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A B S T R A C T

Pollutants such as sulfur would concentrate in the source regions and thus the localized impacts are more
obvious. Local balance of electricity by transporting coal has resulted in dense concentration of coal-fired power
plants in load centers and caused severe environmental problems. Electricity relocation through interregional
transmission is another choice for energy transportation to achieve electricity balance across regions and pol-
lution mitigation. Using interregional electricity transmission (IRET) lines in China as a quasi-natural experi-
ment, this paper assesses the environmental impact of electricity relocation. In the assessment, the grid orga-
nization of “province as executor” in China is considered because it affects the sphere of IRET's influence on
pollution mitigation. Here we show the environmental benefits of electricity relocation. We find that, electricity
relocation through interregional transmission leads to the growth rate of sulfur dioxide (SO2) emission de-
creasing 7% in landing areas and Sichuan province benefits most from electricity relocation. It is interesting that
there is no significant increase of SO2 emission growth rate in sending areas compared to counterfactuals if there
had no IRET due to more integration of clean energy and improved emission efficiency in sending areas. Placebo
study and robustness check show that the results are quite convincing. Therefore, IRET provides an appealing
choice for China's environmental control in eastern region, and it is not necessarily at the cost of pollution in
western region. The methodology can be applied to assess the environmental impacts of other program or policy
elsewhere.

1. Background and motivation

In recent years, the growing concern about the environment has
revived interests in reducing pollutant emissions. In particular, the
substantial increase in sulfur dioxide (SO2) emissions is one of the main
contributors of haze and acid rain, especially in developing countries.
Accordingly, reducing SO2 emissions is regarded as the central issue for
dealing with environment degradation in many regions, including
Northern Europe, North America, and Asia which have been the three
large acid rain regions (Xie et al., 2004).

Globally, the emissions of coal combustion account for more than
50% of total emissions (Reddy and Venkataraman, 2002; Smith et al.,
2011). The proportions in developing countries are even larger due to
coal's dominance in their energy mix. Therefore, reducing emissions
from coal is believed to be an important path for SO2 mitigation and
environmental alleviation.

According to International Energy Agency, in 2011, 63% of total
coal is consumed by coal-fired power generation. Thus, power

generation by coal is the highest sectoral contribution to SO2 emissions
(Reddy and Venkataraman, 2002). Being different from greenhouse
gases (such as carbon dioxide), pollutants such as sulfur would con-
centrate in source regions and thus have more localized impacts (Stern
and Common, 2001). Historically, electricity supply and demand have
been locally balanced for each region. Thus, power plants concentrated
in load centers would induce intensive pollutant emissions.

Electricity relocation through interregional transmission provides
another choice for achieving electricity balance and pollution mitiga-
tion. On global level, interregional electricity transmission (IRET) can
reduce air pollutant emissions in electricity load centers for two rea-
sons.

• First, IRET can reduce coal demand for coal-fired power which ac-
counts for 63% of world's coal demand. Transmitting electricity
from sending regions to landing regions through IRET could reduce
the demand for coal in coal-fired power plants in electricity load
centers.
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• Second, electricity transmitted by IRET could further substitute the
other 37% of world's coal consumption from direct combustion in
load centers. Therefore, IRET can reduce air pollutant emissions in
electricity load centers, and also meet the requirement for energy
demand.

On the other hand, electricity transmitted by IRET is generated in
sending regions, which means more power plants are needed, so it
might also induce more air pollutant emissions in sending regions.
However, due to the following two reasons, it might be reasonable for
environmental alleviation rather than just moving pollutant emissions
from one region to another region.

• First, some of the electricity generated in sending regions comes
from renewable energy such as hydropower, wind power and solar
power. This can reduce the total air pollutant emissions (Abrell and
Rausch, 2016).

• Second, even if the electricity transmitted by IRET is generated by
coal-fired power plants, it is still not just moving the power plants.
Electricity industry has lower intensity in air pollutant emissions
because most of power plants have installed desulfurization, deni-
trification and dedust equipment (Liu et al., 2016). The majority of
the emissions comes from direct coal combustion by industries such
as steel, cement, etc. Thus, substituting coal to electricity through
IRET from sending regions to load centers can reduce the total
amount of air pollutant emissions by decreasing emission intensity.1

The 13 IRET lines that have been under operation in China provide
us a quasi-natural experiment to assess the environmental impacts of
electricity relocation. The mechanisms above are universal from a
global perspective. Also, the large scale IRET is economical and feasible
not only in China, but also throughout the world. As energy sources and
energy demand are not evenly distributed across regions, several
countries have taken steps in the development of IRET for electricity
relocation and renewable energy penetration, including the US, Russia,
Europe and China. IRET is also being implemented in Brazil and India
(Whitney, 2011). As proposed by the former President of China's State
Grid, with the world's increasing supply-demand imbalance in energy
and the profound change of energy mix, IRET will “play an even more
important role in constructing nationwide, cross-region, cross-border,
or even cross-continent interconnections” (Liu, 2015).

The objective of this paper is to propose a model to quantitatively
assess the environmental impact of electricity relocation by taking
China's IRET infrastructure as a quasi-natural experiment. To the best of
our knowledge, literature on the impact of electricity relocation on
pollution mitigation still remains rather sparse. Although the relocation
of energy resource geographically is still mainly achieved by coal
transportation, IRET is becoming a more and more important choice to
allocate energy resources under the constraints of environmental ca-
pacity and local environmental regulation. This motivates us to quan-
titatively evaluate the impact of IRET on air pollution mitigation.

Intuitively, the magnitude of impact can be measured by comparing
the actual pollutants emitted by load centers with what would have
been emitted if there had been no IRET. However, the latter cannot be
observed directly because it is counterfactual.2 Difference-in-Difference
(DID) is a widely used method to program and/or policy evaluation

which constructs the counterfactuals replying on the similarities be-
tween treatment group (landing areas of IRET in this paper) and control
group (surrounding areas without IRET). DID method enables us to
assess the impact of IRET on air pollution mitigation using China as a
case study. It should be noted that the methodology used in this paper
can be applied to assess the environmental impacts of other program or
policy elsewhere.

The rest of this paper is organized as follows. In Section 2, we give a
brief introduction of China's IRET infrastructures. In Section 3, we re-
view relevant literature on IRET and air pollution mitigation. In Section
4, methodology and dataset employed in this paper are briefly pre-
sented. Section 5 is devoted to the estimation of the impact of IRET on
air pollution mitigation, including the effects of China's power grid
organization on the empirical results, and Section 6 is robustness check
and further discussion. In Section 7, we conclude and provide some
policy implications.

2. China's IRET infrastructures

With a remarkable economic growth in the last four decades, China
has become the second largest economy in terms of gross domestic
production (GDP). However, this comes at the cost of energy depletion
and environmental degradation. China has become the world's largest
energy consumer since 2010, and several forms of pollutants such as
SO2 have also increased dramatically, accounting for about 26% of the
world's total emission in 2012. Air pollutants severely affect human
health and threaten China's sustainable development.

In a country as big as China, there is substantial spatial hetero-
geneity across different regions. Compared with western region, air
pollution in eastern region is significantly more serious. According to
the data from China Meteorological Administration, there are much
more haze days in eastern China, such as Huanghuai and Jianghuai
areas. In January 2013, there are 30 haze days in Hefei (Anhui pro-
vince) and 29 haze days in Nanjing (Jiangsu province) and Hangzhou
(Zhejiang province), which means that these three cities are almost
covered in haze through the whole month. In contrary, the haze is re-
latively rare in western region.3

Coal combustion accounts for more than 80% of SO2, 50% of ni-
trogen oxide and 70% of dust in China's total emissions. One reason for
the serious air pollution in eastern region is the dense concentration of
coal-fired power plants (Liu et al., 2016). The installed capacity of coal-
fired power plants per unit area in Beijing-Tianjin-Hebei (which is
usually called Jingjinji region) and Yangtze river delta (which is usually
called Changsanjiao region) are 13 times and 16 times of that in wes-
tern region, respectively. Thus, China's air pollution governance needs
to put more efforts in reducing the amount of coal-fired power gen-
eration, especially in eastern region under the condition of meeting the
demand for electricity.

In order to substitute the coal-fired power plants in eastern region,
China has constructed several IRET lines to relocate electricity nation-
ally. The capacity of IRET is large enough to substantially substitute
coal consumption in eastern region. For example, the installed capacity
of thermal power in Beijing-Tianjin-Hebei area4 is about 60 GW. One
IRET line with 10 GW capacity can substitute more than 10% of thermal
power in Beijing-Tianjin-Hebei area and substantially reduce air pol-
lutant emissions. By 2012, 13 IRET lines have been operated. Table 1
presents the 13 IRET lines, including their times under operation,
transmission capacities, sending points and landing points. The trans-
mission directions of these IRET lines are basically from western region
to eastern region, excluding De-Bao line. In 2012, about

1 Take China as an example. In recent years, coal-fired power plants consume more
than 50% of China's coal demand for electricity generation, while the air pollutant
emissions of these plants only account for about 15% of the total emission induced by coal
combustion. Therefore, even considering the influences of transmission losses of 6%–7%,
total amount of air pollutant emissions can be reduced. Data sources:
http://news.xinhuanet.com/energy/2014-11/28/c_127259035.htm (accessed in March
17, 2017).

2 The term “counterfactual” has been widely accepted and used in previous studies,
including Puller and West (2013), Hsiao et al. (2012), Abadie and Gardeazabal (2003).

3 More information about haze distribution across regions can be found in Statistics
Bulletin of Chinese Environment (2013) published by Ministry of Environmental Pro-
tection of China.

4 One of the most polluted regions in China.
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