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An Benefit-cost Analysis of the Cleaning Device for Photovoltaic Power
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Abstract

This study aims to analyze the benefit—cost of the cleaning device for photovoltaic power generation systems in
buildings in order to check its economic feasibility. A product, which has similar characteristics to the
ultrasound-based cleaning device and is widely used in South Korea, was selected to compare with the benefit-cost
value of the ultrasound-based cleaning device in this study. In order to quantitatively and qualitatively analyze benefit
and cost aspects of the two products, categories and evaluation factors of each aspect as well as evaluation criteria
were identified. Based on the identified evaluation factors and criteria, this study conducted face-to—face interviews
with 15 experts to measure weights of benefit and cost aspects of the products. As the results, the total benefit weight
of the ultrasound-based cleaning device was larger than its total cost weight since the benefit-cost value was greater
than 1, which was 1.6 times of that of to compared product. Therefore, from the economic perspective, it is worth to
develop the cleaning device for photovoltaic power generation systems applying ultrasound technology.

Keywords : cleaning device for photovoltaic power generation system, benefit-cost analysis, ultrasound technology, expert
questionnaire
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Literature review

Selection of comparable products for benefit-cost
analyses

v

Analysis on differences between general
characteristics of the selected two products

v

Design of structure of the hierarchy for comparison

v

Identification of evaluation factors and their criteria

v

Pilot questionnaire and questionnaire design

v

Face-to—face interview with 15 experts

v

AHP-based benefit-cost analysis

Figure 1. Research procedure
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Table 1. Previous studies on maintenance of photovoltaic power
generation systems

Author (year) Content

To develop a cleaning and cooling system of

Choi et al. X :
(4] photovoltaic solar modules to improve performance
of photovoltaic power generation
To analyze power generation efficiency according
Kang et al. ) ” ;
(5] to maintenance conditions of a photovoltaic
equipment for detached houses
To propose a manual for operation and
Kim(6] maintenance of photovoltaic power generation
systems
To analyze the number and types of problems
Yool7] detected in the operation stage of photovoltaic
systems for apartment houses
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Table 2. Previous studies on benefit-cost analyses

Author (year) Content

To identify evaluation indicators associated with
cost and benefits and investigate validity of various

Jung(g] alternatives by analyzing benefit-cost ratio and
payback periods
To identify evaluation indicators to determine
Hong and ) ) ) )
appropriate areas for residential environment
Hongl9] i
management projects
To identify potential factors to evaluate social
Lee et al. [10] values of green buildings in South Korea using

AHP and analyze their importances
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Figure 2. Existing washing devices for photovoltaic power
generation systems
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Figure 3. Proposed cleaning device for photovoltaic power
generation systems
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Table 3. Comparison of the ultrasound-based cleaning device
and product H

Ultrasound-based

Product Product H cleaning device
. Brush integrated with
Brush type Simple brush ultrasound technology
Weight 10kg 7kg
Including a portable
No portable ultrasound :
generation device and ggﬁgguggdgeneranon
Brush Ejrg\r;iirenlssmn gear transmission gear
device
Cleaning Simple water injection Sprinkler head for
capability system only water injection
Coupler connection
Length Telescoping pole method for adjusting
adjuster method for adjusting length A(Improved force
length transmission capability)
Material: aluminium Material:  carbon
Cleaning productivity
Low cleaning improved by weight
Productivity productivity due to reduction and
simple brush improved cleaning
capability
Amount of Water reduction by
used water reduced cleaning time
Labor cost reduction
Eg:sr}gm;? Labor cost - by reduced cleaning

time

A/S cost due to
breakdown of
ultrasound generation

Additional cost for
Maintenance brush replacement due

cost to its abrasion and e
pollution Sg\o/li Ctg;nsmlsswn gear
investment. kRw 500,000 KRW 1,000,000
Weight B Increased mobility by
reduction weight reduction

Additional time
required for adjusting
length because of the

Quickly adjusting

Usability  Usability of length of the device

acljejagtz]rs during cleaning coupler connection
processes method during
cleaning processes
Increasing the risk of Reducing the risk of
Risk of falling due to relatively falling due to relatively
falling short length of the long length of the
device device
(total length: 8m) (total length: 10m)
Safety Increased risk of
; electric shock due to
Ellggtr?c]( _ application of ‘
shock ultrasound generation

and transmission gear
devices
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Table 4. Evaluation indicators and criteria of the benefit

aspect
Evaluation )
Category indicator Description
Improvement of the cleaning performance
Cleaning by applying ultrasound technology
performance  Quickly cleaning through water-injection of
improvement  a sprinkler head installed in the front part
Cleaning of the washing device
capability }gwrgreovemem oflmprovement of the cleaning performance
transmission by force transmission capability enhanced
capability of by implementing the coupler connection
pability method
the grip
- Reduction of labor cost through
Economic ﬂg?gfgr\ggm productivity improved by weigh reduction,
feasibility S\r;hanced Clean|ng performance, th. f
Water reduction'Vater reduction caused by reduction o
cleaning time
L. Weight Improvement of the mobility by weight
Usability reduction reduction
Safet Reduction of  Reduction of risk of falling due to
Y risk of fall increased length of the device

Table 5. Evaluation indicators and criteria of the cost aspect

Category Eixgligggn Description
’ Damage of
Cleaning glass surface Damage of glass surface of modules
capability of modules
Rising maintenance cost due to
breakdown of devices
’ - Product H - brush replacement, etc.
&%ptﬁgfggge - Ultrasound-based cleaning device -
A/S of ultrasound devices and
Economic transmission gears, battery recharging
feasibility and replacement, etc.
Rising investment cost for applying new
technologies
Investment - Product H - KRW 500,000
- Ultrasound-based cleaning device -
KRW 1,000,000
Additional working time for adjusting
Usability of length of devices during cleaning
Usability length - Product H - telescoping pole
adjusters - Ultrasound-based cleaning device -
coupler connection method
Increase of Increasing risk of electric shock due to
Safety  risk of electric application of ultrasound generation and
shock transmission gear devices

591

5. "Y-u g &

1%

5.1 AHPE 0]
2 ol

os
s-°._*

SHp Hlm o)
£40] 7H53Ie3),
Slas WA o}

A% aaw Besl] AEs
S Bljgos g o

78‘%1]1

o

ofgt ol-vl§ BAS

5.1.1 #7171 £ A%
AHP7|H o] &8-S

102

3}
SI3t 3 ¥R AL AS BatEo]

U= A GRHEYARIES ASS= Aot AlS 4
2 A 840 A, 7 14, Aeeoleks 3PAE
A% J*Eq/\]ﬁ X]"”%E}. T7}~44 A5 HES &
e AR5k

Table 4%} Table 59} 2ol :[“‘éﬂﬁ’&‘:}.

512 AEzA 8

AR SHAR= HRgPaAn] o) tsto] SESE X4l
7H Aw7rel A7 ]§7H”P°ﬂ T3 S 7 A

Au] AJF A9} AE HE 7153] =
717 2 ol S3ysiglond, 2tz ‘éu
7I8kgatsli, FRISAR Ho-HE A4S HAlsto]



An Benefit-cost Analysis of the Cleaning Device for Photovoltaic Power Generation Systems in Buildings

by

Aok =SS

Table 6. Summary of the survey results

# of valid response Average
I # of working
Classification  rosponse ~ Number ~ Rate (%) experience
(year)
Industry 12 1 91.7 5.00
University 3 2 66.7 8.53
Institute 3 2 66.7 4.33
Total 18 15 83.3 5.38
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Table 7. Weights of the categories and evaluation indicators
of the benefit aspect

Category Evaluation indicator Alternative
- : - ' Ultrasound Product
Description  Weight Description Weight device
Cleaning
performance 0282 022 0071
Cleaning 0357 improvement
capability ’ Improvement of
force transmission  0.075 0.045 0.020
capability of the grip
) Productivity
IfEec:Snigmc 0343 improvement 0.287 0228  0.066
y Water reduction 0.056 0.036 0.013
Usability 0.121 Weight reduqtion 0.121 0.075 0.046
Safety  0.179 Reduction of sk of o479 o142 003
Total weighted value 0.748 0.252
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Table 8. Weights of the categories and evaluation indicators
of the cost aspect

Category Evaluation indicator Alternative
- . - .+ Ultrasound Product
Description  Weight Description Weight device
Cleaning Damage of glass
capability 0.250 surface of modules 0.290 0.148 0.142
Maintenance cost
Economic increase 0.173 0.086 0.041
feasibility 0377 Investment cost 5003 0491 0.060
increase ’ ’ )
. Usability of length
Usability 0.111 adjusters 0.111 0.080 0.032
Increase of risk of
Safety 0.221 electric shock 0.221 0.137 0.084
Total weighted value 0.642 0.358
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Table 9. Results of benefit-cost analyses

Alternative Benefit Cost B/C Rank
Ultrasound-based
cleaning device 0.748 0.642 1.165 1
Product H 0.252 0.358 0.704 2
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