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Experimental research on environmentally friendly cleaning agents for oily dust
on photovoltaic modules

DENG Xuming!, WEN Huifeng', ZHANG Heng!, ZHANG Lei?

(1. Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China;
2. Huaneng Hunan Yueyang Power Generation Co., Ltd., Yueyang 414002, China)

Abstract: The oily dust on photovoltaic (PV) modules significantly reduces power generation efficiency, but
conventional cleaning agents suffer from poor cleaning performance, cause environmental pollution, and bring
component corrosion risks. This study analyzed the dust composition via XRF, XRD, and ignition methods,
revealing that organic matters with a mass fraction of 17.52% cause high adhesiveness. An eco-friendly cleaning
agent was developed by optimizing the formulation via a four-factor three-level orthogonal experiment using Class
A eco-friendly components. Its degradation and corrosion properties were verified through the continuous activated
sludge method and immersion experiments. The results showed 10 g/m=oily dust could reduce the PV module
power by 30.28%, while the cleaning agent achieved a cleaning efficiency of 99.84% at 30-fold dilution. The
cleaning wastewater with a COD of 3 000 mg/L achieved a biodegradability of over 90.41%. Field application on
oil plant rooftops restored 79.4% power efficiency and raised surface temperature by 5.6 °C. Costing only 0.5 yuan
per square meter and causing no corrosion to PV modules, the proposed cleaning agent outperforms commercial
alternatives. It enables efficient and eco-friendly cleaning, ensuring stable operation of PV power stations and
improving power generation efficiency.

Key words: photovoltaic modules; environmentally friendly cleaning agents; oily dust
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Fig.1 Dust accumulation on photovoltaic modules on the

roofs of a grain and oil processing plant and a machinery
factory in Yueyang
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Tab.1 Elemental analysis of the rooftop PV dust in a grain
and oil processing plant and a machinery factory in

Yueyang

Atk R BTG R4 U B IO R

HeF JLE w/% JLE w/%
1 0} 61.3 O 54.3
2 Si 244 Si 23.2
3 Al 4.0 Fe 8.0
4 Ca 3.9 Al 7.0
5 Fe 23 K 18
6 K 21 Ca 16
7 Mg 0.7 Mg 1.0
8 Na 0.3 Na 0.6
9 S 0.3 S 0.2

7 2 EPREMRT RN BT ARRLIHERE S H
Tab.2 Phase analysis of rooftop PV dust in a grain and oil
factory and a machinery factory in Yueyang

B R BRI WUk B e R
iy Wik W/% Vit w/%
1 SiO; 42 SiO; 38
2 HAk 20 KAI(AlISiz010)(OH). 18
3 KAISi3Og 15 FHoAth 15
4 AlLO; SiO; 8 Al,O3 Si0; 10
5 CaCOs 7 Fe,03 8
6 CaMg(COs) 5 CaMg(COs)2 7
7 FesOs 3 (Fe, Ti)Fe;04 4
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Fig.2 1-V curves of photovoltaic modules under different
dust accumulation conditions
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Tab.3 Orthogonal experimental design for surfactant
compounding

VY Rl R R 43 4 KD 1% sEE B

rH APGI0 FMEE Wl 80 CAB /% 'VomL

1 4 3 2 4 8432 288

2 4 5 4 5 8465 267

3 4 7 5 7 8757 268

4 6 3 4 7 891 279

5 6 5 5 4 9016 236

6 6 7 2 5 8492 293

7 8 3 5 5 9059 289

8 8 5 2 7 8982 325

9 8 7 4 4 9250 305
B 1% 855 87.2 86.3 89.0
PIE 2% 873 88.2 88.0 86.7
B 3% 909 88.3 89.4 88.1
W Z21% 55 11 3.0 2.3
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Tab.4 Cleaning performance of the eco-friendly cleaning
agent with compounded additives

G5 Bl BAR MG BER%
1 10%A1+10%A2 5%B1  2%Cl 96.53
2 10%A1+10%A2 5%B2  2%Cl 95.42
3 10%A1+10%A2 5%B2  2%C2 96.16
4 10%A1+10%A2 5%B1  2%C2 98.74
5 15%A1+5%A2 5%B1  2%Cl 97.92
6 5%A1+15%A2 5%B1  2%Cl 93.35
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Tab.5 Operating data of photovoltaic modules before and
after cleaning

AR e R AR

WA REE

A FRAESRAE T . o

4 1 %[0, 25 [0

(KW Hh) I WERI% fEI'C FElC
e 655.2 224.6 62.7

Dayl = 77.9 5.9
Wiy 2105 46.8 56.8
we 4397 226.9 59.6

Day?2 = 79.0 5.3
Wiy 1347 46.1 54.3
wE 6931 233.1 62.9

Day3 812 57
WEy5 209.0 51.3 57.2
i 596.0 228.2 61.7

vy Y 79.4 5.6
WEyG 1847 51.4 56.1
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Fig.7 Corrosion experiment of the cleaning agent on
aluminum alloy plates
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Fig.8 Corrosion experiment of the cleaning agent on
galvanized steel sheets
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