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Foreword

China Solar Thermal Alliance (CSTA) is a non-profit organization that supports and promotes the development of
the concentrating solar power industry and technologies with the strength of all CSTA members including universities,
institutes, and industry participants.

The Blue Book of China’s Concentrating Solar Power Industry 2023 (Chinese version) was completed on January
2024 by CSTA and the Concentrating Solar Power Committee of China Renewable Energy Society (CRES) to provide
reference for the industry and policy makers.

The Chinese version of the Blue Book was prepared by Prof. Zhifeng Wang, Prof. of the Institute of Electrical
Engineering, Chinese Academy of Sciences, and Ms. Fengli Du, CSTA secretary-general, reviewed by the Expert
Committee of CSTA, and approved by Academician Prof. Yaling He for release.

To help the international community understand the general development status of China’s concentrating solar
power industry, we have translated the Blue Book into English. Please understand that the English version may contain
certain unintended errors or omissions.

CSTA reserves all rights, including copyright, with respect to this Blue Book. The information and data contained
herein can be read or used for reference. Material in this publication that is attributed to third parties may be subject to
separate terms of use and restrictions, and appropriate permissions from third parties may be required for any use of
such material.

Where any text, data, or figure herein is reprinted or cited, the source thereof must be cited as: Blue Book of

China’s Concentrating Solar Power Industry 2023, China Solar Thermal Alliance (CSTA), Beijing, 2024,

Zhifeng Wang,
Chairman of China Solar Thermal Alliance

Prof. of the Institute of Electrical Engineering, Chinese Academy of Sciences
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Chapter I Overview of Concentrating Solar Power

1.1 Principles of concentrating solar power systems

Concentrating solar power (CSP) systems, also known as solar thermal electricity (STE) systems, are systems that
generate electricity by converting solar energy into thermal energy and then converting heat (thermal energy) to work
" Such systems are mainly characterized in that they can generate electricity stably through solar concentrators and
receivers at the front end in combination with synchronous generator sets and binary nitrate salt thermal energy storage
(TES) system (or any other TES system) at the back end.

Depending on solar concentration modes, commercially applied CSP svstems can be classified into three main
types, namely, solar tower systems, parabolic trough CSP systems, and linear Fresnel CSP systems. Solar tower systems
are point focusing systems, while parabolic trough and linear Fresnel CSP systems are line focusing systems. CSP
systems can use different heat transfer fluids (HTFs) as heat absorbing media. The most common commercial HTFs
are binary molten salt (also known as solar salt, which is a binary mixture of 60% sodium nitrate and 40% potassium
nitrate in the molten state) and thermal oil (a mixture of biphenyl and dipheny! ether). The operating principles of CSP
systems involving different HTFs and solar concentration modes are detailed in the following paragraphs. Solar tower
systems using molten salt as the HTF and parabolic trough CSP systems using thermal oil as the HTF are currently the

mainstream commercial CSP systems.
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Fig. 1.1-1 Three mainstream types of solar concentration
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A molten salt (MS) solar power tower system comprises four major units, namely, solar condensation unit, solar
absorption unit, heat (thermal energy) storage and exchange unit, and electricity generation unit, and it consists primarily
of heliostats, heat absorption tower, solar receivers, high-temperature (hot) and low-temperature (cold) MS storage
tanks, steam generators, and turbine-generator unit (TGU). The basic operating principle of such systems is described
below. Heliostats are arranged in a circular pattern around the heat absorption tower. By adjusting and controlling their
azimuth and elevation angles, heliostats reflect and focus beams of sunlight onto the central solar receiver at the top
of the heat absorption tower. The low-temperature liquid solar salt is transferred by the cold salt pump to the central
solar receiver where it absorbs heat and its temperature rises to 565°C, and the hot MS is routed to the hot salt tank for
storage. When electricity generation is required, the hot MS is transferred to the steam generator and exchanges heat
with water, generating high-temperature and high-pressure (HTHP) steam. The HTHP steam drives the turbine-generator
unit to generate electricity. After releasing heat in the steam generator, the MS is routed to the cold salt storage tank and

then recirculated to the central solar receiver to absorb heat.
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Fig. 1.1-2 Schematic diagram of an MS solar power tower system (Source: Cosin Solar)

In an MS solar power tower system, the molten salt serves as both heat transfer fluid and heat storage medium, and
therefore the operation mode of such system is simple. In the TES block, the solar collection and electricity generation
units are decoupled.

A parabolic trough CSP system using thermal oil as HTF mainly consists of parabolic trough collectors (which are
composed of solar concentrators and receiver tubes), a heat storage and exchange system, a steam generation system,
and turbine-generator units. The parabolic trough collectors are connected both in series and in parallel and arranged
in modules, forming a collector field. The basic operating principle of a parabolic trough CSP system is detailed below:
Solar concentrators track the sun through the single-axis solar tracking system and reflect sunlight onto receiver tubes to
heat the HTF in these tubes. The hot HTF undergoes heat exchange in the steam generator, producing superheated steam

that drives the turbine-generator unit to do work and generate electricity. The low temperature and low-pressure (LPLT)
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steam from the steam generator is condensed into liquid water in the condenser, and the liquid water is returned to the
thermal oil (HTF) steam generator where it absorbs heat from the HTF and evaporates into steam again. After releasing
heat in the steam generator, the HTF is routed back to the receiver tubes for heating, thus creating a closed circulation
loop. When the solar irradiance is high, part of the thermal energy (heat) of the HTF can be stored in the molten salt
tank after the HTF is routed through the oil-salt heat exchanger. When the solar irradiance is low, the thermal energy
stored in the hot salt tank can be transferred to the oil-salt heat exchanger to produce steam for electricity generation.
Similar to the case of MS solar power tower systems, the solar collection and electricity generation units in the TES
block of a parabolic trough CSP plant are decoupled, thus eliminating the impact of fluctuations in solar radiation on
the stability of the turbine-generator unit’s output and enabling the plant to be connected to the grid and engage in

electricity dispatch without reliance on solar radiation.
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Fig. 1.1-3 Schematic diagram of a parabolic trough CSP system (conventional process) (Source: Royal Tech CSP )

The conventional process of a parabolic trough CSP plant using thermal oil as HTF can be simplified through
the decoupling between the heat collection and storage process and the heat release and electricity generation process
to minimize the impact of fluctuations in solar radiation at the front end on the stability of electricity generation at
the back end. All of the heat collected by parabolic trough collectors in the collector field is circulated and transferred
via the HTF to the cold molten salt. After the cold molten salt absorbs heat, it becomes hotter and flows into the hot
salt tank for storage. At this point, the heat collection and storage process is complete. When electricity generation is
required, the hot molten salt in the hot salt tank is transferred by the hot salt pump to the molten salt steam generator,
where it releases heat to produce HTHP steam that drives the turbine-generator unit. After the molten salt releases heat
and its temperature drops, it is routed back to the cold salt tank for storage. At this point, the heat release and electricity

generation process is complete.
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Fig. 1.1-4 Schematic diagram of a parabolic trough CSP system (decoupled process) (Source: Royal Tech CSP)

In a parabolic trough CSP system, the molten salt used can also serve as the heat transfer medium (HTM). The
operation process of parabolic trough CSP systems is described below. The parabolic trough collectors track the sun and
collect solar energy to heat the molten salt flowing in receiver tubes. The molten salt that has absorbed heat 1s stored in
the hot salt tank. When electricity generation is required, the molten salt stored in the hot salt tank is transferred to the
steam generator, where it releases heats and exchanges heat with water, producing superheated steam that drives the
turbine-generator unit to generate electricity. After heat exchange, the molten salt is transferred to the cold salt tank for
storage.

An MS linear Fresnel CSP system consists of linear Fresnel collectors (LFCs) that form a Fresnel collector field,
hot and cold salt storage tanks, steam generator, and TGU. The Fresnel collector field comprises primary reflectors,
secondary reflectors, and receiver tubes. The basic operating principle of a linear Fresnel CSP system is described
below. Multiple rows of reflective mirrors (reflectors) are compactly arranged, forming a quasi-parabolic structure.
The primary reflectors, which can automatically track the sun, reflect direct solar radiation (beams) onto the secondary
reflectors above them, while the secondary reflectors reflect and focus solar beams onto the vacuum receiver tubes. The
solar energy concentrated in the vacuum receiver tubes heats the molten salt in these tubes, and the heated (hot) molten

salt 1s stored in the hot salt tank.
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Fig. 1.1-5 Schematic diagram of an MS linear Fresnel CSP system (Source: Lanzhou Dacheng )

1.2 Role and positioning of CSP

In the Action Plan For Carbon Dioxide Peaking Before 2030 issued by the State Council of the People’s Republic
of China, it is stated that China will build a new electric power system where the share of renewable energy resources
keeps increasing. In the Report to the 20th National Congress of the Communist Party of China, it is clearly stated that
China will speed up the planning and development of a system for new energy sources. At the Working Conference on
Ensuring Heating and Heat Supply in 2023 Winter and 2024 Spring held on November 16, 2023, the State-owned Assets
Supervision and Administration Commission of the State Council (SASAC) proposed to promote the construction of
peak-shaving power plants according to local conditions, increase investment in technological innovation, and speed
up the construction of a new electric power system where renewable energy sources play a dominant role *!. In 2023,
the installed capacity of renewable power plants in China reached 1.45 billion kilowatts (kW), accounting for more
than 50% of the total installed capacity of power plants in China and exceeding that of thermal power plants for the
first time in history ©!. With the rapid increase in installed capacity of renewable power plants, the demand for various
power sources for regulation purposes has been growing rapidly. At the 2024 National Energy Work Conference held on
December 21, 2023, emphasis was placed on continuously improving the capability to ensure energy security, speeding
up the construction of new energy and power systems, focusing on the implementation of actions to achieve the “dual
carbon” goals, continuously optimizing and adjusting the energy structure, strengthening efforts to improve the safety
and reliability levels of the replacement of conventional energy sources with renewable ones, and accelerating the green
and low-carbon energy transition '/

CSP is a green, low-carbon, and grid-friendly power source with dual functions, namely, peak shaving and energy
storage. It can regulate and support renewable energy with renewable sources, provide higher long-term peak-shaving
capability and higher moment of inertia for power systems, and serve as both peak-shaving and basic power supply
in some areas. In addition, CSP offers an effective way to safely and reliably replace conventional energy sources

with renewable ones, and it can provide effective support for speed up the planning and development of a system
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for new energy sources "' In the 14th Five-Year Plan for Renewable Energy Development issued by nine ministries
and commissions including the National Development and Reform Commission (NDRC), the National Education
Association (NEA) and the Ministry of Finance, it is clearly stated that China will orderly promote the development
of CSP with long-term TES capability; in regions with high-quality resources such as Qinghai, Gansu, Xinjiang, Inner
Mongolia, and Jilin, build CSP plants with long-term TES capability, fully leverage the capabilities of CSP plants in
thermal energy storage, load regulation and provision of support for power systems, promote the construction and
operation of CSP, wind power, and PV hybrid power plants, and improve the stability and reliability of renewable power
generation. Developing CSP can ensure renewable energy consumption and promote the grid integration of renewable
energy on a larger scale.

In the Notice of the General Department of the National Energy Administration on Promoting the Large-Scale
Development of Solar Thermal Power (March 2023), it is clearly stated that it is necessary to fully understand the
significance of large-scale development of CSP, give full play to the role of CSP in the new energy system where the
share of renewable energy sources keeps increasing, and strengthen efforts to speed up the planning and development
of a system for new energy sources. In the construction of renewable energy facilities, local energy authorities and
enterprises should fully leverage the peak-shaving capacity of CSP plants and determine the capacity ratios of renewable
energy bases or projects in a scientific and reasonable manner. Where conditions permit, provinces and regions are
encouraged to investigate and enact financial, pricing, land, and other policies supporting the large-scale development of
CSP as soon as practicable, plan the construction of 1,000 MW-scale and 10,000 MW-scale CSP plants in advance, and

take the lead in developing CSP industry clusters.

1.3 CSP-related policies enacted in 2023

Policy Enacted by Time Main content

Action Plan for
Promote the construction of demonstration projects for the simultaneous
Accelerating the . . .
production and comprehensive utilization of oil, gas and solar energy in
Integration and _ S .y
key regions rich in oil, gas and solar energy resources, such as Xinjiang,
Development March _
NEA Qinghai and Gansu, and make full use of solar energy concentration,
of Oil and Gas 2023
collection and storage technologies to supply clean heat through clean
Exploration and ) ) i
oil and gas production processes and facilitate the development of low-
New Energy

carbon oil and gas resources.
(2023-2025)
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