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Efectively alleviating the contradiction in load regulation brought about by the
peak-valley diference 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 diference 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 diference 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 diference and realizing
the optimization of the energy structure in Shanghai is refned 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.

reduce the peak valley diference, urban energy structure optimization, source-
network-charge-storage integration, technical system, urban energy planning
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1 Introduction
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FIGURE 1

The graph of the maximum peak-valley diferences 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.

Year  Population Electricity Maximum Per capita Per capita Load Hours of
quantity load electricity load density maximum
quantity load
utilization
Ten Hundred Ten Kilowatt- Kilowatts Kilowatts
thousand million thousand hours per per per
people kilowatt- kilowatts person person kilometer?
hours
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FIGURE 2

The impact of the variation of the daily maximum air temperature in summer on the cooling load.
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2 Research review on technical
measures for reducing the power peak
- valley diference on the supply side
and analysis of the contribution
degree to Shanghai

2.1 Simultaneous implementation of three
- pronged retrofts for thermal power units
(including energy - Saving and carbon -
Reduction retroft, fexibility retroft, and
heating retroft)
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FIGURE 3

Framework of the technical route for the overview of research on technologies for reducing the power peak-valley diference 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 - fred units.
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Category Stable combustion Two - shift start - Low - steam Low - speed rotating
at low load stop system hot standby
and No - load ( :
( ) )
0000010000 O00000I000I0000] 00NO00NO00o0000m 00000007 00r 0000000 000000000000000000!
00000000000 01 000000000 000000 000I0N0000000 OONO0IInIO0000000] 000CI0ON00I00m00)
O0JI00mON000 DON00x0i00000] (00N000i000000I00nn (0000000000 000100000 00000I00I00I000000In00I00000
00000000000000000 C0oIoo000moan 0010 00 01I00000O 0Ooono0 I [00000boI0moooon
OOoooNoMONINONINONONOn | 0000CI0000000000I0N000000 1000010000000I000000I00000) 100000000 00000I00]
0 (000000000000MmE0m (0000I000CNOrO0nIO00000000 0o0ooomooomoiiiooibbdon
00000000 00 0000000 00000 00 D00000 OOIO000I00I00Io00)
000 00 000000
000000000000000000000 [O000I00000DOI0ND0C00o0On 000 O00000000010000000001 [0000O00C0000000000am 00O 0000IC0ooooT0o0m
00000000/ 00000000000 0000000000000000000000 (0000 OI00O0ION00II0n D OO0OIOI000OOII0n 0]
[00000/000000o00M0M00m0oo0a0 ) 0000001001000 000000mo0mal O R
OoOIN00 000000 CI0m 00O00000NOINO00 000000 000N OO O0C0O0aIn ) O00NOOIION0NO00 O I00m
[ 000I000C0o0Nmoo0I0o0n 10010000OM000I00I000000000 00000 DNC0O0n000000000000000 00000I0CO00m000INOomOnOnoa;
00000000000 C0000000 I0000ITO0OM00NON0000n000 00 (0000000000000 IOOIOINI0CmOI000
(0D00NO0000E0In000000000 OI000D000I0000I0000 oo
O0I0mIoOoi o0
O00000IN00n 000000000000
0000
OO0 CO00Na00D
0000IDo000I00Io00000O0 [J0000000000000000000I0I000m 000000 0O00I00I000000] goono dpomo
0000000010 000m00n00000r Jo00IoooooIDmoIOOoonoon
000I0oNONong (0000000000000
0000000000000 Ooomono0In0n Cm0000oN00rNI0C000000 OoOno00o000 OoOmo0Imonog
OOImIOmOInann
O000I0000I0000000 0oon DI01000000000000 010000000000 0100000000000
O00000NO00000mD o000 oo 00000 000
(000000000001 000001007 00 0o0m 0 Co00! o000 DD Do 00000000 000l 00000011000 00000000C0ino0iCOn0 j0000I00 0000 fio0iooo oo
0000000000000 0N 0000000l AN 0O 000000000000 Ci010000men - 00000000000 O000000100000000000000000000 00 0000100000000

00O0ECUoto0ioonibOoI00IIiNIDoo0oIoIoiIOooo0nOomeoom
0000 j0000 i0000moo! 0oboo00nn o 0oom 0r booon 00000 Oni foeoo! boloao
0 10
0 A R A W O W R R W M
000001 b0000] 00000001 00 0000000 [00 0o 0000 Cooioar CInmoon booo

0 0 1l 0
100D ODO00OnOmNNIoROiotiDO LoD 00O O o000 0mnono0omomoma
8 A A MR R
0 0 W AW
(000000 Coooan Dooooomnon 0ooeooon Oooor ot a1l 0o bioimotoo

0 0
000o0000mo0im

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 Supporting the development of
photovoltaic cluster control household - end photovoltaics
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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 Utilize the peak - valley electricity
reduce the peak - to - valley price diference to enhance
diference economic efFciency
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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
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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

the working fuid

Traditional steam turbine power -
generation technology with water as

Peak - shaving technology of
organic working fuid power -
generation technology with low -

boiling - point working fuid

00000000I0d0o0o (0000000000000 Ooo0oooditooUmonoiooy (0000 O00000O00IbOobOooooooioomo0iNoo00nm
00000000 000ICOIo0oOI00C00000Ino A 000000000 0 0 o
T 0000/Inoo0ooCoo0OimoInonmotooo 00000
D00ooooonn 1000000000000I0000OoIoOKCO0o0MIOID0o0bo0moan
O00O0DOIOomoOIOOIOrOE0N000m0oCon0000000000000
0
00000000000 0 R s CO000I0CmOInI0iC00000000I00IooIDO 0 0o 0ro0ooooo0mD
0000 07 0200000000Iioo0CoooIb0uooDanio 000000000 1000000O00MI0000000 b fZICooomOnO0ooooamm
o 000I00O0000M000000I 0000 01 07100000
000000000000C00000] 00 0Xooo0a

1000001001000000000n000mioirtroortonO0Nnooitnoboeooon
(0000000000 oo 0ol 1C00oi00m [obbo0mo D [ bboobodioon Ioboooom
000000 OOom 0ooodo OO0 foon 00eoooo [robomool 0o 0boomobooooa
00Io00I0oon 0m 000001 boem 0000 bofiooon boo0boo0? 1ot 0oobooom oo
0000 00000 07 0000iiinoot Cooomo o000 fo0dr 0uoeo o o000 oo
N 0 0
001 0000000000000 Oolioooo0l 0m Ceoiol Doom boo! Do0o00m Doeooooao
0001 b0 b1 bbOO00mbOn ftodo boboiniooo! bootonoo! 0ooiooooooom
00 00000 10 Cooomo

(000000000 DoI00e0oI000 iooC0 000010001 000 000000 0000000
000t 00000 00O0o 000000100l 0000ooooo oofn Ooiociooodo
0000000000 0000 Coooo! 0000 0oiotiiton Dol 00iemitol 0olooamo
00o0Da0000n Ooo bool Dooooo? 0o ooo! 0Boo boooooo boor cooooOoo
0000ICO00M000D 000000 0o0oiom: puoo0oIooo! I Oooo C0ooo booo
0000001000 foo0i oioEooooom Oo0m bo0o0a o fotoinol i L o0ooibooan
0000 00000ooom DhibCoooomon oCboool CoonooD booo! 0o Cioom fCCoooo
0000 00000 bioow boon 0000 i0b0000ina bo7 oobo0m Oooo coodo
000000000 DOC0O000N 000l bbooo! Choio ol 0000 boCoon boon 00000
00000000000 100000C000mD 0oo0n 00000 0Ibon 000000000 0000 bemeoo
0000000001 OO0 i00000I00mD bo0000000! 001 0000000 000 001000000
1000 100000000001 b00nOo000n00 (000000000 boon 00000002 0oB00 0o
100000000 O0ooo0em Lol 0000000000000 0007 000 oo booooeodn
0000 00D 000m] Iooib00 Diooom: 0hooO0o00r 000m 0ol 000000000000
I 00 A
O 0 0 o M R A
001 07 CB00010! 0000 01 000000b000n [(0booooe booon beobooom
0000000000 000CI0C0Ion o000ondn oo 0oom booboooo Oof bonoioao
000000N OO0C00000m fOol 0ooohoe0l iboont oo o obobooon 0T ao
O 0T A A
O0NO0OODO0DOmOnO0DOoCIoomO0000000IICOOINO0I0000000000000

100 000000 (iio0mOCn i00000Dom 0o0oooOorooD 000ooon ooao
000I0I00OI0A0 Do0ooo 0010000 oan 0w comeno] Ooo oo ool 0o boodm
O T 0
08 L A A M [

0000000 O0000000000010000DOI000i000 D 0N 00000l OO 0ol O o
0000000000 bO00O00000] 0001 000 00 0000 00000 000001000 00000000N CoD o0
000O00I00000EMInICO00000m C1010b00in0I0Do0In0n iooOooo D000
00000IooooIooOOi0o O0ltootofoinritboo CI0D0OnN Ooolcoloan
000000000omb0tOmoEnonoEooConbonomibooboCNobo0eooooon
(01 000007 oootooiomn 0oo boiooUou Moo foo O Coo jool 0o Lo oodo

Frontiers in Energy Research

0000000071 0007 DO00 Doxbo] o0 0B00oor bhootoConoto boto 000000
8 0 0 T
00000 0OD00MmI bOool O0i0000O0io6 Dot00000? bO0CO0000n 007 000000 bO00o7 o0
00000000 Cooon Dopoioow i0bO0ibon bobon boboiool bomnobobO o
0 0 0 0
I
I
I

00000007 000001 0000 bo0I0m boCioonobor Oitob0oo 00000 0o0onemoon
0100007 D00 0000000001000 0000 Cooo Doooooou bo0oon booomr oo
1100007 0000 0000000m: 0001 b0 Do000bo00I00: 0o0me00000 0o biooonooa
00000000 Dooomooan
0 0 T O A
1000000000000 0O0BI0NDo0oDoonoIb o0 roomo0moooot00mml
0010000000 i0o 00007 0100001 (D00l 0000D 000! D000 000000 Dooom
0000 000000 BOCE 0oono00n 000000000 0oo0Deo0: 100 o0 000D oo Oom
8 o M A R
0 T T
000000 Cooon 01 (000 OiDOm 0007 D080 0 00000000 00000000 000l 100 000
0000 00006 0000 (00ool o bol iotooeoool 0or boolooor tool boooan
1 0 WA O A
I
I
I
I
I

(onooIoDODO0bOInOCnInIb000I000I0000N 00000 0a0i0n oI 00000ma o
8 A0
0001000 Omreolbooboin coobobioom fop ool 0ib0oomoon o ioo
100000000 0000000 bo0CO0C000 0000 0t I000 I0000me0] 00000man Lo om
000000B00000NOI00000000I0Ii00m0000IOmmoOooonoboOOnamImen
0OmooCo0mo0im

3 Research review on technical
measures for reducing the power peak
- valley diference on the grid side and
analysis of the contribution degree to
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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
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3.1 Intelligent and orderly charging and
discharging of electric vehicles
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3.2 Grid-side intelligent dispatching
technology
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4 Research review on technical
measures for reducing the power peak
- valley diference on the goad side
and analysis of the contribution
degree to Shanghai
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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

10.3389/fenrg.2025.1538811

Research on optimal scheduling method of
power grid considering mutual aid of peak
regulation resources
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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
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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
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5.1 Pumped storage
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TABLE 11 Comparison of two peak regulation modes of pumped storage.
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TABLE 13 Comparative analysis of peak-shaving strategies under diferent urban contexts.
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Strategy Strengths Weaknesses Suitable city scales Suitable energy mixes
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FIGURE 4
Quantitative indicators of the expected efects of main measures on reducing the peak-to-valley diference at the end of the “14th fve-year plan“ (a)
and the end of the “15th fve-year plan“ (b).
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6 Summary of technical measures for

reducing the power peak-to-valley
diference 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 flling
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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.
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