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In recent years, anti-PID (Potential Induced Degradation) technologies have been studied and developed at various stages through-
out the solar value chain from solar cells to systems in an effort to enhance long-term reliability of the photovoltaics (PV)
system. Such technologies and applications must bring in profits economically for both manufacturers of solar cell/module and
investors of PV systems, simultaneously for the development of the PV industry.

In this study two selected anti-PID technologies, ES (modification of emitter structure) and ARC (modification of anti-reflective
coating) were compared based on the economic features of both a cell maker with 60MW production capacity and an investor
of IMW PV power plant. As a result of this study, it is shown that ARC anti-PID technology can ensure more profits over

ES technology for both the cell manufacturer and the investor of PV power plant.
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a) Case 1 : before PID test b) Case 1 : after PID test

c) Case 2 : before PID test d) Case 2 : after PID test

<Figure 1> EL Images of Cells Before(left) and After(right)

96hr 1000V PID Test :

2 = PID Occurrence

Case 1 = PID Free, Case
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<Table 1> Pros and Cons of Solutions for PID[16]

Level Solution for PID Chances Risks
- No constraints for encapsulation material, - PID stability may be insufficient.
Modification of the emitter cover glass, inverters or system grounding. - Efficiency may be reduced.
- Throughput may be reduced.
Cell - No constraints for encapsulation material, - PID stability may be insufficient.
Modification of the SiNx cover glass, inverters or system grounding. - Efficiency may be reduced.
antireflection coating - Modified SiN deposition Equipment may be needed.
- Throughput may be reduced.
Alternative cover glass - No constraints for cells, encapsulation - Cost.
featuring high volume material, inverter or system grounding.
resistivity - Optical performance may be better.
Module - - -
Alternative encapsulation - No constraints for cells, cover glass, - Cost.
material featuring high inverters or system grounding. - Optical performance may be worse.
volume resistivity - Lamination time may be longer.
Grounding of the negative - Suited for PID-prone modules. - Restricted to transformer based inverters or transformer
pole of the serially connected less inverters with inherent grounding.
modules - Inverter topologies featuring higher efficiencies exist.
I - Suited for PID-prone modules. - Additional electrical device needed.
Apply a positive voltage lnverters featuring the hichest efficienci
between modules and ground | - Lnverters featuring the highest efficiencies
System for regeneration at night (>> 97%) can be used.
g & - Existing PV systems can be upgraded.
- No constraints for cells, encapsulation - Cost.
Micro-i material or cover glass. Maybe longer - Inverter efficiency is about 95% at present.
icro-inverter N .
operating life than for central inverters.
- MPP tracking of each module.
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| CAPEX Calculation |
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| Productivity Analysis
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| OPEX Calculation |
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| Cell Efficiency Calculation

v

| Profit per Cell Prediction |

v

| Annual Profits Prediction |

<Figure 2> Flowchart of Process Calculating of Profits of
a Solar Cell Manufacturer
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<Table 2> Comparisons of a Solar Cell Manufacturer when
Using Two Cases of PID Free Technologies : ES

and ARC

PID free technologies ES ARC
CAPEX(100 million won) 0 1.5
Annual Production(10 thousand) 1,411 1,418
OPEX(100 million won) 5.94 4.968
Cell Efficiency Change(%) -0.05~-0.2 0~0.1
Premium(%) 5~10%
Profit per Cell(won) 217 248
Annual Profit(100 million won) 24.66 29.94

b) Input window : Arrangement of
modules

[ S L |

d) Result window

¢) Input window : Location

<Figure 3> Windows of Solar Pro
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<Table 3> Daily Performance Comparisons between two PID &S F43517] 9§ PID Azt vj&o] AAGo s
Free Technologies : ES and ARC g otgld 4 Qui= 74 st wA e HA Hopks
A5 m=90 =z
PID free PID Loss(%) A Daily Average Power ]—Eo o e TOO shale ~ a
technologies 0SSL7 Generation Time(h) T2 29 2 100% EH Ao S8 ANY
0.89 0.1 A7 ol A 75% 2 1Y Ao 7H4 8L <Table 3>
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ARC 0.72 -0.03 Ao vigs Artetdda, £ /M ES 3%
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25 7FE4E PID A7 71<9 98 Premiume 5~10%  <Table 4> Comparisons of an Investor of Photovoltaic System
27} NZEae Aoz spAsa 2A 9 Ha, Hugt when Using Two Cases of PID Free Technologies :
% 74]{‘1—3]—%‘\11]- ES and ARC
PID free technologies ES ARC
| Installed Capacity Calculation | Installed Capacity Calculation IMW
* Cl(z)r;)stru.cltll.on Expenses Calculation 214219
| Construction Cost Calculation | (100 million won)
* 100% General Agreement to
| | - o A | Investment Financing Arrangement Borrow
nvestment 1naIlcmg rrangement Interest Rate per Year 7.5%
— - Condition of Electric SMP : 140 Won/kW
| Condition of Electric Power Sale Survey | Power Sale Survey REC - 122 WonkW
* Sales Estimates(100 million won) 53.01 54.53
| Sales Estimates | Internal Rate of Return(%) 9.81 10.32
* Payback(yr) 6.16 6.03
| Profit and Loss Calculation |
| ChF1$C11' | G
SRR BEHA PID AT 71%e] BAA B4 Sl A
v _ A ZHe] SA% FAx} FR9 SAL FA6 w3
| Profitability Analysis | ok} shu}
<Figure 4> Flowchart of Process Calculating of Profits of an & Aol A BA S AEF F 7H PID A4k

Investor of Photovoltaics Grid—Connected Systems 712 ##, ARC 7]zo] ES 7|0l vl AAkA} S 3



A Study on Validity of Anti—PID Technology of Solar Cell for the High Reliability of Photovoltaics System 37

aEs)
o] AAe] oL EelFa, FARA ol
Z

0% %1 rqwo; AN & ek

G5 YA FAAE FA et A @
4 AFE 3ol BFY N 7140 BHIES 3
hed B8 5 U8 AoE Bud,

Aol AR Sus] e Bde

;

=] 3
A QRS sty AAgk 71 s QJelx 7] AlEA
2 RPN AR A1erel B8 Bash
o

PID= B3 W E&S AstA7= 8880 T ¢
198 FEA717] S8l A 7159

E AFoA e BgdAe PID A7 7] ovE

T2 JWA(ES)eF WRAREA | 7] H(ARC) 7 7]l g

94 AEE 9

A, AL S A € °J7W%F+ e F
7

35t o] FE Hrletla, el LA /\]%Eﬂ
ol AZEYOE o] &5} ESQ} ARCE A=gh e
F ARl oS EAG, FA] A e F
ol W& FolE 2 FA3F7|Hs Frteksich

olg &3, Hl2E XA AAA ] $-+3% PID
Az 712 ARCE A5k

F A ZE BFHA] G QoE BE H A[AE
gl Ao thFet PID A7t 7] AAN BAS &
3], HFAoE HH9 7es AFT 297t Ak 1Y
I AL SAY B SHE s sk A
4 WA AFE et R d-ds SF Ves
AR av) 9l
References

[1] Atlas, LH. and Sharaf, A.M., A novel maximum power
fuzzy logic controller for photovoltaic solar energy systems.
Renewable Energy, 2008, Vol. 33 No. 3, p 388-399.

[2] Bartlett, J.E., Jennings, C.E., and Margolis, R.M., The
Effects of the Financial Crisis on Photovoltaics : An
Analysis of Changes in Market Forecasts from 2008
to 2009. National Renewable Energy Laboratory, 2009.

[3] Berghold, J., Frank, O., Hoehne, H., Pingel, S., Richardson,
B., and Winkler, M., Potential Induced Degradation of

solar cells and panels, EUROPEAN PHOTOVOLTAIC
SOLAR ENERGY CONFERENCE, 2010, Vol. 25, p
3753-3759.

[4] Cho, J.-H., Engineering Economy, Kumoh National Insti-
tute of Technology, Unpublished, 2005.

[5] Choi, Y.O., Kim, J.H., Bian, W.J,, Lee, S.Y., and Cho,
G.B., Demonstration Research of 3kw Solar Tracking
PV System. Power electronics annual conference, 2006,
p 561-563.

[6] EPIA, Global market outlook for photovoltaics until
2016, European Photovoltaic Industry Association, 2012,
p 1-76.

[7] Fragaki, A. and Markvart, T., Stand-alone PV system
design : Results using a new sizing approach. Renewable
Energy, 2008, Vol. 33, No. 1, p 162-167.

[8] Hacke, P., Terwilliger, K., Smith, R., Glick, S., Pankow,
J., and Kempe, M., System voltage potential-induced
degradation mechanisms in PV Modules and Methods
for Test. Photovoltaic Specialists Conference (PVSC),
37th IEEE, 2011, p 814-820.

[9] Hussein, K.H., Muta, 1., Hoshino, T., and Osakada, M.,
Maximum photovoltaic power tracking : an algorithm

for rapidly changing atmospheric conditions, Generation,

Transmission and Distribution. IEE Proceedings, 1995,

Vol. 142, No. 1, p 59-64.

Joyce Laird, Survival strategies, Renewable Energy

Focus, 2012, Vol. 13, No. 4, p 52-57.

[11] Kim, D.H. and Baek, S.,
Antireflection coating of solar cell on PID characteri-
stics. Global Photovoltaic Conference 2012 and Korea-EU
International Symposium on Photovoltaics, 2012.

[12] Kim, H.S., Park, J.G., Lim, H.W., Cho, G.B., Baek,
H.R., and Choi. C.J., The Field Demonstration Study
of Residential 3kW PV System. The Korean Institute
of Hlluminating and Electrical Installation Engineers,
2003, pp 365-367.

[13] Kim, S.T., Kang, G.-H., Park, C.-H., Ahn, HK., Yu,
G-J.,, and Han, D.-Y., Degradation Analysis of PV
Module Considering Electrical Characteristics. The Korean
Institute of Electrical Engineers, 2008, Vol. 2008, No.
7, p 1110-1111.

[14] Laplace, system Co, Solar Pro, 2013.

[15] Lee, S.-S., Chang, S.-D., and Kim, D.-H., A Study and
Analysis on the Demands of Energy Conservation Tech-

[10

—

Investigation of effect of

nologies. Journal of industrial and systems engineering,
Vol. 29, No. 1, p 47-55.



38 Sungsun Baik - Seungyup Baek - Tae—Wook Jung - Jin—Hyng, Cho

[16] Nagel, H., Metz, A., and Wangemann, K., Crystalline Si
Solar Cells and Modules Featuring Excellent Stability
Against Potential-Induced Degradation, 25th EUPVSEC,
2010. p 235-248.

[17] Nuofu, C., Xiulan, Z., Yiming, B., and Han, Z., Environ-
mental Friendly PV Power Plant, 2012 International
Conference on Future Energy, Environment, and Mate-
rials, 2012, p 32-37.

[18] Schutze, M., Junghanel, M., Friedrichs, O., Wichtendahl,

R., Scherff, M., Muller, J., and Wawer, P., Investigations
of Potential Induced Degradation of Silicon Photovoltaic
Modules, EUROPEAN PHOTOVOLTAIC SOLAR ENERGY
CONFERENCE-CD-ROM EDITION, 2011, Vol. 26, p
3097-3102.

[19] Ueda, Y., Sakurai, T., Tatebe, S., Itoh, A., and Kurokawa,
K., Performance Analysis of PV Systems on the Water.
23rd European Photovoltaic Solar Energy Conference,
2008, p 2670-2673.



