55 50 45 5 P2 R 2 Eird Vol.50 No.5
20254 5 H JOURNAL OF CHINA COAL SOCIETY May 2025

I B L4 3 SR M FE AR X RUOE 2% P B 5 1E FR M B AL AR 5

AEE, BENY, BRE, A6, FEa % FLE 8 E A

(1. ERLEBE T ARSI T B i SRR A A 4 [ 5 52362, dbat 1001905 2. ISE LT (BERT) AT BRA T, S8l FEFRIGEE 0100105
3. P EBRERE RS TRRRE2BE, ALt 100049)

OB EDRE, R ARERGTEARB R LIRS Y, I LIRS RGET D ZHA
W RGERNERRRE, AP, AR EREIAG R ERHENAEERZZ—, BA, T
BEB AL R I AR (RARIZAT R AT, K AT R Ao B S0t R) 69 KB RBTII, 122Kk
KEBPFTERGEUS IR T E, ABERX -, EE6F BRI 52 =45 Fe o) £ -5
a9 sk 1 A Python #& 3 M T B w ALLLIAMERE 3 AL A . sbdl, AR F X RS E R
Ko & Ay B, EaAPEAR RS KT, e AL E RE RIKEAT R, ERAMTRES LS
BFIE F A9 ATR AT T oM. FREREAN: EZRXBRAEENFTREMGT, MAEK L
FAKIEAT QAT A AR, 45 BARIEAT R AT ALK 8] (10%) P BT Ak 7= 2 09 R 08 2 38 32 85 F I,
19 % FARIEAT A 47 W 30% £ 20% B, F3 e ROk 209 245 R 64 ik 332 R 3 ASF RO A %
B0 4.88%, PEBALLLE R ATk BRI T sk BE AT R G ATk S 69 FAE R, BB daa
T i 5k Fik 3] 6% Pe/min B, 5 RMEBEAR, T R LY QAT F T AR B 35%, K
&N UL B B BT IR e Ak, R4 R FhRT I EALR A A (1h) AT S E AR AL w88 %, L e
FhatA s 4h % E 1 h, FLAE B HATRAFOMEEY 15.9% 38K £ 60.4%.,

K BRA: DL AU SR AE A 5 B AR b 2 P47 Python; KUE K 2 8

RESES . TKOl  XEFEES: A XEHS:0253-9993(2025)05-2752—-09

Quantitative study on role of flexibility index of coal-fired power units in regulating
wind and solar power generation

LIU Yuhua', LYU Qinggangl’ ’,GAO Zhengnan2, ZHU Shujunl, FU Jinmingl’ ’,
ZHANG Wei’, GAO Ming', CHAI Zhen'

(1. State Key Laboratory of Coal Conversion (Institute of Engineering Thermophysics, Chinese Academy of Sciences), Beijing 100190, China; 2. Inner Mon-
golia power (group) co., LTD, Hohhot, Inner Mongolia 010010, China; 3. School of Engineering Science,
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Within the swift progression of renewable energy, particularly wind and solar power, enhancing the regulatory
capacity of supporting power sources is crucial. This serves as a vital assurance for the development of new power sys-
tems. A significant approach in this regard involves fully harnessing the flexibility potential of coal-fired power units. Cur-
rently, there is a growing demand for enhanced flexibility indicators in coal-fired power units, including the minimum op-

erating load, load change rate, and start-up time. However, methodologies for quantitatively analyzing their regulatory im-
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pact on wind and solar power generation remain under developed. To address this issue, a computational model is de-
veloped for the peak shaving capacity of coal-fired power units. This model is constructed via the Python language and
considers both the temporal production characteristics of wind and solar energy as well as power balance. Additionally, the
operational characteristics of coal-fired power units are examined at minute-level time intervals. This analysis is conduc-
ted using the actual wind and solar power generation curves of a region in Inner Mongolia as a case study. The investiga-
tion focuses on the impact of varying minimum operating loads, load change rates and start-up times on the operating char-
acteristics of these units. The findings suggest that, given the wind and solar power installations and resources in this re-
gion, as the minimum operating load of coal-fired power units decreases, the incremental rise in wind and solar power con-
sumption with the unit’s minimum operating load change range (10%) progressively diminishes. Nevertheless, when the
minimum operating load decreases from 30% to 20%, the enhanced wind and solar power consumption can still account
for 4.88% of the total annual wind and solar power generation in this region. The enhancement of the damping effect on
system load fluctuations can be achieved by increasing the load change rate of coal-fired power units. Specifically, when
the load change rate reaches 6% Pe/min, it results in a reduction of the annual average change rate of the total system load
by 35%, compared to scenario where there is no coal power involvement. As the start-up time for coal-fired power units
decreases, the proportion of wind and solar power consumed during the change interval of 1 h increases. Furthermore, the
likelihood of a single day witnessing both unit start-ups and shutdowns increases from 15.9% to 60.4% when the start-up
time decreases from 4 h to 1 h.

Key words: coal-fired power unit; peak shaving capability; temporal characteristics; power balance; Python language;
wind and solar power generation consumption
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Fig.1 Typical wind and solar output curve for the region
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