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Abstract This study aims to analyze the economic feasibility of drones used to solve the agricultural
labor shortage. We performed an economic feasibility analysis by calculating the cultivated area that
forms the break-even point following the introduction of drones and conducted a survey on the
perception of drone use. The survey was conducted on farms in Jeollabuk-do using drones. The
break-even point analysis was conducted using the results of an in-depth survey on six farms in
Jeollabuk-do. The results show that the break-even area of drone introduction was calculated to be 33.3
ha for conventional pesticide application farms and 53.8 ha for entrustment pesticide application farms.
The calculated break-even area is the minimum cultivation area for introducing drones, and it means
that there is no economic feasibility of introducing drones for farms with a smaller cultivated area than
the break-even area. From a sensitivity analysis that changed the conditions affecting the introduction
of drones, we found that the break-even area of the introduction of drones responds more sensitively
to changes in the number of pest control times and consignment farming costs than to the price of
drones. Awareness of drone use was surveyed on a 7-point Likert scale. The results showed that the
overall satisfaction was 6.5 points, and the intention to continue using drones was found to be high at
6.6 points. In particular, the satisfaction with the labor-saving effect of farms was very high at 6.8
points. On the other hand, short battery life (6.5 points), high drone price (5.9 points), and high
insurance premiums (5.8 points) were recognized as major difficulties in employing drones.
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Table 1. Status of farm households using drone

Category Mean Std.dev

Age 47.9 8.7

Career of farm 19.6 11.6
Participating household members 2.2 0.9
Category Respondents

(Percentage)

Drone operation Haved 31 (73.8)
license Not haved 11 (26.2)
Middle school 4 (9.8)

Academic background High school 11 (26.8)
College 26 (63.4)
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denotes introduction technology, CONV denotes

conventional technology
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Table 2. Fixed cost of drone and conventional farm

(Unit : thousand won, year)
Survey Application
Category ) Service ) Service
Price life Price life
Fuselage [11,000~28,000| 5-7 20,000 5
Dro- |Battery(one)| 700~1,500 2-5 1,000 3
ne Charger 800~1,500 5-10 1,000 10
Generator 500 10 500 10
Sprayer 350 7 350 7
Con~ | Rewinder | 1,500 15 1,500 15
o | Hose 300 10 300 10
etc. 200 15 200 15
Vehicle** 17,000 10 17,000 10
Repair cost rate 3%
Capital interest rate 4.5%

* Battery usage is assumed to be five
** Rate of vehicle utilization is assumed to be 15%

Table 3. Variable cost of pesticide application

(Unit : thousand won, year)
Category Survey Application
Number of control 2~4times/year 3times/year
Labor force 1~2person/1day | 2person/lday
Drone Oil Usage* 20~401/1day 300/1day
Control Area(1day) 8~13ha 10ha
Labor force 3person/1day 3person/1day
gzgf; 0l Usage 501/1day 501/1day
Control Area(1day) Sha Sha
Labor cost 140,000won/person
Disel 1,100won/!
Cost of trusted farming 75,000won/ha

* Drones use electricity when charging and gasoline when
using generators. However exclude due to small amount
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Table 4. Purchase year and specification of drone

(Unit : person, %)
Purchase R dent C it R dent
vear espondents apacity espondents
2014 1 24 51 1 .4
2015 4 (9.8
10l 34 (82.9)
2016 4 (9.8
2
2017 5 (105 | 16! “9
2018 19 (46.3) 18l 2 (4.9
2020 5(12.2) 20l 2 (4.9
71419 7FAL =Ato] 2 wHA wiE Y] - =2
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Table 5. Price of drone and batteries

(Unit : thousand won, %, number)
price of Subsidy Numfber Unit price
drone ratio ° of battery*
battery
Mean 22,595 36.3 9.6 729
Std.dev 7,108 35.0 6.0 255

462,

* Average price(thousand won): domestic products
Imported products = 766
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Table 6. Actual user of drone and number of crops
using drone

(Unit : people, %)
Actual Respondents number of Respondents
User crops
In person 37 (90.2) 1 14 G4.1)
2 17 (41.5)
Family 4 08 3 or more 10 (24.49)

Table 7. Utilization of drones by crop

(Unit © 1,000m”, time)
Number of times
Crop Utilized - -
area Pe.stl— Fért1— Sowing
cide lizer
Mean 183 3.4 1.8 N
Rice
Std.dev 175 1.3 1.0 -
Mean 111 4.8 1.3 -
Soybean
Std.dev 71 2.0 0.5 -
Second | Mean | 100 2.1 2.0 1.0
crop Std.dev 49 0.9 1.0 N

Table 8. Status of trusted farming using drone

Replacing the pesticide application
Farm Revenue Unit price
households (thousand won) 9
(People) v (won/3.3m")
Mean Std.dev Mean Std.dev |
18 (42.9%) 6,458* 4,362 22.2 5.7

* Calculated only for farms that are replacing the
pesticide application work of nearby farms
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Table 9. Break-even analysis of drone
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(Unit : thousand won)

Category of cost Value Calculation formula
Fuselage 4,000
iati Battery 1,667
Depreciation Purchase price/Service life
cost Charger 100
Fixed Generator 50
cost
Repair cost 795 YPurchase price XRepair cost rate
Drone Capital interest 596 Y 'Purchase price +2XInterest rate X Utilization rate
Total 7,208
Labor cost 28 Labor costXperson—Control area(lday)
Variable Qil cost 3 Oil cost XQuantity +Control area(l1day)
cost Capital interest 1 XVariable cost~+2XInterest rate
Total 32
High-pressure sprayer 50
Rewinder 100 .
Depreciation Purchase price/Service life
Hose 30
cost
Fixed ete. 13
cost Vehicle 255 Purchase price/Service life XUtilization rate
Convent Repair cost 147 Y Purchase price XRepair cost rate
ional Capital interest 110 X'Purchase price+2XInterest rate X Utilization rate
Total 706
Labor cost 84 Labor cost Xperson~+ Application area(lday)
Variable Oil cost 11 Oil cost XQuantity + Application area(1day)
cost Capital interest 2 YVariable cost+2XInterest rate
Total 97
Cost of trusted farming(with capital interest) 77

Table 10. Break-even area of introduction drones

(Unit : Thousand won, ha)

Category Value Calculation formula
Additional cost(A) 6,502 Fixed cost(drone)-Fixed cost(conventional)
Co_r»lv]e)r::)ig:al Reduce cost(B) 65 Variable cost(conventional)-Variable cost(drone)
Break-even area 333 (A)+(B)+Number of control
Additional cost(C) 7,208 Fixed cost(drone)
Trusdelizilr;ﬂng Reduce cost(D) 45 Variable cost(trusted farming)-Variable cost(drone)
Break-even area 53.8 (C) (D) ~Number of control
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pesticide application frequency oEy] WAL 9lety

(Unit : ha)

i
BH7F 1had 6

81.9hadllA 1074¥e 2 &7} & wfj 31.9ha7tA] &4

L 57h9 49 58 =99 &
o]
N

1499

El

g9 9

1 0O

Pesticide application frequency ‘8]—1:— Aom L]— 1;1_1:]_
3time 4time Stime Gtime = n ]:4— ’ _
Conventional E]Z:]-E _‘:‘,._/‘Kj'é = %‘Q—ZJ"QE gﬁ%i?ﬂ
333 25.0 20.0 16.6 _
~ Drone oy =EAAe] ARG PA5Rs} Pl
Trusdei;“:“g 53.8 40.3 323 26.9 9] Wizlo] WIZsHA RhEoke ZA0E YETH

3.3 QA

Table 12. Break-even area according to price

changes of drone and battery
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Table 14. The propensity of farmers to using drone (7-point scale)

Category Content mean Std.dev
I am interested in new technologies and varieties 6.0 1.3
Technol

X echno o.gy I try to experience new technologies and varieties before others 6.0 1.3

introduction
I've been quickly introducing new technologies and varieties into farming 5.9 1.2
I frequently participated in farming education of rural development institutions 5.8 1.5

Participation i
ar }Clpa]lOl’l'é; Participation in farming education helps to increase agricultural income 5.2 1.6
I will continue to participate in farming education. 6.0 1.2
I have a reserve funds(for repair of facilities, new investment, etc.) 4.0 1.7
Status of funds Currently, I have a lot of money required(on raising children, investing in facilities, etc). 53 1.6
I am burdened with investing in farming(facility investment, technology introduction, etc.). 6.0 1.1
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Table 15. Motivation and reason for drone introduction

(Unit : person, %)
Motivation for introduction Respondents Reason for introduction Response
1st priority | 2nd priority
Reduction of labor and working hours 38 (90.5) 4 9.5
Spontaneously 29 (69.1)
The size of the subsidy when purchasing a drone is large 2 (4.8 11 (26.2)
Reduce pesticide exposure and heat damage 2 (4.8 8 (19.1)
By viewing nearby farms 9 (21.4)
Higher application effect than conventional methods - 9 (21.4)
Becommendation by the i ©5) A variety of agricultural work(seeding, application) is possible. - 6 (14.3)
Agricultural Technology Center Additional income can be obtained by working for nearby farms. - 4 (9.5)
Total 42 (100.0) Total 42 (100.0) | 42 (100.0)
Table 16. Satisfactions of using drone(7-point scale)
Cagegory Content mean Std.dev
Interest before introduction I was Interested in drones even before introduction 5.6 1.9
Drone is effective in reducing labour and working hours 6.8 0.4
Usefulness Drone is effective in reducing pesticide exposure and heat damage 53 1.8
Drone is capable of various agricultural operations(seeding, pesticides, etc.) 53 1.5
I am overall satisfied with the introduction of drone 6.5 0.9
I am satisfied with the technical support for using drone 3.1 1.7
Satisfaction I am satisfied with the size of the subsidy for the purchase of drone 4.1 1.8
I am satisfied with the educational support for drone 3.7 1.9
I am satisfied with the measures taken by rural development institutions in response to difficulties 2.8 1.7
I have reduced operating costs through the introduction of drone 5.4 1.5
Effect of Income I have obtained additional income through working for nearby farms 4.0 2.2
I am satisfied with the increase in income through using drone 5.4 1.2
I will continue to using drone 6.6 0.9
Introdiction of I plan to purchase additional drones 5.6 1.7
technology
I am willing to recommend drones to nearby farms 5.9 1.3
Table 17. Difficulties in using drones(7-point scale)
Content Mean | Std.dev Content Mean | Std.dev
1. Purchase cost of battery is expensive 6.5a 0.9 7. Repair cost is high 4.6cd 1.6
2. Purchase cost of drone is expensive 5.9b 1.4 8. Frequent breakdown 3.7e 1.7
3. Insurance cost is high 5.8b 1.6 9. Difficult to get a/s 3.7e 2.0
4. Low battery life 5.7bc 1.3 10 .Low utilization (rate of operation) 2.4f 1.6
5. Getting and education is difficult and expensive | 4.9¢ 1.9 11 .Complaints caused by the scattering of pesticides 1.9g 1.7
6. Using drone is difficult due to obstacles 5.0cd 1.8 12. Complaints caused by noise 1.1h 0.3

Note: a~h show the Wilcoxon test results(10% significance level). For example, 4.(b) vs. 4.(bc) and, 4.(bc) vs. 5.(c) have no significant
difference in mean. However, there is a significant difference between 3.(b) vs. 5.(c).
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Table 18. Solutions paths for problems and expansion of drone dissemination

(Unit : person, %).

Response
Solution way| Respondents Measures for spreading drones
1st priority 2nd priority
Expansion of the size of subsidy per farmhouse 29 (69.1) 7 (16.7)
Agency (75;336) Expansion of eduction for using drone 7 (16.7) 21 (50.0)
: Strengthening publicity for drone technology 3 (7.1 5(11.9
Improving the expertise of the person in charge of spreading technology 1 2.4 1 4
9 Visit research institutes or farms that have applied new technologies - 4 (9.5
On my own (21.4) Complementing drone technology - 2 4.7
Etc. 2 4.7) 2 (4.7)
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