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A B S T R A C T

Electrostatically assisted air (EAA) coarse filter can improve the particle filtration performance of low efficiency
filters without increasing their pressure drop. In this study, we investigated the long-term single pass filtration
efficiency for 0.3–10 μm ambient particles, pressure drop, PM2.5 collecting amount, and energy consumption of
an EAA coarse filter during a 51-day operation period. We found that the efficiency of EAA coarse filter varied
with average values of 87.6%–97.1% for 0.3–10 μm particles, respectively, while the pressure drop increased
from 14.6 Pa to 63.1 Pa at face air velocity of 1m/s. Using K-means clustering and principal components analysis
methods, we discovered that before 33 days, the significant influencing factors of the efficiency for 0.3–0.5 μm
particles included air temperature, air moisture content, 3–10 μm particle number concentration, and PM2.5

collecting amount. While after 33 days, only PM2.5 mass collecting amount has a significant negative correlation
with the efficiency for 0.3–0.5 μm particles. The efficiency became relatively unsteady and the PM2.5 collecting
amount reached 131 g/m2 after 33 days. The total energy consumption of EAA coarse filter rose more slowly as
PM2.5 collecting amount increased when compared with that of a conventional electret filter (KAFPO78A4,
Daikin Inc., Japan). We suggest the high efficiency EAA coarse filtration as an energy efficient method for
ambient particle removal in the view of its long-term performance.

1. Introduction

Mechanical filtration has been widely used in fields to maintain a
clean air environment, such as heating, ventilation, and air con-
ditioning (HVAC) system in public buildings, industrial emission con-
trol, and clean rooms for industrial production, food processing and
extreme space construction [1,2]. However, high efficiency mechanical
filtration usually brings large pressure drop and small dust holding
capacity [3–5]. Pressure drop of a filter is positively related to the en-
ergy consumption of the fan that drives it, and a small dust holding
capacity means fast pressure drop increase and frequent filter replace-
ment. Thus, high efficiency mechanical filtration usually costs much
both in energy and economy [6–8]. Therefore, to meet the demand of
eco-development, efficient particle removal technology with minimal
pressure drop and large dust holding capacity is urgently needed for
both air purification and energy conservation.

To accomplish this, applying a continuous electrostatic force to fi-
brous filtration has been proposed as a promising method. However,

most studies lack results for long-term (at least one month) performance
in practical application scenarios [9–13], which provides important
references for studying dynamic characteristics of electrostatically as-
sisted air filtration process. Lee et al. [14] developed an electrostatically
augmented air filter with initial removal efficiency of 92.9% for Arizona
road dust particles (1.96 μm in mass median diameter) and pressure
drop of 118 Pa at 2.5 m/s face air velocity. The efficiency increased to
more than 98% when deposited particle increased to 0.0002 g/m2, and
the pressure drop increased to 255 Pa. Mermelstein et al. [15] devel-
oped an electrostatically enhanced stainless steel filter with removal
efficiency of 92% for 0.05–1 μm polystyrene particles and pressure drop
of 300 Pa at 0.75m/s face air velocity. The efficiency showed some
increase when deposited particle reached 25 g/m2, while the pressure
drop increased to approximately 650 Pa. Shi et al. [16] evaluated the
long-term performance of an ionizer assisted air filter whose removal
efficiency for 0.3–0.5 μm ambient particles decreased from 100% to
around 80% after 20-day continuous operation. Feng et al. [17,18]
developed an electrostatic enhanced air filter with removal efficiency of
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28% for 0.4 μm dioctylphthalate (DOP) particles, and pressure drop of
8 Pa at 0.1m/s face air velocity. The efficiency increased to 44% and
61% when deposited particle increased to 0.8 g/m2 and 1.61 g/m2,
respectively, and the pressure drop increased to 50 Pa and 120 Pa, re-
spectively. They further developed an electrostatic enhanced pleated air
filter [19] and examined its long-term performance in a 18-day con-
tinuous operation using atmospheric dust as loading particles. The
single pass filtration efficiency of the filter for 0.3–0.5 μm ambient
particles increased from 60% to 77% after 16 days, while the pressure
drop at 0.6 m/s face air velocity increased from 40 to 60 Pa. Choi et al.
[20] developed an Al-coated conductive fibrous filter with initial re-
moval efficiency of 99.9961% for 0.03–0.4 μm KCl particles and initial
pressure drop of 0.6 Pa at 0.025m/s face air velocity. The final effi-
ciency increased to 99.9959% and the final pressure drop increased to
1.9 Pa when dust holding capacity of the filter reached 0.0125 g/m2. Li
et al. [21] developed an active-poled nanofiber filter with PM2.5 re-
moval efficiency of 98.72% for particles generated from burning ci-
garettes, and pressure drop of 82 Pa at 0.21m/s face air velocity.
However, the PM2.5 removal efficiency decreased to 90.18% after a 48-
h operation and the dust holding capacity of the filter was 8.43 g/m2. In
our previous study, we developed a compact electrostatically assisted
air (cEAA) coarse filter for efficient particle removal with a small
pressure drop [22]. In a cEAA filter, particles or filter fibers are charged
or polarized continuously, so the enhanced electrostatic force makes
particles easily to be captured by the fibers while not increasing the
pressure drop. During the 458 h operation period, the single pass fil-
tration efficiency of cEAA coarse filter increased slightly with average
values of 33% for PM0.1~1 and 68% for PM1~5, while the pressure drop
grew from 14.3 Pa to 31.5 Pa at 1m/s face air velocity. However, the
operation periods of these studies were short comparing with real ap-
plication, and there lacked explanation what parameters would have
significant influence on long-term performance and how they influence.
Efficiency decay, which limits real application of particle removal
technologies assisted by electrostatic force, is a crucial issue for these
technologies. Therefore, to prompt these energy efficient technologies
into real application, it is important to provide a whole picture of the
long-term performance for these technologies, and determine what
parameters and how much these parameters would have significant
influence on the long-term performance of them.

In this study, we used an improved electrostatically assisted air
(EAA) coarse filter [9] to examine its long-term performance, including
single pass filtration efficiency for 0.3–10 μm ambient particles, pres-
sure drop, PM2.5 collecting amount, charging power and energy con-
sumption. We ran a high efficiency conventional electret filter under
the same condition and compared its long-term performance with the
EAA coarse filter's. This study provided practical long-term perfor-
mance of an EAA coarse filter and its suggested maintenance period.
Moreover, the results gave understandings on (1) what parameters
would have significant influence on long-term performance of the EAA
coarse filter; (2) how these parameters would influence on long-term
performance of the EAA coarse filter; (3) what cause the difference
between the EAA coarse filter and the conventional electret filter in
long-term performance.

2. Methodology

2.1. EAA coarse filter module

The configuration of the EAA coarse filter module was the same as
shown in the previous research with a cross section of
204mm×120mm [9]. The charging voltage (Uc, the voltage applied
to the pin arrays) was controlled at +12 kV, and the polarizing voltage
(Up, the voltage applied to the middle screen) was controlled at
+25 kV. We used a commercial PET (polyethylene terephthalate)
coarse fibrous filter (Filter #4 in the previous research [9]) in the EAA
coarse filter module.

2.2. Experimental design

The experimental setup was on the first floor of an office building in
the Tsinghua University campus in Beijing. No heavy traffic, cooking
activities or industrial emission appeared at the site. The experiment
was conducted in an acrylic ventilation duct from December 20th in
2017 to February 8th in 2018, the season when haze was serious in
Beijing. The ambient aerosols were driven through the EAA coarse filter
at 1 m/s face air velocity. We measured the number concentrations of
0.3–10 μm particles at the upstream and downstream sides of the EAA
coarse filter by an optical particle counter (Aerotrak 9306, TSI Inc.,
Shoreview, USA), and used a controller to switch the sampling gas path
between upstream and downstream sides. We obtained one average
concentration data from a 45-s sampling and a following 15-s sus-
pending (1 min in total), and switched the sampling gas path every
5 min. We abandoned the concentration data obtained from the last
minute during which the gas path was switched. We measured the air
temperature and humidity by a thermograph (WSZY-1A, TIANJIANH-
UAYI Tech., China). A differential gauge (DP-CALC 5825, TSI Inc.,
Shoreview, USA) was used to measure the pressure drop across the EAA
coarse filter. Two adjustable (0 ~ +30 kV) high voltage direct current
(HVDC) power supplies (P10, GENVOLT, China) were used to supply
power and record operation parameters, including charging voltage,
charging current, polarizing voltage and polarizing current. The mass
concentrations of ambient PM2.5 at Wanliu meteorological station from
Beijing Municipal Environmental Monitoring Center [23] were hourly
recorded to evaluate the PM2.5 collecting amount of the EAA coarse
filter.

We also ran a high efficiency conventional electret filter
(KAFPO78A4, Daikin Inc., Japan) under the same conditions (loading
particles were ambient aerosols and face air velocity was controlled at
1m/s) and compared its long-term performance with the EAA coarse
filter's. The cross section of the conventional filter was
234mm×320mm. The experimental procedures were the same as the
EAA coarse filter's, except for that the experiment was conducted from
April 25th to June 6th in 2018.

2.3. Calculations

In this study, we used five parameters to evaluate the long-term
performance of EAA coarse filter, including single pass filtration effi-
ciency for 0.3–10 μm particles, pressure drop, PM2.5 collecting amount,
charging power and energy consumption. Single pass filtration effi-
ciency of particles (η) with a certain size within a 10-min sampling
cycle was calculated by:
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where dPM is the size range of particles, μm; Cn,down and Cn,up are the
average number concentrations of particles measured at the upstream
within a 4-min sampling and downstream within another 4-min sam-
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Collecting amounts (CA, g/m2) of PM2.5 were approximately esti-
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where CAacc,n(PM2.5) is PM2.5 accumulative collecting amount after n
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day(s), g/m2; CAdaily,d(PM2.5) is PM2.5 daily collecting amount in the
dth day, g/m2; t is the time in a day, hour; Cm,t(PM2.5) is PM2.5 mass
concentration in the corresponding time t obtained from Wanliu me-
teorological station, μg/m3; ηm, t(PM2.5) is the estimated time average
single pass filtration efficiency of PM2.5 in the corresponding time t; vair
is the face air velocity across the EAA coarse filter, m/s; dPM,1=0.4 μm,
dPM,2=0.75 μm, and dPM,3=2 μm are mean values of the size range of
0.3–0.5 μm, 0.5–1 μm, and 1–3 μm particles, respectively.

Charging power of the EAA coarse filter (Pc, W/m2) was calculated
by:

= ⋅P U I
Ac
c c

(5)

where the subscript c stands for charging; U is the supply voltage, kV; I
is the loop current, mA; A is the cross sectional area, 0.204× 0.120m2.

We previously defined the total power use per unit area (Pt, W/m2)
of devices for aerosol particle removal as sum of the power dissipation
of the device and the fan, which was determined as follows [9]:
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where Pd is the power dissipation of the device, W/m2, and when there
is no electricity applied to the device (such as HEPA filters and electret
filters), Pd= 0; Pf is the power dissipation of the fan, W/m2; the sub-
script p stands for polarizing; Δp is the pressure drop across the device,
Pa; ηfan= 0.71 is the total fan efficiency [17].

When considering the long-term effect, we used accumulative en-
ergy consumption (Wacc, kWh/m2) to evaluate the performance of de-
vices for aerosol particle removal, which was calculated by:
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where Wacc,n is accumulative energy consumption after n day(s), kWh/
m2; Pt,d is the average total power use per unit area in the dth day, W/
m2.

2.4. Statistical analysis method

We used K-means clustering analysis method [26–28] to classify
daily data into several groups basing on the curves of single pass fil-
tration efficiency for 0.3–0.5 μm particles versus time during every
single day. For each day, there are 144 efficiency data (10-min average)
as variables to be considered in the clustering analysis. We discarded all
data in the day if there were less than 137 efficiency data (95% data) in
that day. Only 7 out of 51 days’ data were discarded, including De-
cember 20th, 23rd, 29th, January 10th, 15th, 16th, and February 8th.
In the K-means clustering analysis method, the clustering number could
be determined manually and then the corresponding number of cluster
centers would be extracted from the data set automatically. The cate-
gory computation was based on the value of Euclidean distances be-
tween each data point and cluster centers. After a series of iterations,
adjacent data were clustered into a group. The clustering number which
was determined basing on the standard deviation of Euclidean distances
in every group should be as small as possible [27]. Eventually, the
clustering number was determined to be 8 after several attempts on 4 to
10. The maximum iterations for convergence were set at 10.

Principal components analysis (PCA) method was used to reduce the
number of influencing factors discussed [29,30]. We used the data of 9
original determined influencing factors as variables in PCA, including
air temperature (Tair), air moisture content (dair), particle number
concentration (Cn,up) of different ranges including 0.3–0.5 μm,
0.5–1 μm, 1–3 μm, 3–5 μm and 5–10 μm, PM2.5 mass concentration
(Cm(PM2.5)), and PM2.5 collecting amount (CAacc(PM2.5)). The analysis
was based on correlation matrix. The principal component number was
determined by eigenvalue λ > 1. The maximum iterations for

convergence were set at 25. The score coefficients of principal com-
ponents were obtained by regression method with varimax rotation.

3. Results

3.1. Environmental and operation parameters

The changes of environmental parameters including Tair, dair, and
Cn,up(0.3–10) in 51 days were shown in Fig. A1 in Appendix. During the
operation period of EAA coarse filter, Tair varied from 1.4 to 24.5 °C
with an average value of 13.4 °C, and dair varied from 0.50 to 3.52 g/kg
with an average value of 1.53 g/kg. The average Cn,up(0.3–10) were
approximately 1.3× 105 pcs/L, 2.4× 104 pcs/L, 1.5× 103 pcs/L, 44
pcs/L and 10 pcs/L for 0.3–0.5 μm, 0.5–1 μm, 1–3 μm, 3–5 μm and
5–10 μm particles, respectively.

The changes of operation parameters including charging voltage
(Uc), charging current (Ic), polarizing voltage (Up) and polarizing cur-
rent (Ip) in 51 days were shown in Fig. A2 in Appendix. During the
operation period of EAA coarse filter, Uc and Up were well controlled
between +11.99 ~ +12.02 kV and +25.00 ~ +25.10 kV, respec-
tively. However, Ic increased from 0.080mA at the beginning (the 1st
day) to 0.156mA at the end (the 51st day) of the operation period. Ic
also showed irregular changes between 0.045mA and 0.156mA with
an average value of 0.093mA during the operation period. The cause
for the changes in Ic might be the changing of environmental para-
meters including air temperature [31–33], air humidity [32,34], at-
mospheric pressure [33,34], particle concentration and distribution
[35,36], particle relative dielectric constant and component [37,38],
and charging pins’ material [39,40] and contamination [35,41]. We
discussed the main factors that influenced the charging power (Pc) of
EAA coarse filter in details in Section 4.1. Furthermore, Ip stayed at less
than 0.001mA during the whole operation period except for 3 times (in
the 14th, 15th, and 17th day) when Ip reached 0.010mA. The reason for
the sudden increase might be that as particles accumulated in filter
material along time, there would be micro-corona discharges in the
filter medium, due to the lower-mobility positive charges stored in the
captured particle [42,43].

3.2. Single pass filtration efficiency of the EAA coarse filter

Fig. 1 shows the long-term single pass filtration efficiencies for
0.3–0.5 μm ambient particles during the 51-day operation, and Fig. A3
in Appendix shows those for 0.5–10 μm. Each box in each figure re-
presents a set of 10-min average efficiencies in one day. The efficiencies

Fig. 1. Long-term single pass filtration efficiencies of the EAA coarse filter for
0.3–0.5 μm ambient particles.
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Fig. 2. Single pass filtration efficiencies for 0.3–0.5 μm particles (η(0.3–0.5)) in each day (24 h). The y axis of all figures is η(0.3–0.5) in %. The daily efficiencies were
clustered into 8 groups according to their value over time and were marked with different colours. In each group, dots with darker colour mean that their corre-
sponding date were later, while those with lighter colour mean that their corresponding date were earlier. The number of iteration for cluster analysis is 8. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 3. Long-term pressure drop of the EAA coarse filter at 1 m/s face air ve-
locity.

Fig. 4. Long-term PM2.5 collecting amount of the EAA coarse filter.
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for larger particles (0.5–10 μm) showed similar pattern to those for
0.3–0.5 μm particles along the 51-day operation. But the efficiencies for
larger particles were higher and had smaller variation ranges than those
for 0.3–0.5 μm particles. The average efficiencies for 0.5–1 μm, 1–3 μm,
3–5 μm and 5–10 μm particles were 90.5%, 95.3%, 97.7%, and 97.1%,
respectively. In the following part, we only discuss the efficiencies for
0.3–0.5 μm particles (η(0.3–0.5)) due to their relatively low efficiency
and large variation.

As time went by, the charging pins got contaminated as shown in
Fig. A4 in Appendix, which restricted the corona discharge and reduced
the charging current. We cleaned the charging pins by brushing off the
accumulated particulate matter on them in the 27th day. The images of
a new charging pin (the 1st day), one before cleaning (the 27th day),
one after cleaning (the 28th day) and one at the end of operation period
(the 51st day) were shown in Fig. A4.

During the whole operation period, η(0.3–0.5) varied from 51.7% to

98.9% with an average value of 87.6%. However, even in one day,
η(0.3–0.5) changed a lot. The efficiency change range varied from 2.0%
to 36.2% with an average value of 13.9% (absolute value) within one
day. Such efficiency pattern of EAA coarse filter was different from that
of electrostatic filtration in previous studies, which showed only in-
crease or only decrease during the operation time [14–21]. We pre-
sented the curves of η(0.3–0.5) versus time during each day (24 h) and
clustered them into 8 groups as shown in Fig. 2. We further summarized
these 8 groups into 2 typical types (S and US) according to the shape of
efficiency curves, except for Groups #4 and #8 which had only 3 curves
in total and these curves were far different from those in other groups.
Groups #1~#3 were summarized as Type S, whose efficiencies were
relatively steady during a continuous one-day (24 h) operation. Groups
#5~#7 were summarized as Type US, whose efficiencies were rela-
tively unsteady and would decrease during the daytime and then re-
covered within the day. Since 95% of curves in Type S were obtained

Fig. 5. Relationships between charging power (Pc) of the EAA coarse filter and air temperature, air moisture content, number concentration of 0.5–1 μm and 3–5 μm
particles, and PM2.5 mass collecting amount. r stands for correlation coefficient and p stands for significance value. Linear fit lines were drawn when p < 0.05. (*:
Correlation is significant at 0.05 level (2-tailed); **: Correlation is significant at 0.01 level (2-tailed)).
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before Jan 22nd (34th day), and 73% of curves in Type US were ob-
tained after Jan 22nd (34th day), we supposed that Type S represents
the early-period's performance of EAA coarse filter, while Type US re-
presents the late-period's.

3.3. Pressure drop and particle collecting amount

Fig. 3 and Fig. 4 show the long-term pressure drop and particle
collecting amount for PM2.5 of the EAA coarse filter. During the 51-day
operation, the pressure drop increased from 14.6 Pa to 63.1 Pa at 1m/s
face air velocity. Meanwhile the PM2.5 accumulative collecting amount
reached 163.2 g/m2 at the end of operation period. The PM2.5 collecting
amount grew up as ambient particles being captured by EAA coarse
filter, making pressure drop across the filter increase.

4. Discussion

4.1. Charging stability and its influencing factors

Charging power (Pc) is a key characteristic of an EAA coarse filter
because it strongly influences both filtration efficiency and energy
consumption. Here, we use hourly average data to discuss 9 influencing
factors, including air temperature (Tair), air moisture content (dair),
upstream particle number concentrations (Cn,up) of 0.3–0.5 μm,
0.5–1.0 μm, 1.0–3.0 μm, 3.0–5.0 μm and 5.0–10.0 μm, PM2.5 mass
concentration (Cm(PM2.5)), and PM2.5 collecting amount CAacc(PM2.5)
on Pc.

PCA method was applied to distinguish the key factors among the 9
factors. The detailed results and description are shown in Tables A1-A3
in Appendix. Eventually, we obtained 5 key influencing factors on Pc,
including Tair, dair, Cn,up(0.5–1), Cn,up(3–5) and CAacc(PM2.5). Their
individual relation with Pc is shown in Fig. 5.

Fig. 6. Relationships between single pass filtration efficiency for 0.3–0.5 μm particles (η(0.3–0.5)) and air temperature, air moisture content, number concentration
of 0.5–1 μm and 3–5 μm particles, and PM2.5 mass collecting amount. r stands for correlation coefficient. Linear fit lines were drawn when correlation is significant at
0.05 or 0.01 level. (*: Correlation is significant at 0.05 level (2-tailed); **: Correlation is significant at 0.01 level (2-tailed)).
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It is shown in Fig. 5 that Tair and CAacc(PM2.5) both have a sig-
nificant positive correlation with Pc. A Tair increase from 10.8 °C to
21.7 °C led to a Pc increase from 38.7 to 76.5W/m2, and a CAacc(PM2.5)
increase from 0.02 to 162.7 led to a Pc increase from 39.2 to 76.5W/
m2. When Tair increased, the corona onset voltage (Vons) of charging
pins declined [31–33]. When we controlled the charging voltage (Uc) at
a constant value, the charging current (Ic) would increase, making Pc
increase. Moreover, as time went by, CAacc(PM2.5) on the filter material
grew, and the charging pins got contaminated at the same time (as
shown in Fig. A4), so discharging points on charging pins increased,
making Pc increase [35,41].

4.2. Filtration efficiency stability and its influencing factors

Filtration efficiency and its influencing factors determined the EAA
coarse filter's application. We selected Group #3 to represent Type S
period (early period with steady filtration efficiency), and Group #7 to
represent Type US period (late period with unsteady filtration effi-
ciency). Following the similar PCA analysis in Section 4.1, we obtained
5 key influencing factors on the single pass filtration efficiency for
0.3–0.5 μm particles, η(0.3–0.5), according to the results shown in
Tables A4~A9 in Appendix (Tables A4~A6 for Group #3, Tables
A7~A9 for Group #7). They were Tair, dair, Cn,up(0.5–1), Cn,up(3–5) and

CAacc(PM2.5). Fig. 6 shows the relationships between η(0.3–0.5) and
these 5 key factors.

Fig. 6 shows that for Group #3 representing early period with
steady filtration efficiency, Tair, dair, Cn,up(3–5) and CAacc(PM2.5) all
have a significant positive correlation with η(0.3–0.5). As has been
discussed, increasing Tair led to stronger charging power (Pc), so am-
bient particles got more charge. Therefore, the electrostatic force be-
tween the charged particles and the polarized filter fibers (Fe) got
stronger [44], making η(0.3–0.5) increase. As for influence of dair, since
relative dielectric constants of both ambient particles and filter fibers
would become larger when dair grew [45], Fe would then get stronger
[44] and make η(0.3–0.5) increase. Moreover, increasing concentration
of larger particles (Cn,up(3–10)) may cause stronger agglomeration ef-
fect between particles, making η(0.3–0.5) of the EAA coarse filter in-
crease. Such phenomenon was also observed in electrostatic precipita-
tion (ESP) [36,46–48]. Furthermore, in the early period which Group
#3 represents, filter's filling rate would increase as CAacc(PM2.5)
growing up. The mechanical filtration efficiency was therefore en-
hanced, and at the same time making the total filtration efficiency in-
crease [37].

For Group #7 representing late period with unsteady filtration ef-
ficiency, only CAacc(PM2.5) has a significant negative correlation with
η(0.3–0.5). This phenomenon is opposite to the early period's. The
reason might be that when charged particles accumulate a lot on di-
electric filter fibers, the binding force in particle chains will weaken
[49], which is a similar phenomenon known as electrostatic accumu-
lation in ESP [50,51]. However, electrostatic accumulation did not
dominate in early period. Thus, as CAacc(PM2.5) growing larger in the
late period, the coming particles may be rejected by captured charged
particles, or the captured particles may be re-suspended, both of which
may result in decreased filtration efficiency. Moreover, the efficiency
becoming relatively unsteady might also be caused by the re-suspension
of particles from the filtration device. Other 4 parameters in Fig. 6 did
not individually show significant correlation with η(0.3–0.5) in Group
#7. It indicates that in the late period when filtration efficiency of EAA
coarse filter became unsteady, η(0.3–0.5) may be influenced by coupled
factors, or there might be some other strong influencing factors in the
late period.

4.3. Comparison with a conventional electret filter

We compared the long-term performance of the EAA coarse filter
with the conventional electret filter by their PM2.5 accumulative col-
lecting amount (CAacc(PM2.5)) and accumulative energy consumption
(Wacc). The long-term single pass filtration efficiency for 0.3–0.5 μm
particles and pressure drop of the conventional electret filter were

Fig. 7. Accumulative energy consumption of the conventional electret filter and
the EAA coarse filter with growing PM2.5 accumulative collecting amount at
1 m/s face air velocity.

Fig. 8. Images of upwind and downwind sides of the used conventional electret filter and EAA coarse filter.
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shown in Fig. A5 in Appendix. The average single pass filtration effi-
ciencies of the conventional electret filter for 0.3–0.5 μm, 0.5–1 μm,
1–3 μm, 3–5 μm and 5–10 μm particles were 97.2%, 97.5%, 97.8%,
98.2%, and 98.3%, respectively during the 43-day continuous opera-
tion. As shown in Fig. 7, when CAacc(PM2.5) was lower than 30 g/m2,
the EAA coarse filter and conventional electret filter had close Wacc

(including energy consumption of fan and the filter). When
CAacc(PM2.5) exceeded 30 g/m2, Wacc of the conventional electret filter
rose faster than that of the EAA coarse filter as CAacc(PM2.5) increased.
We suggested the life time of the EAA coarse filter in this study being 33
days, when the filtration efficiency became unsteady along the daytime
operation. Therefore, the PM2.5 dust holding capacity of EAA coarse
filter was suggested as 131 g/m2 andWacc was 56 kW h/m2 at that time.
However, though the conventional electret filter similarly collected
130 g/m2 PM2.5 after 25-day operation, its Wacc was 101 kW h/m2 at
that time, about 1.8 times the EAA coarse filter's.

In long-term operation, the conventional electret filter consuming
more energy than the EAA coarse filter in that the conventional electret
filter had a larger filling rate and got blocked on the upwind side more
easily to have a faster pressure drop increase than the EAA coarse filter
[52]. Fig. A6 in Appendix support this suspicion, showing that the pe-
netrated particles out from the conventional electret filter became less
as time going, while those out from EAA coarse filter did not change
much. Fig. 8 shows the particles depositing on the upwind and down-
wind sides of the EAA coarse filter and the conventional electret filter. It
indicated that the particles deposited on both upwind and downwind
sides of EAA coarse filter due to electrostatic force between the polar-
ized filter fiber and particle chains as well as between accumulated
particles [53]. However, as shown in Fig. 8, particles deposited in cakes
mainly on upwind side of the conventional electret filter, and there
were few particles depositing on the downwind side. Thus, EAA coarse
filtration would have a larger effective particle collecting area and
slower pressure drop increase than surface filtration [5,54], and
therefore would have a larger dust holding capacity.

5. Conclusions

During the 51-day operation period, the single pass filtration effi-
ciency of EAA coarse filter did not show obvious decrease with average
values of 87.6%, 90.5%, 95.3%, 97.7%, and 97.1% for 0.3–0.5 μm,
0.5–1 μm, 1–3 μm, 3–5 μm and 5–10 μm ambient particles, respectively.
The pressure drop across the EAA coarse filter increased from 14.6 Pa to
63.1 Pa at 1m/s face air velocity. Basing on PCA analysis, air tem-
perature and PM2.5 collecting amount were determined to have a sig-
nificant positive correlation with the charging power of EAA coarse
filter. In the early period (defined by K-means clustering analysis
method) with relatively steady filtration efficiency, air temperature, air
moisture content, the average number concentrations of 3–10 μm par-
ticles at the upstream and PM2.5 collecting amount all have a significant
positive correlation with η(0.3–0.5). While, only PM2.5 collecting
amount has a significant negative correlation with η(0.3–0.5) in the late
period when filtration efficiency was relative unsteady. This study
supports the basis data to more clearly understand what parameters are
the key influencing factors on long-term performance of the EAA coarse
filter and how they influence. We suggested the life time of the EAA
coarse filter in this study being 33 days, when the filtration efficiency
became unsteady along the daytime operation.

Compared with that of a conventional electret filter, the total energy
consumption of the EAA coarse filter rose more slowly as PM2.5 total
collecting amount increased. For example, the PM2.5 dust holding ca-
pacity of EAA coarse filter was suggested as 131 g/m2 and the accu-
mulative energy consumption was 56 kW h/m2 after a continuous 33-
day operation. By contrast, the conventional filter similarly collected
130 g/m2 PM2.5 after a continuous 25-day operation, but its accumu-
lative energy consumption was 101 kW h/m2 at that time. Therefore,
the EAA coarse filtration is an energy efficient method for ambient

particle removal in the view of its long-term performance.
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