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Abstract. Power demand side resources include interruptible load and transferable load. With the aid of
demand side resources, we can reduce peak load of power system and slow down the power grid investment,

and promote the efficiency of power system operation. Based on the assessment of the potential value of

demand side resources, this paper proposes a regional power system planning optimization model
considering demand side response. The regional total costs of investment cost, fuel cost and demand

response compensation cost are minimized with power system planning and operation constraints. The
benefits of the proposed model are investigated through several case studies.

1 Introduction

With the development of society, the problem of energy
consumption and environmental pollution becomes more
and more serious. The power industry is now faced with
the problem of how to improve the efficiency of power
production and consumption to meet the increasing
demand [1-4]. Due to the acceleration of economic
development and the rapid increase in the demand for

electricity in the whole society, the installed capacity of

new energy is growing rapidly, facing the increasing
contradiction between supply and demand, the
consumption capacity of the provincial network and
other problems. Relying solely on the increase of power
supply to meet the needs of the power system has caused
certain problems, such as environmental pollution and
power grid capacity is difficult to adapt to the increased
power generation. Thus, improving the operation
efficiency of power system has become inevitable in the
future development of power system [5-7].

Improving power system operation efficiency will
bring huge economic benefits. This paper considers the
influence of demand side resources, and proposes a
regional power system planning model to optimize the
power units planning in different horizons. The model
takes the minimum regional total cost as the optimization
objective, and considers the planning and operation
constraints of power system.

This paper is composed of five sections. In Section 2,
the framework of the proposed model is presented. In
Section 3, more details of the model are given. In
Section 4, the proposed model is applied to a regional
power system. The paper concludes in Section 5.
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2 The framework of the proposed model
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Fig. 1. Framework of the proposed model.

The framework of the proposed model is shown in Fig. 1.
First, collect the related data and parameters of the
regional power system, including policies, demands and
resources.

And then, the potential of demand response in the
regional area in the planning horizon is evaluated.
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Considering the potential of demand response and the
characteristics of new energy, a power system planning
model is formed, the goal of which is minimizing the
total regional system cost.

Finally, the proposed model is used to optimize
power units planning.

3 Formulation of the proposed
optimization model

3.1 Objective Function

The objective function is written as
T
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Where ¢ represents the year. T is the planning horizon.
r is the discount rate. I, F;,, and M, represent the
investment cost, fuel cost, and demand response
compensation cost, respectively
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Where M represents the types of power generation.
C?Ir'? is the investment cost of unit m. X tNrS is the
installed capacity of unit m.
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Where cf;,» represents the fuel cost of unit m. XPme

represents the cumulative power generation of unit m. J
represents a typical day set. 7; represents the number of
days represented by a typical day j. p.;s represents the
probability of new energy generation output scenario s. S
is the total number of new energy power generation
scenarios. XPS«,/',S‘»« represents the power generation in

period n. Nr is the number of periods composed of a
typical day.

The demand response compensation cost can be
written as

D
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Where p4 represents whether demand response d will
be implemented in year f. D is the types of demand

response. Dy represents the compensation cost of
demand response d.

3.2 Constraints

(1) Power balance constraint

D
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Where DL, represents the load demand. Xxsp©

JsSs,n
represents the energy storage level. zs represents the
reduced peak load by demand response d.

(2) Unit output constraint
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Where /,,[ijv and ¢ N represent the upper and

lower limit coefficients of the unit output, respectively.
X,Gm represents the planned installed capacity of the unit

m in year t.
(3) System backup constraint

ZXtmytm_

Where 9., indicates the capacity confidence
coefficient of unit m. f; indicates the system back up
coefficient. MDL, is peak power load of year .
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4 Case studies

An illustrative study is conducted on a regional power
system in this section to demonstrate how the proposed
model works. The system data are given in Table 1. The
parameters of coal-fired units, gas-fired units, hydro
units, pumped storage units, energy storage, biomass
generating units, wind power units and photovoltaic
units are considered as the national average. According
to the development trend, the parameter values in the
medium and long-term are predicted.

Table 1. The system data.

. Fuel price
Units EHEZZ‘[/IE\G;?; Fég:f (yuan/ ton of
Y standard coal)
Coal-fired unit 3156 2% 680
Gas-fired unit 3063 4% 2000
Hydro unit 11272 2% 0
Pumped 4000 2% 0
storage unit
Energy 10050 2% 0
storage
Biomass
generating 10000 2% 8
unit
Wind power 8356 1% 0
unit
Photoveltalc 8225 1% 0
unit

Table 2 presents an assessment of the market
potential of demand response for the year 2025 and 2035.
The Table shows that the market potential of demand
response resources in the region will reach 30.55
megawatts by 2025. By 2035, the market potential of
demand response resources will reach 45.84 megawatts .
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Table 2. Market potential of demand response (megawatts).

Market potential of
demand response

Type of demand response

2025 2035
Ferrous metal smt':ltm'g and 1.80 2.02
calendering processing industry
Nonferr(?us metal sr'nelt'lng and 795 826
calendaring processing industry
Non-mentfil mineral product 6.20 915
industry
Chemical raw n'late'rlal product 200 3.02
manufacturing industry
Agricultural supplementary
foodstuff processing industry 245 4.76
Food manufacturing industry 2.66 5.17
Alcohol, beverage apd refining 0.16 023
tea manufacting industry
Textile industry 3.28 4.11

Woodworking and wood,

bamboo, ratten, palm and grass 0.50 0.61
product industry

Papermaking and paper

product industry 0.48 0.68
General .equ}pment 212 376

manufacting industry
Wholesale and retailing 0.25 1.26
Lodging and catering industry 0.15 0.79
Urban and rural residents 0.55 2.02
Total 30.55 45.84

In order to illustrate the effectiveness of the proposed
model, two case studies are conducted. In Case 1, the
influence of demand response on power system planning
is considered, while in Case 2, demand side response is
neglected. The optimization results obtained in Case 1
are summarized in Table 3. We can see that, in 2025, the
total power generation capacity in the region will reach
11.8 million kilowatts, of which 6.94 million kilowatts
are coal-fired units, accounting for 59%. New energy
will develop rapidly, wind power and photo voltaic units
will reach 3.3 million kilowatts, accounting for 28%. In
2035, the total installed capacity will reach 16.17 million
kilowatts, of which 9.26 million kilowatts are coal-fired
units, accounting for 57%. Wind power and photo
voltaic units will reach 4.82 million kilowatts.

Table 3. Power supply structure in Case 1(million kilowatts)

Installation capacity

Units
2025 2035
Coal-fired unit 6.94 9.26
Gas-fired unit 0.34 0.49
Hydro unit 0.26 0.27
Wind power unit 1.87 2.44
Pumped storage unit 0.48 0.57

Energy storage 0.19 0.38

Photovoltaic unit 1.43 2.38
Biomass generating

unit 0.29 0.38

Total 11.8 16.17

The comparisons of Case 1 and Case 2 are shown in
Table 4 and Table 5.

Table 4. Comparison of different cases

Capacity /million Average generating
Cases kilowatts equipment availability hours
2025 2035 2025 2035
Case 1 11.8 16.17 3247 4079
Case 2 12.12 16.65 3160 3960

Table 5. Comparison of costs in different cases (billion yuan)

Demand
Investment Fuel
Cases response Total cost
cost cost
cost
Case 1 40.49 74.73 0.08 115.3
Case 2 42.44 74.93 0 117.37

From Table 4 and Table 5, we can see that:

(1) In Case 1, the average generating equipment
availability hours in 2025 and 2035 are 3247 hours and
4079 hours, respectively, which increased significantly
compared with that of Case 2. In this case, the operation
efficiency of power system is improved compared with
Case 2.

(2) In Case 2, to meet the system planning and
operation constraints, the system installed capacity must
be increased compared with Case 1. Although the
demand response compensation cost is reduced by 0.08
billion yuan, the investment cost and fuel cost are
increased, and the total cost is increased by 2.07 billion
yuan.

5 Conclusions

This paper proposes a regional power system planning
optimization model. The model considers characteristics
and potential of power demand response, and takes the
total regional cost as the optimization goal. The case
studies show that the implementation of demand
response can significantly reduce total regional cost and
improve operation efficiency of power system. Therefore,
the demand side management should be strengthened in
the future.
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