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Abstract

Emissions of nitrogen oxides (NOy) from coal-fired power plants (CFPPs) pose a significant chal-
lenge to air quality. In China, although policies like ‘Promoting the Big and Quashing the Small’
and the adoption of ultra-low emission (ULE) technologies have been implemented in power
plants, accurately quantifying their impacts on NO, emissions remains difficult due to lack of
facility-specific information. This study investigates the influence of CFPP changes on NO, emis-
sions from 2018 to 2024 in North China, by integrating a self-compiled, high-accuracy power plant
database (with 517 plants in North China, including 109 retired or newly built) with satellite-
derived NO, emission data at a high spatial resolution (0.05° x 0.05°). We find that among the
locations with no industrial sources, emissions show substantial reductions (—1.97 kgkm =2 h™!
on average; Wilcoxon test p < 0.001; ¢-test p < 0.001) where CFPPs were retired during this
period, compared with the increases (+0.76 kg km~2 h™! on average; Wilcoxon test p < 0.01;
t-test p < 0.01) where CFPPs equipped with ULE technology were newly built. However, when
the retired or newly built CFPPs are located in the same 0.05° x 0.05° grid cells with industrial
sources, their emission signals are often dominated by industrial emission reductions, resulting in
emission declines in both cases. These results underscore the rising relative contribution of indus-
trial emissions in regions where power plants and heavy industry are spatially co-located, and
highlight the need to strengthen emission monitoring and control efforts directed at the industrial
sector. By comparison, existing emission inventories have difficulty in capturing the power plant
dynamics, particularly the effect of CFPP retirement. Our results demonstrate the value of satel-
lite remote sensing coupled with detailed facility information for assessing point-source emission

dynamics.

1. Introduction

Nitrogen oxides (NO,) are critical atmospheric pollu-
tants affecting air quality and human health (Seinfeld
et al 1998, Hoek et al 2013). They are key precursors
of ground-level ozone (O3) and secondary fine partic-
ulate matter (PM;5), driving heavy pollution events

© 2026 The Author(s). Published by IOP Publishing Ltd

and associated public health risks (Murray et al 2020).
North China, encompassing Beijing, Tianjin, Hebei,
Shanxi, and Inner Mongolia, has long been a lead-
ing region for energy production and a hotspot for
atmospheric pollution (Fan et al 2020, Zhu et al 2022,
National Bureau of Statistics of China 2024). In this
region, the concentration of coal-fired power plants
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(CFPPs) and other heavy industries makes it a pri-
mary focus for NO, emission control (State Council
of China 2013, 2017).

The power sector, particularly CFPPs, has his-
torically been a dominant contributor of China’s
NO, emission (Liu et al 2015, Tong et al 2018).
Recognizing the severity of the issue, the Chinese gov-
ernment has implemented a series of stringent poli-
cies targeting this sector over the past decades. Two
of the most pivotal measures are the ‘Promoting the
Big and Quashing the Small’ policy, which replaces
small, inefficient units with larger, more efficient
ones, and the nationwide promotion of ultra-low
emissions (ULE) technologies. The ULE technologies
limit the emissions of NO,, sulfur dioxide (SO,), and
particulate matter to levels comparable to or lower
than those of uncontrolled gas-fired plants (National
Development and Reform Commission 2014); note
that gas-fired plants equipped with selective cat-
alytic reduction can achieve substantially lower NO,
emission concentrations. The effectiveness of power-
sector emission control policies has been assessed
through approaches such as bottom-up emission
inventories and the continuous emissions monitoring
systems (CEMS) network (Liu et al 2015, Tong et al
2018, Zheng et al 2018, Tang et al 2019). However,
emission inventories face temporal lags in statistical
data collection and are unable to capture facility-level
operational changes in a timely manner (Li et al 2017,
Liu et al 2019b), while CEMS data remain inacces-
sible to the public. These limitations motivate the
need for a timely, accessible, and spatially resolved
approach to quantify the impacts of individual power
plant dynamics on NO, emissions.

Satellite remote sensing complements ground-
based measurements and emission inventories, offer-
ing a timely and objective method to track atmo-
spheric composition changes (Li and Wang 2019, Xu
etal 2023, Kong et al 2025). Sensors such as the ozone
monitoring instrument and the TROPOspheric
ozone monitoring instrument (TROPOMI) have
been extensively used to estimate NO, emission
changes over China (Liu et al 2017, Yan et al 2023,
Kong et al 2025, Lu et al 2025).

Given the limitations of satellite data, their appli-
cations to track power plant emissions require pre-
cise, independent ground truth information about
the operational status of power plants. Previous
work has largely relied on publicly available power
plant databases (Wang et al 2023, Yan et al 2023,
Liu et al 2024, Zeng et al 2025). However, these
databases are often subject to inaccurate geolocation
information, lack of data on small- and medium-
sized power plants, and/or lack of critical opera-
tional details to facilitate emission assessment. To
address this research gap, this study leverages a novel,
integrated approach that combines a self-compiled,
high-accuracy power plant database with satellite-
derived high-resolution NO, emission data over
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North China in summers (June—August) of 2018-
2024. First, we establish a comprehensive thermal
power plant database for China by synthesizing exist-
ing datasets and multi-source geographic informa-
tion. Our database includes key attributes such as
power generation capacity and precise geolocation.
For the 517 plants in North China, we further refine
the operational timelines (i.e. start and retirement
dates) since 2018 by analyzing multi-temporal satel-
lite imagery and multiple lines of industrial reports.
Then, NO, emission data retrieved at a 0.05° x 0.05°
resolution from the TROPOMI satellite instrument
are used to evaluate the capability of satellite observa-
tions in detecting emissions from individual CFPPs.
Finally, we investigate the emission characteristics
of newly built and retired power plants, as well as
the potential interference from surrounding indus-
trial activities on the power plant signals. Beyond its
methodological contribution, this study sheds light
on how stringent emission controls in the power sec-
tor leads to a broad shift from power-sector-crucial to
more industrial-sector-driven NO, emission burden
in North China.

2. Methods

2.1. China power facility database (CPFD)

We build a CPFD with over 3400 power facilities
(including more than 2500 plants burning coal and
others burning biomass or waste) in China from
2013 to 2024, including 517 plants in North China.
For North China, the database includes precise loca-
tion, capacity, surrounding environment informa-
tion, and operational timelines such as start and
retirement dates for each power plant.

We first adopt a 2013 power facility database from
Environmental Statistics, which covers plants of all
sizes but suffers from inaccurate geolocation infor-
mation. For facilities built after 2013, we use the
global energy monitor (GEM) database for supple-
mentation and cross-verification, updating the list
of power-generating units to 2024. The GEM data
contain information on capacity and commissioning
dates but not electricity generation.

We then perform geolocation calibration for all
facilities. We use the AMAP point of interest search,
which locates approximately 60% of facilities; the
remaining 40% are resolved using business regis-
tration addresses, news searches, and Google Earth
imagery. Through this process, we obtain specific
geolocations for all power facilities. We further refine
the location accuracy using Google Earth histori-
cal imagery and the World Imagery Wayback ser-
vice. This correction ensures that the accuracy of
each plant’s geo-coordinates is at the hundred-meter
level. For plants near grid-cell boundaries, spatial
assignment is cross-checked against the surrounding
11 x 11 grid cells in terms of NO, emission and
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Figure 1. Distribution of retired and newly built power
plants in North China from 2018 to 2024. Circles represent
retired plants, and triangles represent newly built plants.
Shape size indicates plant capacity, while color denotes

the change in de-backgrounded NO, emission (average
emission after plant start/retirement date minus average
emission before plant start/retirement date) at each grid
cell.

NO, vertical column densities (VCD) distributions;
no systematic misassignment is identified. Grid cells
are classified as industry-influenced if multi-temporal
Google Earth and World Imagery Wayback imagery
confirm the presence of high-NO, industrial facili-
ties (steel mills, cement plants, chemical complexes,
or coking facilities) within the 0.05° x 0.05° domain.

For North China, we further collect operational
status changes for each power facility. We determine
retirement dates through government announce-
ments combined with satellite historical imagery. For
newly built units, we obtain precise commissioning
dates from industrial news sources. The locations of
these power facilities are shown in figure 1.

2.2. NOy data from satellite and bottom-up
inventories
We use tropospheric NO, VCDs and associated top-
down NO, emission data to assess the impacts of
power plant changes. The NO, VCD data are taken
from the POMINO-TROPOMI v1.2.2 product (Liu
et al 2020). POMINO adopts the tropospheric slant
column densities of NO, from the operational prod-
uct, and re-calculates the air mass factors and effective
cloud fractions to derive the VCDs. Compared to the
operational algorithm, POMINO algorithm explic-
itly accounts for the effects of aerosols and surface
reflectance anisotropy and adopts higher-resolution
(25 km versus 100 km) a priori NO, vertical profiles.
This results in a lower bias and better coverage of NO,
data, especially at polluted situations (Liu et al 2019a,
2020, Zhang et al 2022, Zhang et al 2025).

The top—down NO, emissions are estimated
based on the POMINO-TROPOMI v1.2.2 NO, VCD
data, using an updated version of the PHLET (Peking
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University High-Resolution  Lifetime-Emission-
Transport) inversion method (Kong et al 2022, 2025).
The update refers to the adoption of wind data from
the real-time ECMWF analysis (0.09° lon. x 0.09°
lat., Hersbach et al (2020)) vertically averaged over
0-500 m above the surface as a common practice
(Liu et al 2016, 2017, Beirle et al 2019) in place of
previously-used GEOS-FP (0.3125° lon. x0.25° lat.)
to greatly improve the accuracy of PHLET-simulated
horizontal transport of NO,. We apply the updated
PHLET inversion method in China to derive sur-
face NO, emissions at a horizontal resolution of
0.05° x 0.05° for each summer (June—August) from
2018 to 2024.

To focus on anthropogenic emissions, we remove
contributions from natural sources including soil and
open fire. The hourly soil NO, emissions are taken
from Weng et al (2020) and daily open fire emissions
from the Global Fire Assimilation System (Kaiser et al
(2012)), with the interannual variability from 2018 to
2024 accounted for. Detailed derivation of PHLET
emission inversion and associated uncertainties is
shown in Kong et al (2022). Emissions are expressed
based on the molecular weight of NO, (46 g mole™!),
and emission uncertainties are expressed as one stan-
dard deviation error. The resulting emission data
include the contributions from all anthropogenic
sources. As such, at the grid-cell level, emissions
from power plants may be mixed with other sources
within the same grid cell such as industry, trans-
portation and residential use. Therefore, we perform
a de-background procedure for emissions in all grid
cells containing power plants. Specifically, for each
grid cell containing power plants, we remove as back-
ground the 25th percentile of emissions and VCDs
from the surrounding 11 x 11 grid cells (exclud-
ing that grid cell with power plants). The embed-
ded assumption is that the contribution from all
non-power-plant sources can be approximated by
this background value. However, this procedure can-
not fully remove the contribution from other co-
located sources. Given the large influences of co-
located industrial sources, we will analyze the power
plant emission changes under industry-influenced
and non-industry-influenced situations separately;
and other non-industrial interfering sources will be
discussed when relevant. We test other percentile val-
ues (10th and 50th) for background subtraction and
find little impact on the conclusion regarding the
emission changes driven by power plant retirement
and establishment. Pre- and post-event NO,, emission
changes are tested using both a one-sample Wilcoxon
signed-rank test (a non-parametric test on whether
the median value = 0) and a one-sample #-test (a
parametric test on whether the mean value = 0), with
two-tailed tests applied throughout.

Additionally, to examine how power plant
changes are reflected in the existing emission datasets,
we utilize two bottom-up inventories, including the
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MEIC (Multi-scale Emissions Inventory of China;
www.meicmodel.org, last access: 22 January 2026)
v2.0 inventory in China (Liu et al 2015, Li et al
2017, Tong et al 2018) and the CEDS (Community
Emissions Data System v_2025_04_18) inventory
(Hoesly et al 2025). Both emission inventories are
available through 2023. The spatial resolution of
CEDS is 0.1° x 0.1°, while MEIC has a spatial reso-
lution of 0.25°. For each inventory, we calculate the
summer (June, July and August) mean emissions to
match the PHLET dataset.

3. Results

3.1. Changes in power plants in North China

Figure 2 illustrates a significant increasing trend in
thermal power generation across North China from
2018 to 2024, characterized by a distinct spatial shift
in energy production. During the summer peak sea-
sons, total thermal power generation in North China
region rose by 30.2%. This growth was unevenly
distributed: while the Beijing—Tianjin—Hebei (BTH)
region saw a negligible increase of 2.9%, Shanxi and
Inner Mongolia experienced substantial surges of
29.4% and 57.9%, respectively. Consequently, Inner
Mongolia has replaced BTH as the primary energy
hub, now contributing over 45% of the thermal power
output in North China.

However, this surge in power generation has not
translated into a proportional rise in satellite-derived
NO, emissions. Summertime de-backgrounded NO,
emissions at the grid cells with power plants in BTH
and Shanxi decreased by 52.9% and 34.6%, respec-
tively, with only Inner Mongolia showing a slight
increase (17.6%). Here, all power plants (retired,
newly built, or in continuous operation during 2018—
2024) are considered. These results are consistent
with the adoption of ULE technologies, the declin-
ing share of coal-fired power, changes in plant oper-
ating status, and interference from industrial sources
within the same grid cells. The observational design
of this study does not permit strict causal attribu-
tion or quantitative partitioning of the individual
roles of these contributing factors. Our subsequent
analysis therefore focuses on these 109 CFPPs retired
or built during 2018-2024 (detailed information in
supplementary table 1).

Between 2018 and 2024, 50 power plants were
retired in North China (figure 1). Most of them are
concentrated in Hebei Province, and over half of them
are small-scale facilities with capacity under 100 MW.
This reflects Hebei’s strict coal-fired power optimiza-
tion targets during the study period (https://hbdrc.
hebei.gov.cn/xxgk 2232/fdzdgknr/ghjh/gh/202309/
t20230907_87223.html, Last accessed: 10 August
2025) requiring a reduction in the proportion of
coal-fired power generation capacity while decreasing
the share of small (<200 MW) units within CFPPs.
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Conversely, 59 power plants were newly built during
this period, mainly in Shanxi and Inner Mongolia.
Among them, 49 were large plants with more than
500 MW in capacity; particular in Inner Mongolia,
over half of the newly built plants were ultra-large
facilities exceeding 1000 MW in capacity. This aligns
with the policy objectives outlined in the Inner
Mongolia Energy Development Plan (www.nmg.
gov.cn/zwgk/ztxxgk/zfxxgkml/ghxx/zxgh/202012/
t20201208_312918.html, Last access: 10 February
2026). Overall, power plant changes in North China
in recent years have adhered to the ‘Promoting the
Big and Quashing the Small’ policy, with exten-
sive closures of small and outdated plants and a
shift of generation centers to Inner Mongolia and
Shanxi.

3.2. NO, emissions in response to power plant
dynamics

As shown in figure 3, grid cells with retired power
plants show a consistent downward trend in both
NO, emissions and NO, VCDs from 2018 to 2024,
while those with newly built plants exhibit a more sta-
ble or slightly increasing trajectory despite the sub-
stantial capacity additions.

However, figure 3 also highlights a substantial
variability of emissions across grid cells with retired
or newly built power plants, as indicated by the wide
interquartile ranges (IQR) and extended whiskers.
This heterogeneity implies that the satellite-detected
emission signal at a given 0.05° x 0.05° grid cell
is not solely driven by the power plants themselves
but is likely modulated by other co-located emission
sources. Specifically, the presence of co-located indus-
trial facilities may mask or amplify the emission sig-
nals. To address this, we further classify and analyze
the grid cells based on the presence of industrial inter-
ference. We use Google Earth and World Imagery
Wayback to manually check whether a power plant
is co-located with and thus influenced by industrial
facilities in the associated grid cell.

There are 52 power plants located in non-
industry-influenced grid cells, with 31 newly built
plants and 21 retired plants. Among these 52 plants,
the changes in power plant operational status are
effectively captured by satellite-derived emissions.
Most newly built power plants in non-industry-
influenced grid cells exhibit statistically signifi-
cant emission increases (+0.76 kg km=2 h™! on
average; Wilcoxon W = 62, p < 0.001; + = 4.01,
p < 0.001). The magnitude is small and de-
backgrounded emissions after commissioning remain
low (<5 kg km~2 h™!), consistent with effective NO,
control through ULE technology. Solar-driven sup-
pression of midday thermal output could reduce cap-
tured emissions by up to ~20% in 2024, but this
does not introduce a directional bias between plant
categories (section S1).
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Figure 3. Summertime NO, emissions and NO, VCDs at
the grid cells with retired or newly built power plants in
North China from 2018 to 2024. (a) De-backgrounded
NOy emissions at the grid cells with retired power plants,
(b) De-backgrounded NO, emissions at the grid cells
with newly built power plants, (c) De-backgrounded NO,
VCDs at the grid cells with retired power plants, (d) De-
backgrounded NO, VCDs at the grid cells with newly built
power plants. The box bounds the IQR divided by the
median, and Tukey-style whiskers extend to the maximum
and minimum values. Circles represent the average value.

To further examine the effect of newly built power
plants, we present more details for a few repre-
sentative plants (see their IDs in figure 4(a)). For
Power Plant No. 43 (figure S1), satellite imagery
shows that the facility was still not under construc-
tion in 2019. Subsequently, its two units commenced
operations in July and November 2023, respectively.
Comparing the spatial distributions before and after
these dates for NO, VCDs and NO,, emissions reveals

a distinct point-source signal from this power plant.
Specifically, both the VCDs and emissions show sub-
stantial increases in 2024. In contrast, there are several
cases in figure 4(a) where emissions decreased despite
the establishment of new power plants, with an out-
standing example being Power Plant No. 53 (figure
S2). This facility was a Phase II expansion project
located in an urban area; thus the emission reduction
signals from Phase I power generation units and other
anthropogenic sources within the grid cell likely out-
weigh the additional emissions from the new units,
resulting in an overall decline.

For non-industry-influenced retired plant grid
cells (n = 19), both tests confirm significantly neg-
ative emission changes (—1.97 kg km =2 h™! on aver-
age; Wilcoxon W = 35, p < 0.01; t = — 3.07,
p < 0.01), confirming that the visual pattern in
figure 3 reflects a genuine and robust emission reduc-
tion following plant retirement. The emissions greatly
differ across these grid cells especially before the
power plants were retired, likely reflecting the sub-
stantial cross-plant differences in emission control
technology in earlier years. Despite having smaller
capacities than newly built plants, retired plants
showed notably higher pre-retirement emissions,
owing to their older age and lack of advanced emis-
sion control technologies. Missions in non-industry-
influenced grid cells did not drop to zero following
power plant retirement (figure 4(c)). This is primar-
ily because these older plants are often situated in
urban centers, where dense residential areas, traffic,
or other sources lead to NO, emissions. Although
legacy plants may exhibit midday peaking behav-
ior that could overestimate pre-retirement emissions
at TROPOMI overpass time, the directional conclu-
sion remains valid under bounding-scenario analysis
(section S1).

We further present a few exemplary retired power
plants for detailed analyses. For Power Plant No.
104 (figure S3), satellite imagery indicates that this
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plant was still operational in 2018 but had been com-
pletely shut down by 2025. The government man-
dated its transition to emergency reserve status by the
end of 2023. Both the NO, VCDs and NO, emis-
sions at the grid cell where the plant was located
show a significant decrease. In contrast, there are a
few cases in figure 4(c) where emissions increased
in certain grid cells despite power plant retirements,
with the most outstanding being Power Plant No.
63 and No. 94. As shown in figure S4, the grid cell
containing the retired Plant No. 94 (86 MW) hosts
two other newly built larger power plants (No. 30:
1320 MW and No. 48: 700 MW), which dominate
the emission signal. For Plant No. 63 (figure S5),
the reduction signal from its retirement was likely
masked by variations in transportation-related emis-
sions, given its small capacity (12 MW) and urban
location.

Among the non-industry-influenced grid cells
(figure 5), those with retired power plants exhibit
a positive correlation between pre-retirement emis-
sions and power generation capacities, despite the
existence of data scatter. In contrast, those grid cells
with newly built power plants exhibit little corre-
lation between emissions and capacities. At a given
capacity level, grid cells with retired plants exhibit
much higher pre-retirement emissions than those
with newly built plants. Additionally, according to
data from the China Electricity Council (Obtained
from www.ceicdata.com/zh-hans/china/utilization-
of-power-generating-equipment, Last access: 19 June
2026), provincial average utilization hours of ther-
mal power equipment in Inner Mongolia and Shanxi,
regions that absorbed the bulk of newly built capacity,
declined only modestly over 2018—2024, by 7.3% and
2.3%, respectively. By contrast, in Hebei Province,
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Figure 5. Scatter plot of average de-backgrounded NO, emissions versus installed capacity in non-industry-influenced grid
cells. The de-backgrounded emissions of newly built power plants represent the average of summer emissions in all years since
build-up in the corresponding grid cells. The de-backgrounded emissions of retired power plants reflect the average of summer
emissions prior to the year of retirement in the corresponding grid cells. The data period spans from 2018 to 2024. The figure
compares de-backgrounded emission levels; emission intensity per unit of electricity generated cannot be derived from the data
as presented, given the absence of facility-level generation records. Regression lines are shown for visual reference.

where most plant retirements occurred, average
utilization hours declined by 22.7% over the same
period. This pattern is consistent with retired legacy
units having progressively lower utilization rates,
while newly built ULE units maintained higher uti-
lization, an aggregate configuration that further sup-
ports the conclusion that structural improvements
in emission factors, rather than reduced operational
output, are the dominant driver of the observed de-
backgrounded NO, emissions declines at the grid
cells with power plants in North China.

There are 57 power plants co-located with indus-
trial facilities, among which 28 are newly built and
29 are retired. For these 57 plants, the changes of de-
backgrounded emissions at the corresponding grid
cells are more heterogeneous for both newly built
and retired power plants (figures 4(b) and (d)).
Here, the grid cells with newly built power plants
show an average de-backgrounded emission change
of —0.75 kgkm 2 h~! (Wilcoxon W = 178, p = 0.58;
t = —0.88, p = 0.39), with many grid cells exhibit-
ing emission declines. This reflects a ‘masking effect’:
the emission signals of newly built plants are over-
whelmed by stronger industrial emissions, which are
themselves declining under strict emission controls
(State Council of China 2017), masking the power
plant signal. For the grid cells with retired power
plants and industrial influence, de-backgrounded
NO, emissions show substantial reductions with
an average of —2.98 kg km~2 h™!, a much larger
drop than in the counterpart case for non-industry-
influenced grid cells (—1.97 kg km~2 h™! on average;
Wilcoxon W =22, p < 0.001; t = —5.14, p < 0.001).
This reflects the combined result of closing the power
plants and reducing co-located industrial emissions.

To examine whether satellite-derived emissions
provide information beyond traditional invento-
ries, we compare with CEDS v2025_04_18 and
MEIC v2.0 (both available through 2023), analyz-
ing power-sector NOx changes in grid cells of plants

that changed status during 2018-2023 (figure 6).
We find that CEDS captures emission change sig-
nals from newly built plants (with an average
emission increase of 2.40 kg km~2 h™!), likely
due to its integration of the GEM database for
new units; however, it fails to reflect the emis-
sion reductions from retired plants (with an aver-
age emission change of +0.02 kg km™2 h™!).
The MEIC inventory exhibits negligible emission
responses to both new (4+0.02 kg km™2 h™!) and
retired (—0.03 kg km~2 h™!) plants, suggesting a lack
of timely adjustments for these facility-level dynam-
ics. These results underscore the unique advantage of
satellite-based emissions in properly tracking point-
source dynamics.

4, Conclusion and outlook

This study evaluates the impacts of structural dynam-
ics in CFPPs on NO, emissions in North China from
2018 to 2024. By integrating a self-compiled power
plant database with satellite-derived high-resolution
emissions, we quantify the environmental effective-
ness of the ‘Promoting the Big and Quashing the
Small’ under ULE implementation, demonstrating
that satellite remote sensing augmented with facil-
ity information can effectively capture point-source
emission dynamics.

The retirement and establishment of power plants
led to opposite emission changes in the grid cells
with no industrial interference. The retirement of
older, smaller units, which often lack advanced pol-
lution control facilities, resulted in substantial reduc-
tions of emissions (1.97 kg km=2 h™! on average).
Conversely, despite the large capacity of newly built
power plants, their emission impacts were small with
an average increase by 0.76 kg km~2 h™!, consis-
tent with the adoption of ULE technology. In non-
industry-influenced grid cells that contain newly built
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Figure 6. Scatter plot for average NO, emissions in bottom-up inventories before and after power plant operational changes.
Power plants were newly built or retired during 2018-2023. Emission changes are expressed in kg km 2 h~!. The solid line rep-
resents the fitted line for the scatter points in each panel. (a) Emission changes in CEDS v2025_04_18 grid cells containing newly
built power plants. (b) Emission changes in MEIC v2.0 grid cells containing newly built power plants. (c) Emission changes in
CEDS v2025_04_18 grid cells containing retired power plants. (d) Emission changes in MEIC v2.0 grid cells containing retired

power plants.

or retired CFPPs, satellite-derived NO, emissions
from ULE-equipped plants are substantially lower
than those from retired legacy plants at comparable
capacity levels, which suggests that coal-fired power
plays a much smaller role in local NO, emissions over
the past few years. A comprehensive sectoral decom-
position of total NO, emissions across North China
is beyond the scope of this study, which focuses on
grid cells containing power plants that changed oper-
ational status between 2018 and 2024.

We also identify a ‘masking effect’ where indus-
trial emissions dominate co-located power plant sig-
nals, decoupling grid-cell emission changes from
power plant dynamics. This shift in sectoral con-
tributions necessitates greater focus on industrial
sources, challenging non-sector-specific inversions
and ground-based monitoring networks. Clearly,
the industrial sector should be a primary target in
future emission control efforts. In particular, policy

instruments, monitoring systems, and accountability
mechanisms that were historically designed around
CFPPs could be adapted to track and regulate more
heterogeneous industrial point sources. In this sense,
the power sector’s rapid adoption of ultra-low-
emission technology can be viewed as one stage of
environmental modernization, after which further
progress in NO, reduction will increasingly depend
on more complex and decentralized industrial emis-
sion controls.

Future work is warranted to further refine the
assessment of point-source emissions. The isolation
of point-source signals in high-background-value
locations remains a challenge. Integrating chem-
ical transport models, artificial intelligence algo-
rithms and big Earth data will help resolve the com-
plex interference from surrounding emission sources.
Additionally, satellite data from TROPOMI are still
imperfect in spatial resolution (~5 km), and, as a
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polar-orbit instrument, with a ~13:30 local overpass,
TROPOMI cannot capture intraday emission vari-
ability (section S1). Integration of geostationary satel-
lite data will enable hourly constraints and help disen-
tangle daytime solar generation effects on fossil-fuel
plant operation.

The precise geolocations and operational time-
lines in the CPFD provide facility-level anchors for a
range of future applications. For example, when com-
bined with relevant satellite retrievals, the database
can support multi-pollutant studies of SO, and par-
ticulate matter, as well as facility-level CO, emis-
sion tracking in support of China’s national carbon
market.
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