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Acceptable volume of investment for “Combined Stress Testing”
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Summary

The combined stress tests, In which some kinds of stressors simultaneously applied to the testing PV modules, have several

advantages to contribute the risk avoidance on long-term operation of PV modules in fields (find the failure modes which are a-priori
unknown In new module designs, reduction of potential risk, acceleration of the time to market of a product, and so on). Through the
analyses for the cost-of-ownerships in the conventional qualification test and the proposed extended stress tests for PV modules, we
predict that of a combined stress test, to clarify the acceptable level of investment for this novel test system. In this study, we
demonstrate that, If we could develop the test equipment with a comparable cost to those required Iin these extended stress tests, the
combined stress test would be accepted by all stake-holders in PV industry sector. Furthermore, It IS suggested that the market
penetration of this combined stress test would be facilitated by the equipment-improvement for the multi-module testing.

Conventional Qualification Test & Proposed Extended Stress Tests
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Approach & Results
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The cost-of-ownerships of the existing test system (IEC 61215-1-1) e Pfg‘fo'go'l“- Annual C“m6“1'g;';’eltefts n 3 teségg’ioco's 09 dra
and 2 proposed protocol (CSR+ and IEC TS 63209 draft) were Onit Tact (h) 1 300 3700 2700
calculated, In reference to the total cost-of-ownership guide on PV Ann. Turnover 6.45 5 23 5 23
cell manufacturing [4]-[6] (Tables I, I1, 111). Parallel Tests 4 1 1
Ann. Cumulative Tests
(Tests/Year) 25.8 2.33 2.33
Table I. Spread sheet to be input the price and the depreciation period of equipment . o
. Unit Modules/Test 10 32 50
required in IEC 61215-1-1 Ann. Throuahout
ny ORI sl el — . T ] T 1 N T | Jnp 258 74.6 116.5
:::z:i:::;.:..__ sl : — : (Modules/Year)
ikl b kel Rl ===l T : S — * The optional tests (e.g., the user-based tests defined in CSR+) are not included.
ETr— [T = - - - - . - -
e , e —— — : ** Since the major objective of IEC TS 63209 draft is the risk-data collection on
R e e —Tw==—==— =1 Table Il Annual cumulative tests calculation the testing PV modules, we assumed that the confidence in the test results would
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T —— : ——— In Case of IEC 61215-1-1 be emphasized by a large sample size (e.g., 10 modules/sequence).
i c T Unit Tact: 1,300 h TC 200 (6 h x 200 cycles) _ _ _ _ _ _ N
= e | == + Stabilization Acceptable volume of investment (AVI) for the increasing in confidence on reliability
Tomemalawle mak o g i By e e | tl l - - - - o -
o ductive Tir o T Inspection + else = ca. 10-times of the unit cost in the conventional qualification test
S N : T s roductive Time: 8,396 h !
. A Operation Time - Standby Time - else Table IV: Assumed add-on process costs by cost element
T —— i ' Annual Turnover: 6.45 =8,396/1,300 --- (a)
o ] T i ul = 61215-1-1 CSR+ 63209 draft
— ..,_,_: _ : _“.;-:ﬂ : Chamber Capacity: 10 modules/chamber - (b) 1 DepreCiatiOn 319 ($/y 2609 % 0.83 'fOIC 23.5 % 0.80 'fOIC 225 %
= o i | e = Required Module: 2 -~ (c) 2 Floor space 444 k$ly 1.00 -folo 1.00 -folo
T i e : T — in IEC 61215-1-1 Seq. C, D, and E 3 Materials/Consumables 41 k$ly 1.00 -fold 1.00 -fold
= . g - 24 % 49 4 ¥
Max Parellel Test: 5 = (b)/(c) 4 Utilities 54 k$ly > ° 100 -fold  °*2 % 100 fold >4 P
I?’?:\itlycz?::)rgllel Tettg'il (during Unit Tact) --- (d) 5 Waste Disposal 81 ksly 1.00 -folc 1.00 -folc
Ann. cumUIaﬁve Tests: 25.8 - (a) X (d) L (e) 6 Labor - 245 ($/y 20.7 % 1.00 'fOIC 21.7 % 1.00 'fOIC 21.7 %
7 Cost of Yield Loss 0 k$ly 0 0
Unit Modules/Test: 10 - (f) 8 Cost of Ownership 1,183 k$/y 1,130 k$/y 1,120 k$/y
(IEC 61215-1-1 Sample Size) 9 Ann. Cumulative Tests 25.8 tests/y 2.33 testsly 2.33 testly
Annual Throughput: 258 = (e) x (f) 10 Unit Cost (Cost / Test) 46 k$/test 485 k$/test 480 k$/test
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