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A review on the short-term 
strategy for reducing the 
peak-valley difference and the 
long-term energy structure 
optimization strategy in cities 
based on the integration of 
“power generation - power grid - 
power load - Energy storage”

Yiting Shi, Liting Zhang*, Yongwen Yang, Qifen Li and 
Hanzhou Zhang

School of Energy and Power Engineering, Shanghai Development and Reform Research Institute, 
Shanghai University of Electric Power, Shanghai, China

Effectively alleviating the contradiction in load regulation brought about by the 
peak-valley difference of electricity is an important measure to promote the 
high-quality development of energy and electricity in the new era and realize 
the optimization of the energy structure. As a city entering a new stage of 
development as an ultra-large-scale urban economy, Shanghai has a strong 
external dependence on energy and a shortage of available resources within 
the city. Coupled with factors such as the connection of a high proportion 
of renewable energy sources, the uncertainty on the power supply side has 
increased, resulting in a shortage of short-term electricity power and obstruction 
to the optimization of the long-term energy structure. Therefore, in view of the 
characteristics and formation causes of the peak-valley difference in Shanghai, 
combined with the energy structure within the city and the situation of power 
supply connections from outside the city, the fundamental reasons for the 
continuous widening of the peak-valley difference in Shanghai’s electricity and 
the bottleneck encountered in the adjustment of the energy structure are deeply 
explored. On this basis, the research status and development trends of technical 
measures on each side of “Source-Grid-Load-Storage” are sorted out, and a 
technical system applicable to reducing the peak-valley difference and realizing 
the optimization of the energy structure in Shanghai is refined and established. 
Further multi-time dimension and multi-index contribution degree evaluations 
are carried out to strengthen forward-looking strategic guidance and top-level 
layout planning.
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1 Introduction
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FIGURE 1
The graph of the maximum peak-valley differences and their growth trends over the years (a) and the proportions of peak loads (b) and electricity 
consumption of various industries (c) in the electricity consumption structure of Shanghai in 2022.
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TABLE 1  The situations of electricity consumption and loads in typical metropolises at home and abroad.

City Year Population Electricity 
quantity

Maximum 
load

Per capita 
electricity 
quantity

Per capita 
load

Load 
density

Hours of 
maximum 

load 
utilization

Ten 
thousand 

people

Hundred 
million 

kilowatt-
hours

Ten 
thousand 
kilowatts

Kilowatt-
hours per 

person

Kilowatts 
per 

person

Kilowatts 
per 

kilometer2

FIGURE 2
The impact of the variation of the daily maximum air temperature in summer on the cooling load.

     

2 Research review on technical 
measures for reducing the power peak 
- valley difference on the supply side 
and analysis of the contribution 
degree to Shanghai

2.1 Simultaneous implementation of three 
- pronged retrofits for thermal power units 
(including energy - Saving and carbon - 
Reduction retrofit, flexibility retrofit, and 
heating retrofit)
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FIGURE 3
Framework of the technical route for the overview of research on technologies for reducing the power peak-valley difference at home and abroad and 
the analysis of contribution degree to Shanghai.
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TABLE 2  Comparison of four peak - shaving modes of coal - fired units.

Category Stable combustion 
at low load

Two - shift start - 
stop system

Low - steam 
(Yang et al., 2022) 

and No - load 
(Huanhuan, 2021)

Low - speed rotating 
hot standby 

(Lei et al., 2023; 
Zhang, 2017)

  

  

  

  
  

 

2.2 Photovoltaic development
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TABLE 3  Comparison of two peak - regulation modes of clustered distributed photovoltaic units.

Category Large - scale distributed 
photovoltaic cluster control

Supporting the development of 
household - end photovoltaics

  

  

  

  

  

   
 

 

 

2.3 Natural - gas distributed energy supply
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TABLE 4  Comparison of two peak - regulation modes of gas - steam combined cycle gas turbines.

Category Optimize the operation strategy to 
reduce the peak - to - valley 

difference

Utilize the peak - valley electricity 
price difference to enhance 

economic efficiency

  

  

  

    

  

 

 

 

2.4 Geothermal energy development
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TABLE 5  Comparison of two peak - regulation methods for geothermal energy development.

Category Shallow - soil ground - source heat 
pump air - conditioning load - peak 

- regulation technology

Medium - and deep - layer 
geothermal energy cascade 

utilization for heating and load - 
peak - regulation technology

  

  

  

    
  

    
  

   

 

 

 

 

2.5 Comprehensive utilization of waste 
heat and residual pressure
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TABLE 6  Comparison of two peak - regulation modes for comprehensive cascade utilization of waste heat and residual pressure.

Category Traditional steam turbine power - 
generation technology with water as 

the working fluid

Peak - shaving technology of 
organic working fluid power - 

generation technology with low - 
boiling - point working fluid

  

  

  
  

  

    

 

3 Research review on technical 
measures for reducing the power peak 
- valley difference on the grid side and 
analysis of the contribution degree to 
Shanghai
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TABLE 7  Comparison of two peak regulation modes of intelligent and orderly charging and discharging of electric vehicles.

Category Algorithm optimization Control strategy improvement

  
    

  

  

  

3.1 Intelligent and orderly charging and 
discharging of electric vehicles
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3.2 Grid-side intelligent dispatching 
technology

   

4 Research review on technical 
measures for reducing the power peak 
- valley difference on the goad side 
and analysis of the contribution 
degree to Shanghai

 

4.1 Management of air - conditioning loads 
in public buildings
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TABLE 8  Comparison of grid-side intelligent scheduling modes.

Category Multi-source collaborative optimal 
scheduling technology for active distribution 

network

Research on optimal scheduling method of 
power grid considering mutual aid of peak 

regulation resources

  

  

  

  

  

  

  

  

  

  

  

  

 

4.2 “Carbon inclusive” application of air - 
conditioning loads in households and 
enterprises
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TABLE 9  Comparison of two peak - regulation modes of air - conditioning load management in public buildings.

Category Air-conditioning set temperature control Changing the operating 
mode of the 

air-conditioning system

  
  

  

  
  

  

TABLE 10  Comparison of two peak - regulation modes of “carbon - inclusive” application of air - conditioning loads for households and enterprises.

Category Algorithm optimization Control strategy improvement

  
  

    

5 Research review on technical 
measures for reducing the power peak 
- valley difference by energy storage 
methods and analysis of the 
contribution degree to Shanghai
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5.1 Pumped storage

   

 

5.2 New energy storage
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TABLE 11  Comparison of two peak regulation modes of pumped storage.

Category Research on the development of pumped 
storage power stations that better meet peak 

regulation requirements

Research on peak regulation of a combined 
system considering pumped storage power 

stations

  

  
  

  
  

  

  

  

TABLE 12  Comparison of two peak regulation modes of new energy storage.

Category Electrochemical energy storage Hydrogen energy storage
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TABLE 13  Comparative analysis of peak-shaving strategies under different urban contexts.

Strategy Strengths Weaknesses Suitable city scales Suitable energy mixes

FIGURE 4
Quantitative indicators of the expected effects of main measures on reducing the peak-to-valley difference at the end of the “14th five-year plan“ (a)
and the end of the “15th five-year plan“ (b).

 

6 Summary of technical measures for 
reducing the power peak-to-valley 
difference in Shanghai Based on the 
“source-grid-load-storage” 
integration and analysis of their utility 
in optimizing the energy structure

6.1 Form the ability of incremental peak 
shaving and valley filling
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6.2 Promote the optimization of the 
long-term energy structure
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FIGURE 5
Installed capacity structure of in-city power sources in Shanghai in 2022, 2030 and 2060.

FIGURE 6
Installed capacity structure of out-of-city power sources in Shanghai in 2022, 2030 and 2060.

 

6.3 Research gaps and future directions
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