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BEHA BAF 2 T 80 s M IR Rl g . 4 s 5
A HOR  Zhou SF NN Swish TR o6 B
B TR BB 2 o] Bk TN DG AR & H A AR e oK T
TN 45 2R, >R FH 5 A 27 2] B30 SR A it A ) 2 AR AL, 3K
Ao o LV B2 SRS, 55 IR A B R IR AR L s AL
> BERSR At o TR A0 T 6. 17 00 SR AR R A I AR
3.13% , TEW] AR RR IR A i DR A TR 1 R B 3 L
FOLR R H ™ L ORI T T AR R IR A 22
ek L o 28 A X — () L, Shams 25 A fifi FHAS ] 2%
T HL 88 % 2 (Machine Learning, ML) J5 ¥ JF & Fil
W73, I35 F B 7% (Hold-Out, HO) 138 X 55 3iF



$¥37H HoW

AN TR AR

I 2 G0 B AR AL T 243

(Cross-Validation, CV) J5 & 17 AL 78 T A 15 7Y
Hr, B HL £ Ak (Random Forest, RF) #& % i ] 5% 22
/N,

B T A B TR A H R Y P R G, £ g
I ZR G DI R4 T A R R AN T S B, TR O B X £ R
R GEA R B IR Z (B A FE I [A] 25 JB] BB 22 5, 255
B A VAU i AR A I P ] 4 R R ) F 5
AR FELET M,
2.3 “FiE-R-RTRERRERSRKET

NG R T B 25 ) R A5 AT R AR AR I A R
A TH I B Pk A . PRI Sy B R % 22 AT o AT
A REIRE AR 5 ALK RGEM LS G e — DA UT
Br AT LA (A1 B B8 T, 34 RE A 2F W] A2 kR
SR, TS BA AR [ AR AR B R G456 il iz 1748 #L A
P MG S Ak N T R R EE . K, W]
AERETR Y PR 5 OB R Gy A B4R
B I 0 LAk B AT R g 2 O 2,

Peng % \"% 5T Stackelberg 21T T £
RE R 2 40 1Y AR L B R AR IB 1T 40 B . % T
TR RGBT BRI AE 7 AR R A AE A R
FERURE HE R AR5 AE PR DT RE . XA RGERYS -
HL S, 22 BB B AR5 08 R I 2% — 0 48 A it P R A B A
AT 7L, I X BRI O A o3 A 52 B T R A
ZHERG S F R G ZE B s -4, 255 %
A FN Y K A%, Gimelli 25 A7 58 3 B ik g 5
PRI 7 ZR G 1 4R I F S — R e 19 7 R T Ak
IR& CHP-BESS F 4t (FAHLIK ™ - HL th fiff BB &R 40) 1Y
AR B I TR AR 45 . Wu 48 AW RUK B
B PRI T RGN RN S, T IR A T
FA) DU Ao O BH B #R AR ISR I, e 2 B M T — A 10 4
JIL TR W 12 R W B 6% 4R N 2 19 KR BHBE A B . Duan
SENDIIET 8 A R SR S e A, HE ST T — AN
FHBY 22 58 4 AL AR B, JF- F) T Z A R 4R 15 1 K B
AEAT B 600 MWe i it SR BE L ) o R G A2 A [F)
T LT M R . Wang & N R T B )
FHATT 28 18 B P AT R, AR A T 4R Bl 5 I 2%
v A1 20T AR BR U H RE A ik 5 P RE AE £ R OT 1Y I
R R S,

B A, 27 AR R U T R IR A A R T
B 255 Y, I Ty 2R R R S B B A A ik — 201k,
PRI o o ke TR AT 5 B E — 20 A 57 AT A= R IR 17 A Y
HERR T J7 v IR LR & B IR & U L RE IR CR B
R i B 52 2% 2R AR R

3 ZitERE

BEREAS S TEBRMES . b Tk
RE LML IO, A A7 BE UL 1] 355 775 B UL 7%, b T 0 s
BT A bR S BB R, R A T AR
A LA RUASE I 94 T 1 A BE IR K WL L AT B T A R
S MERT . H AT, KB R R R S S T
o PR A AR 32 B 4 F AR K L A R
BRHEALRE AL A= il /A o dh A2 S5 AR, B 5 s
FTHRIRAFAE T 22 PR 75 B A A 8 O iR 155 fiff e Y O
SRR AHE B A AT A O B L AL I B R
AR BRRHIAA KRBT 40 S v & X KT8] g IR
ZEFFIER = MR RINGa B BLE . &
N S R TR Al U U= VAR i R R
7 Z e 8 85 LA 32 A7 3 2 I8 15 8 Y of g 0
TP A BE VR A H o O T FE R S B LA O fE TR
A P R 5 Ak T AR T A R B R DT I A
RERE. B2 JFPREEREAL S TR
B BOR L it D TP A R YRR M 9 A % Ak T A R
BT 3 S B XU H b BT A E R B

-l
o3

B B EAMN  RAB . KEF IR FINE
PEF & LFE LY YRR S T

[1] Suman A. Role of renewable energy technologies in climate
change adaptation and mitigation: a brief review from Nepal.
Renewable and Sustainable Energy Reviews, 2021, 151
111524.

[2] Rissman J, Bataille C, Masanet E, et al. Technologies and
policies to decarbonize global industry: review and
assessment of mitigation drivers through 2070. Applied
Energy, 2020, 266. 114848.

[3] Chertkov M, Andersson G. Multienergy systems.
Proceedings of the IEEE, 2020, 108(9). 1387—1391.

[4] Shih CF, Zhang T, Li JH, et al. Powering the future with
liquid sunshine. Joule, 2018, 2(10): 1925-—1949.

[5] Service RF. Liquid sunshine. Science, 2018, 361 (6398):
120—123.

[6] Kojima H, Nagasawa K, Todoroki N, et al. Influence of
renewable energy power fluctuations on water electrolysis for
green hydrogen production. International Journal of

Hydrogen Energy, 2023, 48(12): 4572—4593.



244

o R

Ht

4 2023 4F

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Ager JW, Lapkin AA.

Chemical storage of renewable
energy. Science, 2018, 360(6390): 707—708.
Smith C, single-pass

Torrente-Murciano L. Exceeding

equilibrium  with integrated absorption separation for
ammonia synthesis using renewable energy—Redefining the
Haber-Bosch loop. Advanced Energy Materials, 2021, 11
(13): 2003845.

Bhattacharyya R, Misra A, Sandeep KC. Photovoltaic solar
energy conversion for hydrogen production by alkaline water
electrolysis: conceptual design and analysis. Energy
Conversion and Management, 2017, 133 1—13.
Khalilnejad A, Riahy GH. A hybrid wind-PV system

performance investigation for the purpose of maximum

hydrogen production and storage using advanced alkaline

electrolyzer. Energy Conversion and Management, 2014,
80: 398-—406.
Bicer Y, Dincer I. Development of a new solar and

geothermal based combined system for hydrogen production.
Solar Energy, 2016, 127 269—284.

Islam S, Dincer I, Yilbas BS. System development for solar
energy-based hydrogen production and on-site combustion in
HCCI engine for power generation. Solar Energy, 2016,
136: 65—77.

Arora P, Hoadley AFA, Mahajani SM, et al. Multi-
objective optimization of biomass based ammonia production-
Potential and perspective in different countries. Journal of
Cleaner Production, 2017, 148. 363-—374.

Morgan E, Manwell J, McGowan J. Sustainable ammonia
production from U. S. offshore wind farms: a techno-
economic review. ACS Sustainable Chemistry &. Engineering,
2017, 5: 9554-—9567.

Verleysen K, Coppitters D, Parente A, et al. How can
power-to-ammonia be robust? Optimization of an ammonia
synthesis plant powered by a wind turbine considering
operational uncertainties. Fuel, 2020, 266. 117049.

Ardo S, Fernandez Rivas D, Modestino MA, et al
Pathways to electrochemical solar-hydrogen technologies.
Energy &. Environmental Science, 2018, 11 (10):
2768—2783.

Rouwenhorst KHR, Ham AVD, Mul G, et al. Islanded
ammonia power systems: technology review & conceptual
process design. Renewable and Sustainable Energy Reviews,
2019, 114.: 109339.

Cinti G, Frattini D, Jannelli E, et al. Coupling Solid Oxide
Electrolyser (SOE) and ammonia production plant. Applied

Energy, 2017, 192:. 466—476.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Lonis F, Tola V, Cau G. Renewable methanol production
and use through reversible solid oxide cells and recycled CO,
hydrogenation. Fuel, 2019, 246. 500—515.

Bos M, Kersten S, Brilman D. Wind power to methanol:

renewable methanol production using electricity, electrolysis

of water and CO, air capture. Applied energy, 2020,
264. 114672,
Chen C, Yang AD, Banares-Alcdntara R. Renewable

methanol production: understanding the interplay between
storage sizing, renewable mix and dispatchable energy price.
Advances in Applied Energy, 2021, 2. 100021.

Sarp S, Gonzalez Hernandez S, Chen C, et al. Alcohol
production from carbon dioxide: methanol as a fuel and

chemical feedstock. Joule, 2021, 5(1): 59—76.

Younas M, Loong Kong L, Bashir MJK, et al. Recent
advancements, fundamental challenges, and opportunities in

catalytic methanation of CO,. Energy & Fuels, 2016, 30
(11): 8815—8831.

Hertwich EG, Zhang XP. Concentrating-solar biomass
gasification process for a 3rd generation biofuel.
Environmental Science &. Technology. 2009, 43 (11):
4207—4212.

A, BRI GRS Al Ak g @ik,
2020, 5(4): 76—77.

Gao Y, Neal L, Ding D, et al. Recent advances in
intensified ethylene production—a review. ACS Catalysis,
2019, 9(9). 8592—8621.

Jo. B3R SABIC FIAKTE G 1E I & i IR Z 1 2L . A
AL THAR 5235, 2021, 37(2): 48

TRARIE. ML R AN EC A RS 2l A AR i il e ke
A EAT., 2022, 53(9): 114,

Tullo A. The search for greener ethylene. Chemical &.
Engineering News. 2021, 99(9): 20— 22.

IR, WAE, AEgE, . KEH RS REE TERRS
WATH AT, BARE T, 2021, 41(7): 58,

Kong XB, Liu XJ, Ma LL, et al. Hierarchical distributed
model predictive control of standalone wind/solar/battery
power system. IEEE Transactions on Systems, Man, and
Cybernetics: Systems, 2019, 49(8): 1570—1581.

Zhu'Y, Tong QL, Yan XX, et al. Optimal design of multi-
energy complementary power generation system considering

fossil energy scarcity coefficient under uncertainty. Journal

of Cleaner Production, 2020, 274, 122732.



EHEYE I A ] A4 TR R TR R S A MR BR AL T 245

[33] Liu ZQ, Cui YP, Wang JQ., et al. Multi-objective [37] Gimelli A, Mottola F, Muccillo M, et al. Optimal
optimization of multi-energy complementary integrated configuration of modular cogeneration plants integrated by a
energy systems considering load prediction and renewable battery energy storage system providing peak shaving
energy production uncertainties. Energy, 2022, 254. service. Applied Energy, 2019, 242. 974—993.

124399. [38] WuJJ, Han YR. Integration strategy optimization of solar-

[34] Zhou KS, Zhou KL, Yang SL. Reinforcement learning- aided combined heat and power (CHP) system. Energy,
based scheduling strategy for energy storage in microgrid. 2023, 263: 125875.

Journal of Energy Storage, 2022, 51: 104379. [39] Wang JX, Duan LQ. Yang YP. et al. Study on the general

[35] Shams MH, Niaz H, Hashemi B, et al. Artificial system integration optimization method of the solar aided
intelligence-based prediction and analysis of the oversupply of coal-fired power generation system. Energy, 2019, 169:
wind and solar energy in power systems. Energy Conversion 660—673.
and Management, 2021, 250: 114892. [40] Wang JJ, Lei T, Qi XL, et al. Chance-constrained

[36] Guo TY, Li P, Wang ZX, et al. Integrated modelling and optimization of distributed power and heat storage in
optimal operation analysis of multienergy systems based on integrated energy networks. Journal of Energy Storage,
Stackelberg game theory. Energy, 2021, 236: 121472. 2022, 55: 105662.

Low-carbon Chemical Processes Based on Smart Energy Systems

. . 1, 2% . 3
Xiangping Zhang Bin Hai
1. Institute of Process Engineering » Chinese Academy of Sciences, Beijing 100190
2. College of Chemical Engineering and Environment , China University of Petroleum-Beijing , Beijing 102249

3. College of Chemistry and Chemical Engineering s Henan University , Kaifeng 475000

Abstract The target of “dual carbon” promotes the low-carbon transformation and upgrading of the
chemical industry. And clean energy will gradually replace fossil energy as the main body for the supply of
chemical process energy, thus the electrification of the chemical process becomes an inevitable trend. Clean
energy, mainly wind and solar energy, has strengthened the characteristics of randomness, volatility, and
intermittency., but the entire process of a chemical process, whether “energy supply” or “energy
withdrawal”, must ensure continuity, stability, and safety. How to realize the new energy-based combined
heat and power supply and the chemical process to match the interface has become a major problem to be
resolved. Taking solar tower heat/power as an example, the integration of an energy supply system with
crude oil catalytic cracking and chemical production, which requires the development of high-efficiency
power/heat storage materials and systems, heat exchangers and artificial intelligence-based electric and
thermal load co-regulation systems, realizing efficient energy utilization and intelligent management of the
whole chain of “production-storage-regulation-use”. It will grow up to be a new paradigm of future low-

carbon and carbon-negative chemical processes.

Keywords low-carbon chemical industry; smart energy system; integrated optimization; clean energy;

coordination control
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