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A B S T R A C T

A comprehensive review of the thermal power industry and the accurate forecasting of carbon emissions can
provide valuable information to improve energy efficiency and act as a tool for policy makers to realize
sustainable and low-carbon emissions from the thermal power industry. In this paper, we study the low-carbon
development of China's thermal power industry based on an international comparison from three perspectives:
review, analysis and forecast. Initially, we review both the international and national energy consumption of
China; although gaps in energy efficiency still exist between China and countries with advanced thermal power
technology, China's thermal power industry is gradually following a low-carbon development route. Then, we
analyze low-carbon technologies for thermal power units, including ultra-super-critical technology, integrated
gasification combined cycle technology, and carbon capture and storage technology and present a design for
environmental protection technology for thermal power units. Carbon emissions should be effectively and
successfully handled to improve the prospects of China's thermal power industry. Therefore, this paper forecasts
carbon emissions by using a hybrid grey model that is optimized by the firefly algorithm and adjusted by
weakening buffer operator based on the calculated carbon emissions. If China's carbon emissions from the
thermal power industry increase according to the present rate, China will have difficulty in realizing its carbon
reduction target by 2020. Finally, related future policies for the 13th Five-Year Plan of China are proposed based
on low-carbon policies around the world with regard to financial, technological and industrial aspects to help
the thermal power industry achieve healthy and low-carbon development.

1. Introduction

Electric power, which is an essential component of the energy
industry, has become a crucial tool to support the development of
society and promote human civilization with the stable and continuous
growth of the world economy. According to the Statistical Review of
World Energy [1], the world's electricity consumption increased by
17% from 2009 to 2014, with a 52% increase in China and only a 4%
increase in America. Since 2011, China's electricity generation has
surpassed that of America, and China has become the largest producer

of electric power in the world. Based on the International Energy
Agency (IEA), thermal power generation, which is the main source of
electricity in many countries [2], is a major contributor to the supply of
electricity and increase in demand for global primary energy [3,4],
which occupies a proportion of 67.4% (as shown in Fig. 1 [5]). Thermal
power involves burning fossil fuels, including coal, gas and oil, and
their shares are 41.3%, 21.7% and 4.4%, respectively. The total
renewable power comprises 22.0%, with 16.2% hydro power, 2.9%
wind power, 1.8% bio-power, 0.7% photovoltaic and 0.4% other
renewable power. Since 1973, coal-fired power generation has re-
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mained stable at around 40%. In fact, nearly half of all coals are used to
generate electricity. The coal storage on Earth is very rich, especially in
China, Russia and America (as shown in Fig. 2 [6]). The global coal
storage is estimated to be nearly 13,609 billion tons. Compared to the
proven exploitable reserve, only a small proportion has been exploited.
According to the annual output of global coals in recent decades and
future proven exploitable reserves, the amount of global coals can be
exploited for at least another two or three hundred years.

Because of its extensive resources, coal still dominates energy
production and consumption throughout the world. Therefore, coal-
fired power generation will remain in a dominant position that cannot
be replaced in the short run, and other types of energy all play a
supportive role for the following reasons:

1. Thermal power has a long history with complete infrastructures. The
coal industry has experienced highs and lows in recent decades.
Before 2006, the annual coal-fired power generation capacity was
20–25 GW. However, by 2015, this number had increased by 84 GW
in the global electricity field. Since 2010, 33 countries have built new
coal-fired power plants. According to the IEA, nearly 473 GW coal-
fired power plants have become operational from 2010 to 2015.
Specifically, until 2012, the coal-fired power generation capacity that
was under construction in Europe had surpassed the gas-fired power

generation capacity that was under construction. Additionally,
Germany, a global pioneer in environmental protection, had in-
creased its coal-fired power generation capacity by 8.5 GW in three
and a half years. Holland, Poland and the Czech Republic also
developed coal-fired power generation. Some countries are planning
to build more coal-fired power plants. According to the World
Resources Institute (WRI), approximately 1500 coal-fired power
plants will be produced with an installed capacity of nearly
1086 GW. Among them, approximately two thirds are in China
and India, while the rest are spread across 59 other countries.

2. Thermal power technology is relatively mature. On the one hand,
mature thermal power technology can decrease costs compared to
other types of energy, which apparently enhances the competitive-
ness of thermal power. On the other hand, with the development of
science and technology, related technologies to reduce the emissions
of pollutants have been researched and developed. For example,
people have begun to utilize super-critical thermal power units with
high efficiency and low pollutant emissions.

3. In addition to the unique advantages of thermal power, the limita-
tions of other types of energy sources are obvious. The supply of
electricity should be steady; however, hydro power fails to meet this
requirement because this source is easily affected by the climate,
such as droughts. For nuclear energy, the development cost is
enormous with low heat efficiency and serious pollution. In terms
of renewable energy, such as wind, abandoned wind power has
become the bottleneck of wind power's sustainable development [7].
Until 2015, China had exceeded the European Union and become
the country with the largest installed wind capacity, occupying
nearly a 50% share throughout the world. However, the issue of
abandoned wind has plagued China. In 2012, this phenomenon was
the most serious, with a rate of abandoned wind of approximately
17%. Thanks to policy guidance and active adjustment, the rate of
abandoned wind decreased to 11% and 8.5% in 2013 and 2014,
respectively. Nevertheless, the rate of abandoned wind increased to

Fig. 1. Sources of global electricity generation in 2013.

Fig. 2. The global coal distribution.
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