ik B2 B ¥ H &K R
Energy Storage Science and Technology

| fEEERIE SRR |

e o 5] R AL O R S AR AL AR R B RUE R R R B 5 it R

7ot e, RN, RERYY R@EET, E:ET, SiENT2
e B k2 e TR S BERIE FE BT v S8 A M P 4 R B s %, Bt 1001905 2 [ st
BERFE TRERAFBE, st 100049)

T O A VBT BARTIARL Zu Bl AR ST M eI AT, R T @R A R E IR R ARE® ) £
GBAFETIBEAT. RIATFABRIE RN 0 KRN, SR EARPEMAR R EERARELS. BEERCE) .
BARBEERS, RAFDEIABEE ML EI A FAS . RIS NN EZHARERZ., ALRAELZEE
PRI ANk AB AR IR B R R AR R GAMET RAT Y. ATSRME. TLEETE
M Z R BN A RS R NIK, B4 T EER. BIHKR. AUAFAEBZNRAFESERNHT; LK
DA T BN B IR AR AR N A R AT KA TR E 5 @RS R R R R AR A R
SERE, WATZRAREI LA, wMEE. RABESG IO IRENRK RE4ERRENZEAH
HAAL . RAWR R, FUFELESABI TR =5 8 K. 50 BRSO AR b R
REPEB ARG MM G AL AR IR R R T2 29, AFHR ) A4EkE WK BAFEIL
Fow g,

XA SR EMRBURAEHG RO, R R E R AR A

doi: 10.19799/j.cnki.2095-4239.2026.0280

FEISES: TM73 XHRFRER: A NEHS: 2095-4239 (XXXX) XX-1-20

Progress on high-temperature solid particle thermal energy
storage coupled with deep flexible peak regulation technology
for coal-fired power units

Ql Ao"? LIU Jingzhang', HUANG Yu"2 SONG Guoliang"?, ZHU Jianguo"?, LIU Yuhua', LU
Qinggang"?
('State Key Laboratory of Coal Conversion, Institute of Engineering Thermophysics, Chinese Academy of
Sciences, Beijing 100190, Beijing, China; *School of Engineering Science, University of Chinese Academy of
Sciences, Beijing 100049, Beijing, China)

Abstract: Driven by the "dual carbon" goal and the integration of high-proportion renewable
energy into the power grid, the transformation of coal-fired power units toward deep flexible
peak regulation has become critical to ensuring power system security and stability, as well as
improving renewable energy accommodation. Featuring high thermal energy storage density,
wide temperature adaptability, and low cost, high-temperature solid particle thermal energy
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storage technology has emerged as an important technical route to realize thermoelectric
decoupling and enhance peak regulation capability when coupled with coal-fired units. This
paper systematically reviews the research progress of high-temperature solid particle thermal
energy storage coupled with deep flexible peak regulation technology for coal-fired power
units. Firstly, the characteristics and research status of three categories of thermal storage
media—natural minerals, synthetic ceramics, and industrial solid waste-derived materials—
are summarized, along with the technical features and application scenarios of reactors
including fixed bed, moving bed, and fluidized bed. Secondly, the technological breakthroughs
of pulverized coal boilers and circulating fluidized bed boilers in rapid load variation and low-
load stable combustion are analyzed. Furthermore, focusing on typical domestic and
international demonstration projects, the engineering application effects of the technology in
industrial energy consumption, power grid peak regulation, civil heating and other scenarios
are elaborated. Finally, three key directions for future breakthroughs are proposed:
performance optimization of high-temperature materials, collaborative system integration, and
improvement of industrial standards as well as large-scale demonstration and promotion. The
maturity and popularization of high-temperature solid particle thermal energy storage coupled
with deep flexible peak regulation technology are expected to provide important support for
the low-carbon transformation of coal-fired power units and lay a solid foundation for the
construction of a new-type power system and the achievement of the "dual carbon" goal.

Keywords: high-temperature solid particle thermal energy storage; coal-fired units; deep

flexible peak regulation; renewable energy accommodation
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Table 2 Thermal storage materials and their characteristics
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Fig. 3 Schematic diagram of a solid particle fixed-
bed thermal energy storage system

122 BBR&Na

SERWRLTENRE RO, M B PR IS H B
PR 5y UKL filk HARDRE R R HUARE ,  RIOREA) 1 5 5
JIEEES, 5 IE R E R B A, A
AU EWE 4. H TSR g AL AR
MEUERA. ERAONE, MR RETS
FPRAL . BB, BLRBURLIRE 5 % FA T A % FAVRY
PESE . Hertel S5 X /K18 S MI R S PR A He s
WL AR SRAGE A R i e AR B as R, &
S BT 12 AR TR £ A% P R B0 SR Bt v )
o AU SR BORZ AT 3%; Guo 5™
B XS A% 3 PR 558 LT JR 1R < b v RIURL I A% 4 5K
%, KRS TR RS AR R, Bk
FRalR A Al aR AR R R JE 2 R R AR A
TSR ] Pt R A% 2l R A 2L B DR U A A A L T
715 Mishra S50 g 7 5SS Bl RS Fe i i ds T
KA E AL GRS N B 15 1) YRS A% i
B, W FER IUZ AL SR SR A AR A
CSHS 1y BLTt, DU 2 At i g A m K §E It
BB B PRI e e B vt UK S TR A B
ZHrE.
1.2.3 WK S A8

AR A — AT A5 [ 0K A AR T 2 3L
KA H R BCTE AR, KN T
S R SRR A S e A, BEWS S 2 Sl U B
Hefi 5 NS RE . SEGUHTER . BRI EIK
FHLE, PACPR BRI AL T FF SR IZ B IRES, AR
R SR THRIURL 5 A TR I 2 TB) R, B

g AR

A

El4 EEBRBKERRGREE
Fig. 4 Schematic diagram of a solid particle moving-
bed thermal energy storage system
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Fig. 5 Schematic diagram of a solid particle
fluidized-bed thermal energy storage system
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Table 3 Comparison of high-temperature solid particle thermal energy storage reactors
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Table 4 Research progress on improving load response rate of pulverized coal boilers
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Table 5 Research progress on low-load stable combustion of pulverized coal boilers
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Fig. 6 Technical route of deep flexible peak regulation for circulating fluidized bed boilers®!
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Table 6 Research progress on deep flexible peak regulation of CFB boilers
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Table 7 Typical international high-temperature solid thermal energy storage devices and projects
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Fig. 7 Schematic diagram of the horizontal packed
bed thermal energy storage system in France®™
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Fig. 8 Flow chart of particle heating cycle driven by
T100 waste heat at King Saud University, Riyadh,
Saudi Arabia®™
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Fig. 9 Flow chart of high-temperature solid particle
thermal energy storage system in Spain"*”
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Fig. 10 Diagram of a solid thermal energy storage system with sCO, power cycle in Germany
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Table 8 Typical domestic high-temperature solid thermal energy storage devices and projects
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Fig. 11 Ultra-high temperature carbon-based solid

thermal energy storage device from CLDR of CHN
Energy"®
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Sciences!"™
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Fig. 13 Schematic diagram of the pilot plant by
Tsinghua University and Ordos Laboratory"*
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