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Theoretical Model Exploration of New Power System with
High-proportional Hydropower

WANG Yongping"?, LIU Chang', XU Weiting', PAN Ting’, CHEN Yufan', HU Yalu'
(1.Sichuan New Electric Power System Research Institute, Chengdu 610041, Sichuan, China; 2. State
Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 3. School of Economics
and Management, North China Electric Power University, Beijing 102206, China)

Abstract : Focusing on the characteristics of rich endowment of hydropower resource in Sichuan and similar provinces, the
exploration for theoretical model of new power system with high-proportional hydropower ( HHNPS) is carried out. Firstly, the
development orientation and value connotation of HHNPS are analyzed. The basic connotation and correlation relationship of five key
elements of new power system, namely " source-grid-load-energy storage-intelligens" , are proposed and analyzed. And then, the
theoretical model framework of HHNPS is constructed and its evolution trend at different development stages are analyzed.
Finally, the basic ideas of initial exploration and practice for new power system in Sichuan are introduced, which can provide
a reference for the construction of new power system in similar areas nationwide.

Key words: high-proportional hydropower; new power system; theoretical model; key elements
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A Review of Typical Characteristics and Development Challenges of
New Power System Considering ''Dual Carbon' Goal

FAN Rongquan', YANG Yun®, XU Ke', XU Weiting'
(1. Sichuan New Electric Power System Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : The construction of new power system is an important measure to achieve the goal of carbon peak and carbon neutrality.
The differences between new power system and traditional power system are analyzed. Afterwards, the understanding of new
power system is discribed from multiple angles, and the typical characteristics of new power system are put forward. Finally,
the main challenges for the construction of new power system are analyzed from the management, economy and technology,
which will be a kind of reference for the planning and research of new power system.

Key words : carbon peaking and carbon neutrality; new power system; typical characteristics of " source-grid-load" side
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Research on Dynamic Control of Flood Limit Water Level to Improve
Complementary Capacity of Hydropower and New Energy

ZHANG Yangbo', ZHANG Shuai’, ZHU Yanmei' , HUANG Weibin', DENG Jingwei®, CAO Mingi’
(1. College of Water Resource & Hydropower, Sichuan University, Chengdu 610065, Sichuan, China;
2. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China)

Abstract : In water rich areas, the large amount of incoming water and hydropower generation during the abundant water period
are not sufficiently regulated, resulting in prominent hydropower-new energy consumption contradictions and greater difficulties
in complementary scheduling. In order to alleviate the contradiction between hydropower and new energy consumption during
the flood season, the flood water level is innovatively combined with new energy consumption, and the effect of dynamic control
of flood water level on the improvement of water-wind complementary capacity is discussed. A model with maximum source-load
matching under a certain abandonment rate is established, and a genetic algorithm is used to simulate the complementary system
consisting of " two reservoirs and five stages" downstream of Yalong river and the surrounding wind farms. This shows that
the dynamic control of flood limit water level can dynamically increase the available regulating reservoir capacity of hydropower,
thus enhancing the ability of hydropower to regulate the new energy.

Key words :flood limit water level ; complementary capacity; water and wind accommodation; Yalong river
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Fast Robust Optimal Dispatch of Multi-energy System Based on
Optimal Decision Tree

PENG Haojin', QIU Gao', SHUI Yue’
(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China;2. State
Grid Sichuan Technical Training Center, Chengdu 611133, Sichuan, China)

Abstract: The increasing penetration of new energy has caused challenges to the fast coordinated dispatch of multi-energy
systems, including overly conservative operation and low-efficient intraday dispatch. For this purpose, a fast and coordinated
dispatch method for multi-energy systems based on optimal decision tree-based distributed robust optimization (ODT-DRO) is
proposed. Considering the intraday economic dispatch of power grid, and in order to prevent the result from being too conservative,
the proposed model introduces probability distribution confidence set based on norm constraint, which precisely discribes the
uncertainties of new energy. At the same time, according to the intraday operation data of new energy, the interpretable
optimal classification tree and optimal regression tree algorithms are used to optimize the initial intraday decisions of the status
and output level of the units, thus solving the inefficiency problem in intraday rubust dispatch. Testing results of a power grid in
Sichuan show that the proposed method can balance the operational costs and the robustness, and meanwhile achieve the
fast coordinated intraday dispatch for multi-energy system.

Key words : distributionally robust optimization; multi-energy coordinated dispatch; data-driven technology; optimal decision tree
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Short-term Photovoltaic Power Forecasting Based on COOT-SVM
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Abstract:In order to improve the accuracy of short-term photovoltaic power forecasting, a short-term photovoltaic power
forecasting model based on support vector machine (SVM) optimized by coot optimization algorithm (COOT) is proposed. Firstly,
the data of a photovoltaic power station in the first 21 days of April and July in 2017 are selected for simulation analysis, and
the Pearson correlation coefficient between photovoltaic output power and each meteorological factor is calculated. And then
the total solar radiation intensity, solar scattered radiation intensity, solar direct radiation intensity, component temperature
and ambient temperature are selected as the input data of the prediction model, and the generated output of photovoltaic
power station is used as the output data. Through simulation comparison with BP and SVM prediction models, it is obtained
that for the data in April and July, the root mean square error, mean square error and mean absolute error of COOT-SVM prediction
model are smaller than those of BP and SVM prediction models. Therefore, the proposed COOT-SVM prediction model
can effectively improve the prediction accuracy of short-term photovoltaic power generation, which has high engineering
application value.
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Calculation Method for Power Flow of DC Power Grid with
Multi-voltage Levels Considering Influence of Control Modes

YE Xi', CHEN Zhen®, ZHU Tong', ZHANG Yingmin®, LI Baohong’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. College of Electrical Engineering, Sichuan University, Chengdu 610025, Sichuan, China)

Abstract: The DC power grid with multi-voltage levels can meet the requirements of voltage level in different regions to connect
to various energy sources and loads, and it is the development direction of future power grid construction. Power flow analysis
of DC power grid is the basis of grid planning, design and operation control. Compared with traditional power flow analysis,
power flow analysis of DC power grid with multi-voltage levels is more complicated due to its flexible control methods and diverse
operation modes. Taking into account the control modes of converter station, firstly, the DC power grid with multi-voltage
levels is partitioned, and the steady-state equivalent model for DC power grid with multi-voltage levels is established. Then,
the node admittance matrix and power flow equation are established based on Newton iterative method, and the power flow
calculation method of DC power grid is derived. Finally, a multi-terminal DC grid model is built based on PSCAD, which verifies
the validity and correctness of the proposed calculation method.

Key words: DC power grid; multi-voltage levels; control mode; power flow calculation
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Research on Dispatching Control Strategy Considering Distributed
Coal-to-Electricity Load Access to Distribution Network

HOU Zedong, WANG Xiaoyuan, ZHU Hong, JIAN Dongxiang, GUO Wei, XIE Wencheng, DUAN Deyi
(State Grid Turpan Electric Power Supply Company, Turpan 838000, Xinjiang, China)

Abstract ; The large scale load input of coal-to-electricity has caused a great load burden to the weak distribution network , and
during the peak period, the number of electric heating equipment used by users continues to increase and the use time gradually
extends, resulting in heavy load and overload operation of local stations and lines, which has brought threats to the safe and
stable operation of Turpan power grid. In consideration of grid frame for coal-to-electricity load access to distribution network,
the access mode and equipment types of coal-to-electricity project in Turpan are firstly investigated, and the standardized
configuration mode of coal-to-electricity and product classification statistics are established. Then, based on the equivalent
thermal parameter model of circuit simulation, the operating mechanism model of typical electric heating configuration mode is
established, direct load control (DLC) technology is studied for load control of coal-to-electricity conversion. Finally, the
heavy overload operation areas in Turpan that has completed coal-to-electricity conversion is analyzed, and the operation of
transformers is controlled within the boundary by the dispatching control strategy successfully, which does not affect the thermal
comfort of user heating.

Key words: dispatching control; coal-to-electricity conversion; grid operation safety; thermal comfort; DLC technology
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Research on Collaborative Optimal Allocation of District Thermal-Electric
Integrated Energy System Considering Thermal Network Power Flow

DENG Jingwei', CAO Mingi', CHAO Huawei', CHEN Dawei’, HU Tao’
(1. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China;2. College of
Electrical and Information Engineering, Hunan University, Changsha 410082, Hunan, China)

Abstract: As a "bridge" connecting inter-regional and user-side integrated energy systems, the coordinated configuration and
operation of a district thermal-electricity integrated energy system is a topic worthy of attention. A thermal network model
considering variable flow direction regulation operation is established, which is transformed into second-order cone form
by relaxed combination with penalty function. Further combined with other equipment and power grid flow models, a collaborative
optimal allocation model is established. The device configuration strategy under this model can simultaneously optimize
the location and capacity of multiple device access nodes. The results show that compared with traditional allocation strategies,
the allocation strategy that simultaneously considers both equipment capacity and node location can reduce equipment capacity
redundancy and lower planning and operating costs. The thermal network model with variable flow direction can provide
more flexible operation modes to increase the flexibility of equipment configuration and obtain configuration solutions with lower
costs.

Key words: integrated energy system; coordinated optimization; quantity regulation; mixed-integer second-order cone

programming
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Capacity Planning for Water-Hydrogen Integrated Energy Systems
Considering Hydro-electricity Hydrogen Production

LI Hua', TANG Yu', YANG Xinyu’, XIE Chuansheng', ZHANG Xiaochun', ZENG Bo’
(1. School of Economics and Management, North China Electric Power University, Beijing 102206,
China; 2. School of Electrical and Engineering, North China Electric Power
University, Beijing 102206, China)

Abstract : In order to promote the realization of dual-carbon goal, the combination of hydropower system with hydrogen energy
can improve the utilization rate of hydropower resources, reduce the cost of hydrogen production, and enhance the cleanliness
of energy system to help China realize the energy transition. To this end, a two-layer planning model for an integrated
water-hydrogen energy system considering hydro-electricity hydrogen production is constructed. In the upper layer, the goal
is to minimize the system cost and improve the system hydrogen production and storage capacity as well as fuel cell performance.
While in the lower level, the goal is to minimize load losses in daily operations to improve the utilization of all facilities in the
integrated energy system. By considering the objectives at both levels together, the design and operation strategy of the
system is optimized. Finally, an arithmetic analysis is carried out based on the actual operational data of a hydropower plant.
The results show that the establishment of hydrogen facilities reduces the system cost by 19.08% and the abandoned water flow
by 53.12% , which improves the utilization efficiency of hydropower plant, thus verifying the rationality and validity of the
proposed model.

Key words: hydrogen energy; hydro-electricity hydrogen production; optimal capacity allocation; integrated energy system;

k-medoids clustering algorithm
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Joint Planning for Energy Storage Systems and Line Capacity
Enhancement of Distribution Network Considering Installation
Area Limits of Distributed Photovoltaic

SHAO Chenying', LI Peilin', YANG Xinting”, LIU Youbo'
1. College of Elecrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China;
( g g g Y, g , , ;
2. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China)

Abstract: In order to solve the problems of photovoltaic on-site consumption and grid over-investment, a joint multi-stage
dynamic planning method of energy storage system configuration and line capacity enhancement in active distribution network
is proposed to cope with the increasing demand of load. From an economic standpoint, the photovoltaic consumption effect and
peak shaving allowance obtained by joint planning are taken into account, and the planning objective function is suggested. At
the same time, considering the installation area limits of distributed photovoltaic, a distributed photovoltaic development model
is provided based on the Logistic curve, and then the installed capacity and output of photovoltaic in every planning stage can
be predicted, which provides boundary conditions for the joint planning of energy storage systems and line capacity enhancement.
Finally, phase angle relaxation and second-order cone relaxation are adopted to achieve convex optimization of power flow
constraints and big-M approach is employed to obtain convexification of energy storage system constraints, resulting in
efficient model solution. Comparing the system operating indicators before and after joint planning in a real distribution area, it
can be seen that the system reliability after planning has a great improvement, and with the continuous access of distributed
photovoltaics, the photovoltaic absorption rate does not decrease but rises, which verifies the effectiveness and practicality of
the proposed joint planning method.

Key words : distributed photovoltaics; installation area limits; energy storage systems configuration; line capacity enhancement;

joint planning; multi-stage dynamic planning
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Research on Source-load Low-carbon Optimal Dispatching for
Microgrid Based on Deep Reinforcement Learning

FENG Wentao', LI Longsheng', ZENG Yu', PAN Kejia', ZHANG Ziwen', JING Zhiyuan®
(1. State Grid Sichuan Information and Communication Company, Chengdu 610041, Sichuan, China;

2. School of Mechanical and Electrical Engineering, University of Electronic Science and

Technology of China, Chengdu 611731, Sichuan, China)

Abstract ; Enhancing the proportion of renewable energy sources in energy supply becomes a significant initiative to realize a
low-carbon economy. A model based on deep reinforcement learning ( DRL) for optimal allocation of low-carbon economy
in microgrid is proposed to mitigate carbon emission and decrease electricity cost. Firstly, carbon emission flow theory is introduced
on which a carbon measurement model and a stepped carbon price model are constructed. Secondly, the low-carbon economy optimization
problem is converted into a Markov decision. Finally, the multi-objective optimization issue can be addressed utilizing DRL. The
experimental results demonstrate that the proposed approach is effective in boosting system economy and mitigating carbon emissions
by regulating the capacity of generating units and shifting the load.

Key words: carbon emission flow theory; stepped carbon price model; deep reinforcement learning
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Research on Multi-market Equilibrium of Electricity-Carbon-Green
Certificates Based on Multi-agent Reinforcement Learning

MA Tiannan', XIANG Mingxu®, WEI Yang’, LIU Chang"*, CHEN Yumin’

(1. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China; 2. School of Electrical
Engineering, Chongqing University, Chongging 400044, China; 3. State Grid Sichuan Electric Power
Research Institute, Chengdu 610041, Sichuan, China; 4. Sichuan New Electric
Power System Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; Towards the target of " carbon peak and carbon neutrality" and the development of new power systems dominated by
the renewables, the design of electricity market mechanisms plays a significant role in reducing carbon emissions and promoting
green and low-carbon development. The construction of carbon market and green certificate market is regarded as an effective
means to promote energy conservation and emission reduction in power systems. Researches on the coupling relationship
among electricity market, carbon market and green certificate market are of great guiding significance for designing cohesive
mechanisms of different markets and promoting carbon reduction and development of the renewables. With this in mind, the
coupling impact of carbon market and green certificate market on the equilibrium of electricity market is studied. Firstly, based
on the transaction rules of carbon market and green certificate market, bi-level optimization models for electricity-carbon
market, electricity-green certificate market and electricity-carbon-green certificate market are established respectively. Then,
the multi-agent deep reinforcement learning algorithm is utilized to solve the aforementioned equilibrium models. Finally,
simulations are conducted on the modified IEEE 30-bus system. The influence of carbon market and green certificate market on
the bidding strategies of generation companies and the electricity market prices are analyzed as well as the coupling relationship
between carbon market and green certificate market.

Key words: electricity market; carbon market; green certificate market; multi-agent deep reinforcement learning
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