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Improvement of Power Generation through Energy
Harvesting Technology in Low Sunlight Section
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Abstract Energy harvesting is a concept introduced in 1954 by Bell Labs in the US while conducting
research on solar cells that convert sunlight into energy. Such energy harvesting technology is a
technology that collects wasted or unused energy in daily life and recycles it as electric power. In
particular In the case of a photovoltaic power generation system, energy harvesting can be applied by
storing electricity generated by using a battery to reduce power consumption generated by the inverter
in the form of loss of power generation in cloudy weather compared to sunny days. Therefore, in this
paper, energy harvesting technology is applied in the low sunlight section such as sunrise, sunset, and
cloudy weather to improve the amount of power generation by recovering the power that is below the
minimum operating voltage of the inverter and dissipated. Accordingly, the research contents were
verified through the development of systems and algorithms according to the amount of solar power
generation and the development of systems and algorithms using low power generated in sunset, sunrise,
and other environments.
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Fig. 1. Mode according to the amount of solar power generation

]

1L 3 5

. AIZIHE ESZET A|AH O|BE

. HIEE EfYEYM A
. Photovoltaic power generation time by season

15 19

21

23

. Photovoltaic power generation system utilization rate by time period

-202-



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 22, No. 3, pp.201-206, Jun. 30, 2022. pISSN 2289-0238, elSSN 2289-0246

e
o] B Fﬂoba} Z2EA &

WHAIAEO] 2R

dl ﬂ1° FEE W*‘%ﬂ«l % di=f EAvt 59
& 1~3%, EA7F H2 99 A
20 2/5] 75% Holth. WA vt oA} 5
L= AEL 72 A

- o=

7 e mgE wAsH] vRe] A4H0R BEoA
s 4919 30% ol e Amole AT

(3) AIITHE E{UIULT 0|2E 2M

@) A=

gogae dxdgel M Be Hodl oF
14] Aolo] e} BAL s A2 T B

£ 99 712 2 AY 9 A, 2y o

o w9 ohA Rake A9w WA, 2

dzio] wHAAS BT 19 29 2L NS

@ik,

19 20014 Uiebd ARFE oAl AE of
2 13A1E 71E0 R B4 FExe St

@ 2 Hol HBAL o) F71l

SRR AHIE Hlole 242 BalA Sl

At

b

e—awﬂm o] 478o] F3kzt Aol HE HF
A oA AEE 2 BH S48 ek
19 33 o), B74eH0l= 3 48 hour ]

A9 w& o] &ES YEAE, OI]E'Z]%@Oﬂ—‘:—
2.4 hour A-ZRF 9] B2 o]l &&ES HIIrh
PxFo] W2 fFHo| 7HY =2 ol 8ES B
of SRR, AARE ASET} v 32 59
o] &ES UEML itk

olz A F 7HA 8R10& oFHo| YAsl= &
utg Qs Yz B53) HEG AY EAY =
< Yoll= 8&°] RoA= olfE <lsh 44140
3R Ul EX7F 9L, 7]0] s
tE7REEC] T ol8Eol 7P =A |
ERdth

ol

. %2

. R2 UXRY UM U STIE 4

OllLX| SHHIAE! HA75E

o

e Az prbolA AL 712 gst] oA
SHIAY AIAHS HRtRE, ¥d 58 248 1Y
B9 A7), shH|A" ZR], SFERAHE, o|A A
Z|(ESS)E Botol 1Y 49k o] %L*é o}ﬂt}

Fe AT AlAES Boto]
59 W2 AxF F1oIA oA o}ﬂﬂéﬂ 71&e 4
£317] YJote] 2 =RolAE S nE, HYgRIHE,

IR AR (ESS)S] Batterys 1% 73+ 2ol Bl
o] W] Wl £8 ModeS E5Hoto] A|AHS A7
Eli=g

1ch PV Module

3ch PV Module

St~ 8 FX|

1ch Inverter |

2ch Inverter

ESS System

J8 4. 4M FIIE 2l o1 X] SHHAE AAH LT
Fig. 4. Diagram of energy harvesting system to increase
power generation

g 1 € 1 € 1 € 1
¢ 1 € 1€ 1€ 1
g 1 € 1 € 1 € 1
™ ™ ™ ™

O3 5. EfYE WX mE EYFKESS =HIRE
Fig. 5. Photovoltaic & ESS output mode according to
the amount of solar power generation

O 13 3% 59 19 Mode: 9%, Y8 o ¥4
Sh= A ESSoll S40k= W4, 29 Moder A
go] W2 A7t off 17] g Bt HdgS Bt

ABE, 38 Model: BjeFgE7o] AsHA ¥
AR BE, 48 Modes A ARE g
2 o oPINARAAESS)E Boto] WAk
Aot

Ead
o et
5 8 |o

E

1. U Hefol M2 ALY T

9 4014 HERd 2l 88 248 HUET A

-203 -



Improvement of Power Generation through Energy Harvesting Technology in Low Sunlight Section

Esto] BRI AT BAste] e dxef 77k
oA 7 HE WA S74E 919 Tkt o] Alad
ol 7i5EE FAE 4+ Y= AAST B u], i,

2 ol B W dAstel H1 wage
A% 5 =S st

ol

T,

+ 1% Mode : €9 W] QIule) 4w Hein
o e 9%, 9B Azl AHEE 5 A
W] obd UAAFHAESS)E FAAA %
A BES PYT 5 U=S 1Y 63 o] T4

ATt

1ch PV Module St~ 2 FX| | 1ch Inverter |

2ch PV Module

3ch PV Module

ESS System

J3 6. 1 Mode A|AH FMT
Fig. 6. Mode 1 system configuration diagram

e 2% Mode : 9IHE ARAY Hr} dbdgko] wWx]
U A §80] A 32 Altol= g A Ade
o] ofd tifid S AAst HH 583 P
o & QEE Oy 73 Zo] skt

1ch PV Module

2ch PV Module
3ch PV Module

ELEXR 2] By As

ESS System

J3 7. 2 Mode A|AH FMT
Fig. 7. Mode 2 system configuration diagram

By As

1ch PV Module SHlAg B 1ch Inverter

2ch PV Module
3ch PV Module

3ch Inverter

ESS System

3 8. 3H Mode A|AH FAHT
Fig. 8. Mode 3 system configuration diagram

* 3% Mode : guHHQI ¥4 Alztoll= 7iE HAES
St S 4= gl AY Aol 33E oA
AZZA(ESS)Y] olvXE Hrdste] &l o
o] 7hsotes 1 83 Zo] A5toiTh

o 49 Mode : H{FF THo] BV A9zt of
&A1 HAE 5l ANUAAFA(ESS)E °l&
A e g TI9 99F ol sttt

1ch PV Module By As

2ch PV Module

3ch PV Module

ESS System

J3 9. 4 Mode AlAH RHT
Fig. 9. Mode 4 system configuration diagram

2. 2=, ¥F, O 5o 230N 2EE=E N TE

=
2 0|83t Al2g N
A Azio] WAHE 7 Aol e med Axdo]
489 4 IS THSEoR 24 HEL gl
& g 7120% Buo| WA AFOR 54
3 % A WA 2 R e Y 2 A
GUIE thewt 2o] Beiet 4 9

o UE, LEARE : AUARFRAESS) FH BE
g, 4= AR de 2 Aol IvE &R

AenT W] Ao misle] ofele At
Webd 300 eeg Ade AAstel ouAAEA
(ESS)°l F40] 7Ksshes dmelse FAstgon 1
el ASA7E A B & 4 UEE GUIE 19
109} o] Aparstsic:

Energy Harvesting System

R
000 |

Total Power : [JRNCIIN W

a3 10. OYMAMEEX|(ESS) &M 2E (YE, YSAZH
Fig. 10. ESS charging mode (sunrise, sunset time)

-204-



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 22, No. 3, pp.201-206, Jun. 30, 2022. pISSN 2289-0238, elSSN 2289-0246

I
lo
o
olot
|o
il
3
0%
N
O% 208

Hrks A5 Qe Y] B g0
Aol A Aeo] WY 47} Urk. olEfdt S 1
113} Zo] o9 By S SAAste] 2L 8
22 A 5 YT gl ¥ LuHES HEA A
Aol WA g B 4 e

Energy Harvesting System

Total Power : [T W

I3 1. MY EYEAHA 2=
Fig. 11. Low power solar connection mode

o O HiR Ed 2E

Energy Harvesting System

Total Power : [JUNCIIN W

I3 12, bt B WX nE
Fig. 12. Normal solar power mode

Qi oz Bl o] s Al thde 9
Astol W SRS v AT B G S Qe BA
7 1ol SYaos waske Axde 1Y 120 2
o] F4stsic. T Qe ol gste] A Bk
3ol @ 4 QIS X2 g @ GUIS B9 2A A

£ ZRIT =+ Sk

o HiEE A 2E

AHE AE o] 24 TA=HE dF, 4E ARt
o AHAAZAI(ESS)Ol SHE oAA(2E 10)2 7
e S8 FAE AAACH 128 285t HFF
TAZ S e AYARE dof] 282 5 Qs TR

Solth. A&HoR Wil JMseles meay 3
GUIZ 1% 133 Zo] F4sH9ic,

Energy Harvesting System |

— |-

=

Totalpower: [N W

I3 13. OYXIMEEX|(ESS) WH BE
Fig. 13. ESS Discharge Mode

V. 6iHX| siHARIS Set d=dZu

UL e D oI BHF S Siat oy
A sl Ao ALE A Hege] u
2 A28 A AR, 92, 1 ol SolA s
£ A AL ol AlAY TA'S B9 e Alad
2 olgste] Hopg WA Ame AWl

=
B 2o B A7 e A oA shiAd
2 B WAFS B4 skl E 1014 Wit of

sljAglo] ARH AL Blw o] 150~228%2] B
A Z71eT 69~862 9] T F7HEo] Bystgio
Aol o BHFE I 14004 FIg 4= ik &4
Ay g 3% ddFo] 800WhAE Z7istgod
1.2kWh7Ha] Z7Feke 2A3E A9t

— wgos way

— R AA YR wEY

J2 14, JHEAAR Y ulh EfSFTAIAHS| BB H|w

Fig. 14. Comparison of power generation between
development system and general photovoltaic
system

- 205 -



Improvement of Power Generation through Energy Harvesting Technology in Low Sunlight Section

1. x| SHHIAE0] HEE HMEd Ut E{ATUTAIAHS MHAZAD
Table 1. Experimental results of products to which energy harvesting is applied and general solar power

generation systems
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