset part of it. The cost of carbon emissions, while Scenario 4 must consider the
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full cost of actual carbon emissions; Compared with Scenario 4, the cost of purchasing energy in
Scenario 3 is reduced by 9.58%.

Table 1
COST OF EACH SCENARIO

Scenes Total running  Purchase energy  Carbon trading  Operation and Actual carbon

cost/yuan cost/yuan cost/yuan maintenance emissions/kg
cost/yuan
1 20108.90 14079.62 679.26 5350.02 32246.62
2 19313.64 13771.19 603.99 4938.46 31972.44
3 20845.88 13231.96 3462.33 4151.59 35926.32
4 22331.62 14633.32 3096.72 4601.58 39601.22

This is due to the consideration of demand response, which reduces the electricity load during
peak hours and increases the electricity load during valley hours, so that the system can choose a
more economical way of purchasing energy; Comparing Scenarios 1 and 2, Scenario 3 has higher
total operating costs, lower energy purchase costs, and higher carbon trading costs and actual carbon
emissions, which indicates the role of the carbon trading mechanism in promoting energy
conservation and emission reduction; The total operating cost, energy purchase cost, carbon
transaction cost, operation and maintenance cost, and actual carbon emissions of Scenario 2 are all
lower than those of Scenario 1. This is because the carbon trading mechanism considers demand
response not only to transfer part of the load during the high electricity price period to the low
electricity price It also realizes the mutual substitution of electric energy and thermal energy on the
user side, and smoothes the load curve. Therefore, the system compares the power purchase, gas
purchase cost and GT and GB output in different time periods, so as to choose a more economical
and carbon-friendly It operates in a way with less emissions, effectively coordinating the operating
economy and low carbon of the system.

In each scenario, the predicted power of wind and scenery is shown in Figure 3.
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Figure 3. PV and Wind power forecast curve
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In scenario 2, the electricity and heat loads before and after demand response are shown in
Figures 4-5 respectively.

2700 T T T

2600

2500

2400

(8] N [ ]
e [\ w
= (=3 S
(=} (=} =}
T
1

Electrical load/kW

2000

1900

1800

—%— Optimised electrical load
—&— Electrical load before optimization

1700 1
0 5 10 15 20 25
Time/h

Figure 4. Electric load before and after demand response
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Figure 5. Heat load before and after demand response

As can be seen from Figure 4 and Figure 5, compared with the obvious peak-to-valley
distribution of the original load, CL responds to the peak-to-valley electricity price and reduces part
of the load during high electricity price periods (09:00-12:00, 19:00-22:00); SL transfers part of the
load during the high electricity price period (09:00-12:00, 19:00-22:00) to the low electricity price
period (00:00-08:00), reducing the load during the high electricity price period and increasing the low
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electricity price period. During the electricity price period, the load curve is relatively smooth; RL
converts part of the electricity load into heat load during the high electricity price period (09:00-
12:00, 19:00-22:00), and the low electricity price period (12:00-19:00: 00, 22:00-09:00) to convert
part of the thermal load into electrical load. The synergistic effect of price-based demand response
and alternative-based demand response makes the load curve smooth and realizes peak shaving and
valley filling. Before and after demand response, electricity and heat prices are shown in the Figure.
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Figure 6. Electricity and heat prices before and after demand response

It can be seen from Figure 6 that after the price-based demand response, electricity and heat
prices will increase and decrease in various time periods during the entire dispatch cycle, which will
stimulate load aggregators to use electric energy effectively and orderly. During the peak hours of
load, especially the use of rigid loads, adjustments must be made to achieve orderly power
consumption of the system. Therefore, for the electric-heat integrated energy system, flexible loads
are included to improve the flexibility of the load side, and then It plays the role of peak-shaving and
valley-filling for the entire electric and thermal integrated energy system.

In Scenario 2, the electrical and thermal outputs of each device are shown in Figures 7-8
respectively. As can be seen from Figure 6 and Figure 7, the operation of the system equipment and
the reasons are shown in Table 2 for specific analysis. In addition, the ES is charged during the low
electricity price period and discharged during the high electricity price period, and the HS is
conversely, which improves the flexibility of the system.
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Figure 8. Thermal Load Balancing
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Table 2

SYSTEM OPERATION ANALYSIS IN CASE 2

Period
type

period

System equipment operation

reason

Valley  00:00-08:00

The system relies on wind
power output and the upper-
level power grid to buy
electricity to meet the
charging and electrical load
demands of HP and HS, so as
to maintain the electrical
power balance in this period.
The thermal load is supplied
by HP, GB and HS to achieve
thermal power balance.

On the one hand, the operation and maintenance
cost of wind turbines is relatively small, and the
preferential use of wind power output is
conducive to reducing operating costs. When the
wind power output still cannot meet the electrical
load demand of the system and the electricity
price is low during this period, the cost of
purchasing electricity from the upper power grid
is less than that from the upper power grid. On the
other hand, the heating efficiency of HP is higher
than that of CHP and GB, so HP heating is
preferred. When HP cannot fully meet the heat
load demand and CHP does not work hard during
this period, GB heating is used.

flat 08:00-09:00
12:00-19:00

22:00-24:00

The system relies on the
output of wind power and
CHP to meet the demand of
HP and electric load, and the
heat load is supplied by HP
and CHP

During this period, the electricity price is
relatively high, and the cost of purchasing
electricity from the upper-level power grid is
greater than the cost of purchasing gas from the
upper-level gas grid.

09:00-12:00
19:00-22:00

peak

The system relies on wind
power, CHP output and HS
discharge to meet HP and
electrical load demands,
while heat load and HS heat
storage are supplied by HP
and CHP

The electricity price is relatively high during this
period, and it is more economical to purchase gas
from the upper-level gas grid than to purchase
electricity from the upper-level grid.

Conclusion

Aiming at the electric heat integrated energy system, this paper establishes an optimal operation
model considering demand response under the carbon trading mechanism, compares and analyzes the
costs of four scenarios, and studies the impact of carbon trading prices on the operation of the system,
and draws the following conclusions:

1) Considering demand response under the carbon trading mechanism, it not only transfers part
of the load during the high electricity price period to the low electricity price period and reduces the
energy consumption of part of the load, but also realizes the mutual substitution of electric energy
and thermal energy on the user side, smoothing the load curve; at the same time, flexible selection of
energy purchase way, effectively coordinating the operating economy and low carbon of the system.

2) Increasing the price-based demand response load can reduce operating costs, and
coordinating the ratio of price-based and alternative demand response is conducive to improving
operating economy.

3) After the power and heat integrated energy system is optimized in response to demand, it can
improve the ability to absorb new energy, especially after the carbon trading mechanism is added, it
can transfer the power in the low-load, high-output period to the high-load, low-output period, to
achieve load peak shaving and valley filling.
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