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10 23 WCPEC-3
10 24 WCPEC
10 24 IEA Task 11
10 25 IEA PVPS Outlook Workshop

10 22 J. Tamura, K. Kurokawa, K. Otani: The Measurements and
Estimation of In-plane Irradiation, VAL.66.
10 24 K. Otani, K. Sakuta, T. Sugiura, K. Kurokawa: Performance

analysis and evaluation on 100 Japanese residential grid-connected PV systems
based on four years’ experience, OC8.3.

10 25 M. Ito, K. Kato, H. Sugihara, T. Kichimi, J. Song K. Kurokawa: A
preliminary study on potential for Very Large -Scale PV (VLS-PV) system on the
world deserts, OD8.2.

10 25 A. Yamaguchi, M. Takahashi, T. Uno, K. Kurokawa, S. Yatabe: A
New Added Value of Photovoltaic Module - Absorption Characteristics of
Electromagnetic wave -, VD1.14.
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10 25 H. Koizumi, T. Kaito, Y. Noda, K. Kurokawa, M. Hamada, L. Bo:
Dynamic response of maximum power point tracking function for irradiance and
temperature fluctuation in commercial PV inverters, VD1.48.
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: Closing Session

(1) Conference Highlight



Fundamentals
Conference started with a bang: How far can we go with efficiency?
Remarkable agreement: 83...87% estimated by different theoretical models
“Recommendation is basically not bad, if you make use of it
New efforts. New launch of roadmaps how to get there
Silicon Solar Cells
Most comprehensive and understandable overview about advanced industrial
technologies
Quasi-monocrystalline thin-films by layer transfer: 20y , 15%. Shallow angle evaporation
for interconnection
High-Eta Emitter-Wrap-Through with Laser-Fired contacts
Silicon Feedstock
Consensus: PV needs additional solar grade Si
Consensus: 5000t by 2005 required
Consensus: PV needs it now
» Different concepts of technical approaches
» How to finance and where to locate a large-scale plant?
CdTe, CIS and Ternary Thin Film
Laboratory CdS/CdTe to 16.5% (NREL)
First Antec CdTe fabrication runs: 7%
CIS pilot plant of Wurth Solar: 8%, best 10% on 0.7 sgm
World record: Lab-scale, superstrate CIGS: 12.8% (Univ. Tokyo)
PV Modules and Components
Certification of products well established
Further efforts necessary for entire systems
Medium scale concentrator in Australia
Good and stable grid-performance of CIS
String-inverters vs. central inverters: discussion ongoing
Finale: lightning flashes, but no damage
Solar Cells for Space
Flight data from the “late” MIR space station
Design of the Rosetta spacesraft
Radiation hardened multijunction devices achieve 91% of initial performance at EOL
Further successes for space-sustainability of CdTe, CIGS, GalnP/GaAs/Ge, InGaP,
InGaAsP and InGaAs.
PV Systems Technology
150(") papers presented
Rapid growth of integration into buildings, many posters. Variety of concepts and ideas.
Large scale PV: Experience 1...5MW, concepts of 5...10MW, very large scale 100MW
Multiple, several hundreds in one location
Safety, user acceptability
Implementation
Community Directive on the Promotion of Electricity from Renewable Energy Sources
Success of German programs “100,000 Roofs” + Grid-feeding law
Impact of Japanese programme
Italy launches its 10,000 roofs, through its regions
Spain: feed-in Tariffs
Developing Countries
Very moving introduction by the Conference Chairman: PV is a real solution to poverty
alleviation
Vital interests in partnerships between industrial world and developing countries
PV for Peace
Overall Impression



Pace at which PV markets is developing very impressive: all levels of PV progress
making steps forward simultaneously

Current technology begins mature, large scale production

Thin film production goes on-line

3" Generation PV to meet long-term demand

Successful market introduction programmes, both for rural and grid-connected
applications

YV VY

(2) EUREC Technology Prize

(3) PV Young Professional Award
Ms. P. Schweizer-Ries (Fraunhofer ISE, Freiburg, Germany)

(4) Poster Award
[VD 2.34 (PV Systems Technology)]
PV Lighting Systems Evaluation and Rating Methods (PLISE): Final Results
[VD 3.42: (Space Cells and Fundamental Studies)]
Progress in the Development of a Small Thermophotovoltaic Prototype System
[VC 3.50: (Crystalline Silicon Solar Cells)]
8% efficient ZnO/c-Si heterojunction solar cells prepared by magnetron sputtering

5) Future Conference
(
[3" WCPEC]
12-16 May 2003, Osaka, Japan
[29™ IEEE-PVSC]
19-24 May 2001, New Orleans, USA
[14™ PVSEC]
26-30 January 2004, Bangkok, Thailand
[19™ EU-PSEC]
Fall 2004, Paris, France
or Europe, Conference and Exhibition on Science, Technology and Application
PV for E Conf d Exhibiti Sci Technol d Applicati
7-11 October 2001, Rome, ltaly

6.1

OA5.1 P. Zegers: R&D in photovoltaics: From the 5th to 6th Framework
Programme.
1) PV 25 30%
0.15%
0.25 0.50 Euro 0.04 Euro(
) 0.10 Euro
(2) 0.06 0.10 Euro

1/4
10% 16%

3 5 (1998-2001) 38 10

4.3 Euro 52 [RTD Part-Research & Technology Development:
71% 14% 10% 5%]
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SOLSILC 18E/kg @ 1000 t/y
SAHARA (ALTENER)
11
1 E/W, 15%

MIBCELL
FANTASI 150um
FLASH /
FAST-1Q
TWINGO 20%
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MOPHET
ADVOCATE
EC2CONTACT
Re-Si-CLE

10

CIS CdTe a-Si 0.5 1.2 Euro

METEOR
SUBARO CvD (30-50um)
DOIT 11.5% /
H-Alpha
PROCIS 120x60cm CISs
METAFLEX CIs 30x30cm
CISLINE CISCuT
HIPROLOCO 50%

PYTHAGORAS CIS
5 /

PV NET
PV-EC-NET EC RTD (

Indicative timetable and budget
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Framework Programme 2001-2006
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16,270
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OD8.1 W. Gillet, C. Obled, A. Perujo, H. Ossenbrink: Results from PV Demonstration

Projects in Europe.

1980 Demo
PV Demo
6.2 PV
PA1.3 Riedel:
PA1.3 I. Riedel, Univ. of Oldenburg: Electrical characterisation of

polymer-fulleren solar cells.

r_,_,-"".
o &
C-60
25% ff=0.62 Voc=810mV
ff

Al cathode compaosite film
[<100 run)
PEDOT:PSS
[B0 rvm)
ITO anode
[25 nm]

70°C

vacuum level

ITQ/PEL

hole absorber
axtracton
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alactran
autractor
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6.3 PV

OAl.4 L. Frisson & K. Lieten, S. Roberts-BP Solar: Conductive Adhesives
as an Interconnection Technique for Very Thin Solar Cells.

2 FF o
150m 4yt

Silver-filled

0.5 0.9 Euro/gr 10mg
1 0.01 0.018 Euro , 0.0045 0.008 Euro/W

OAl1l.5 E.van Kerschaver, j. Szlufcik & S. de Wolf-IMEC: High Performance Modules Based
on Back Contacted Solar Cells.

Cross-Section
Front Surface Grid

S

Rear Surfoce
Emutter Contact

"Pick and Place”

10.1x10.1cm? Jsc=32.9mA/m2, Voc=623mV, FF=72.5%,
h=14.9% 8 15.4%

OD8.3 I. Weiss, A. Sobirey, P. Helm, H. Oppermann, R. Tolle, J. Sherborne, T.M. Bruton: A
New High Efficient PV System Technology — Test and Measurements Results of the
Innovative Development of Magnetic Power Transmission. [ ]

PV -PV -




Magnetic Power Transmitter  Receiver case

PD2.2 F.H. Karg, D. Kohake, B. Kuhne, S. Grosser, M.C. Lux-Steiner: Performance of
Grid-coupled PV-Arrays Based on CIS Solar Modules.

PV CIS Bocholt
Flensburg Berlin
CIS STC NOC
I -
Summary of CIS Array Performance Conclusions
A : CIS performance at STC ang NOC above sverags

A High energy yieids and performance ratios

demanstrated over two & field

* 5T efficlencies above guarantead minlmum power [ =5%)

= High OC Performance Ratla 80-88%: (AC: T2-80%:) Sarnnd generation €IS madules with further

« Yields abave average in 1000-moof-tap prooram ® ncraased efMcancias now N proguchcn

[ ]

VC2.23 M. van Cleef, P. Lippens, J. Call: Superior Energy Yields of UNI-SOLAR® Triple Junction
Thin Film Silicon Solar Cells Compared to Crystalline Silicon Solar Cells Under Real Outdoor
Conditions in Western Europe.

VA1.91 I|.F Barro, I. Zerbo, F. Zougmore, O.H. Lemrabott, G. Sissoko: Bulk and Surface Recombinatin
Parameters Measurements in Silicon Double Sided Surface Field Solar Cell Under Constant
White Bias lllumination.

VB2.26 H.G. Beyer, N. Kreutzer, R. Rither: Estimation of the Yield of Building Integrated a-Si
PV-Installations in Brazil Based on Long Term Performance Data of a 2 kWp System.

VB2.45 R. Versluis: Calculating the Electrical Performance of Curved Thin Film PV on Moulded
Surfaces.

VC2.51 H. Schmidhuber: Why Using EVA for Module Encapsulation if There is a Much Better Choice?

VD1.14 A. Yamaguchi, K. Kurokawa, T. Uno, M. Takahashi: A New Added Value of Photovoltaic
Module —Absorption Characteristics of Electro-magnetic Wave-

VD1.34 A. Moehlecke, I. Zanesco, A.C. Pan, T.C. Severo, A.P. Mallmann: Photovoltaic Module with
Coloured Diffuse Reflector

VD1.5 K. Peter, R. Kopecek, P. Fath, E. Bucher: Silicon Solar Cell Modules with an Aluminium Foil
Back Contact.[ ]

VD1.9 P. Johander, H. Petersson, T. Gruszecki: Shaped Dye PV Modules for Low Power Application
in Electronics.

6.4 PV

OAl1.1 A.Ho & S. Wenham, UNSW Intelligent Strategies for Minimizing
Mismatch Losses in Photovoltaic Modules and Systems

50%
1%




OAl1.2 G. Agostinelli, et al JRC: Large Area Fast LBIC as a Tool for
Inline PV Module and String Characteisation

Laser Towar

PCrLabviaw

HEPCO Op Amp

!.nnl:ll-ill Amglitier

== =N

LBIC

|
i Sl B 7

PD2.L. C.R. Osterwald, P.F. Varadi, S. Chalmers, M. Fitzgerald: Product Certification for
PV Modules, BOS Components, and Systems.
PV

Option 1: Tasting Laboratary Certification Optian 2 Independent Laboratory ] r Option 3: Certification Body Assessmant
Accreditation X

PD2.3 A.E. Wheldon, J-Y. Cherruault, S Wheeler: Comparative Performance of a Central
Inverter and Individual Module Inverters on a Building-Integrated — Photovoltaic Roof.[
]
AC Reading
BIPV -
AC



VC2.11

VC2.12

VC2.16

VD1.3

VD1.6

VD1.7

VvD1.8

VD1.40

VD1.52

VB2.41

VB2.50

VD1.2

VvD2.9
VvD2.27

VD1.1
VC2.22

VvD2.49

VD1.15

6.5

+ 108 steel-blue meSi modules,
average rating 83 Wp (prototypes
from BP Solar}

« B0 modules (4.2 KWp) on 4.0 kW
inverter (from Microtech, now IPS)

« 48 modudes (3.2 kWp) in pairs on
100 W individual-module-inverfers
{NKF OKE#4)

Reading BIPV

]

E.L. Meyer, E.E. van Dyk: Monitoring Isc, Voc and the Performance Parameters of
Photovoltaic Modules.

E.L. Meyer, E.E. van Dyk: The Behaviour of Photovoltaic Modules Under Reduced Light
Levels.

T. Rodziewicz, M. Zabkowska-Waclawek, T. Zdanowicz: Performance of PV Modules Made
Fabricated in Different Technologies at Strongly Changeable Insolation Conditions.

K. Bucher: Accurate Production Line Testing of High Capacity Modules, High Efficiency
Modules and Very Large Area Building Integrated PV Modules.

D. Chianese, N. Cereghetti, A. Realini, S. Rezzonico, G. Travaglini: Energy Rating of PV
Modules.

N. Cereghetti, D. Chianese, A. Realini, S. Rezzonico, G. Travaglini: Power and Energy
Production of PV Modules.

PV S. Rezzonico, N. Cereghetti, D. Chianese, A. Realini, G. Travaglini: Module Behaviour in
Real Conditions: Emphasis on Thin Film Modules.

R. Gottschalg, D.G. Infield, M.J. Kearney: Influence of Environmental Conditions on Outdoor
Performance of Thin Film Devices.

D. Anderson, T. Sample, E. Dunlop: Obtaining Module Energy Rating from Standard
Laboratory Measurements.

A.S. Bahay, R.M. Braid, P.A.B. James: Mismatch Losses in Large PV Arrays at Southampton
University.[ ]

I. Morsy, A.K. Aboulseoud: A Predictive Model for a Panel Maximum Output Power Under
Cloudy Skies.[ ]
H. Kiess: Orientation of Solar Panels to the Elevation of the Sun, Revisited.[ ]

W. Maranda: Parallel Operation of Non-Uniformly Oriented PV-Arrays.

M. Sidrach de Cardona, L. Mora-Lopez, L. Ramirez Santigosa, M. Marchante Jiménez, A.
Navarro Fernandez: A Multivariate Lineal Model for the Prediction of Daily Average

Photovoltaic Array Temperature.
W. Keogh, A. Blakers: Natural Sunlight Calibration of Silicon Solar Cells.

J.C. Lakeland, A.E Wheldon, R. Oldach: Should International Standards for Solar Home
Systems be Testable Without Standards Laboratory Facilities?| ]

J.J. Bloem, J. Rasmussen: Testing, Field Monitoring and Certification of a Roof Integrated
Photovoltaic System.

M. Pellegrino, G. Flaminio, A. Sarno, J. Zhao: Dark Measurements Techniques for PV Modules
Quality Evaluation.[ ]

OA7.1 A. Realini, TISO: Study of a 20-years Old PV Plant (MTBF Project)

1982

PV
9296(1996  74%)

-10 -



IEC61215 27%

BOX

[ ]

VC2.21 M. Bergovic, A. Pregel, A. Rohatgi, Georgia Tech: Estimation of PV System Reliability
Parameters.

VC2.25 N.G. Dhere, M.B. Pandit: Study of Delamination in Acceleration Tested PV Modules.

VC2.44 M.C. Alonso, R. German, W. Herrmann, K. Wambach, B. Proisy: Outdoor Hot-Spot
Investigations in Crystalline Silicon Solar Modules.

6.6
[ ]
VC2.32 N. Warburg, M.A. Wolf, M. Kaiser, M. Zumkeller: Recycling of Photovoltaic Systems — Aims
and Roads. [ ]
6.7

0C8.4 Edwin Cunow, Bodo Giesler, Wolfgang Rehm: One MW PV Roof at the
Munich Trade Fair Centre ? Results and Experience of three Years of
Operation

1MW
6 12
DC
3 *
(* ) 5%
85% 6% 90% 10% 96%
UPS 20
1998 1999 2000
95.0% 95.2% -
73% 77% 80%
839 MWh 991 MWh 1007 MWh
1124 KWh/m? 1224 kWh/m? 1134 kWh/m?

-11 -



(ES) 1.0 MW ~65%
(DE) 1. MW ~68%
T 3.3 MW ~70%
(CH) 0.56 MW ~78%
(DE) 1.0 MW ~80%
30 1MW
3 6

SM-130L(84 )
7,812
15%
1,026kW
7,916m2

66,000m2 60% PV
28

330kVA 3
20,000V

1,200kWh/
1,000h/
1,000 /

20

14 8 4 84 kW

-12-
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0OC2.5 T.Erge, K. Kiefer, E. Rossler, A. Beuschel, W. SchmitzOperation Experience

120 kWp PV System “Butzweilerhof”.
120kW
4 103.5kW

9.0kW
0.1kw AC
12
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0OC8.1 T. Schoen, D. Prasad, P. Toggweiler, H. SorensenAchievements of Task 7 of the IEA

PV Power Systems Program: Final Report and Outlook. [ ]
IEA Task 7 http://www.task7.org/
[ ]
VC2.14 A. Al-Amoudi, S. Al-Zahrani, Saudi Arabia: Degradation Analysis of 350 kW Photovoltaic
Plant After 20 Years of Operation.
VvD2.4 N.M Pearsall, K.M. Hynes: Performance Analysis of 68 kWp PV System at University of
Jaen.[ ]
VD2.36 P. Boulanger, H. Colin, P. Malbranche: Comparative Assessment of Grid Connected Systems -
Architecture, Grid Interconnection and Performance.[ ]
VD1.13 G.J. Conibeer, C. Jardine, K. Lane: PV-COMPARE: Direct Comparison of Eleven PV
Technologies at Two Locations in Northern and Southern Europe.
VD1.13 G.J. Conibeer, C. Jardine, K. Lane: PV-COMPARE: Direct Comparison of Eleven PV
Technologies at Two Locations in Northern and Southern Europe.
VD1.12 C.I. Yousif, E. Scerri: A Five-Year Report on a Solar Photovoltaic Grid-Tied System Operating
Under a Typical Mediterranean Climate.| ]
VvD2.33 P.J. Pérez, J. Aguilera, G. Almonacid, P.G. Vidal: Project UNIVER (UNIlversidad VERde) 200

kWp Grid Connected PV System at Jaén University Campus. Two Operation Years Result.[
]

-14 -



6.8

0OA4.3 S. J. Ransome, J. H. Wohlgemuth, BP Solar:Analysis of Measured kWh/kWp from
Grid Tied PV Systems — Modeling Different Technologies World Wide with Real Data.

30 10
Wh/kWp 7%

0C8.3 K. Otani, K. Sakuta, T. Sugiura, K. Kurokawa: Performance Analysis and

Simulation on 100 Japanese Residential Grid-Connected PV Systems Based on Four years’
Experience. [ ]

PV SV

0OB8.3 H.G. Beyer, D. Heinemann, C. Hoyer, C. Reise, E. WiemkenAccuracy of the

Estimation of Monthly Performance Figures of Grid-Connected PV-Systems Based on
Remote Data Sources.

METEOSAT
PV +
10kWh/KWp
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OA7.3 R.Versluis, TNO, NL: Optimization of PV Array Geometry.
PV PV

Irradiance distribution model Electrical performance

] v] (1 e a4 e 1 (=]

I bt airay distanca (mabar)

OD8.4 J.W.H.Betcke, V.A.P. van Dijk, F. Wiezer, C. Reise, E Wiemken, H. Dufner P.
Toggweiler, D. Heineman: PVSAT:. Remote Performance Check for Grid Connected PV
Systems Using Satellite Data, Evaluation of One Year of Field-Testing.
PV
(PVSAT) 4
69 72 95Wp 30kWp

OD3.4 W. Coppye, R. Belmanns, A. Woyte: Determining the Value of Decentralized
Grid-Connected Photovoltaic Electricity in Belgium. [ ]
27 PV PV

20%
PV

0OD8.2 M. Ito, K. Kurokawa, K. Kato, H. Sugihara, T. Kichimi, J. Song: A Preliminary
Study on Potential for Very Large-Scale Photovoltaic Power Generation Systems (VLS-PV)
on the World Dserts. [ ]
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IEA Task 8 Very Large-Scale Photovoltaic Power

Generation Systems (VLS-PV) CO2
0OD3.2 A. Woyte, R. Belmans, J. Nijs: Power Flow Fluctuations in Distribution Grids with
High PV Penetration.[ ]
[ ]
VA1.66 J. Tamura, K. Kurokawa, K. Otani: Measuring and Estimating for In-plane Irradiation
VD2.29 G. Becker, H.-G. Beyer, M. Maier, P. Soltl, V. Qaschning, M. Zehner: Calculation of Global
Weather Data Via JAVA Applet in the Internet.
VD1.22 J. Monedero, P. Valera, M. Friend, E. Pereda, G. Sala, D. Pachén, I. Anton: Direct Normal
Irradiance for Rating C-Systems.[ ]
VD2.11 N. Maris, D. Mencke, D. Tegtmeyer: SolLog - Cost Efficient Datalogger and Controller for PV
Systems.
VB2.40 W. Knaupp: Solar and Photovoltaic Resource in Relation to Atmospheric Height.[ ]
VB2.44 N.J.C.M. van der Borg: Irradiation Loss in the Built Environment.
VB2.57 E.C. Molenbroek, G. Timmers, C.P. Byrman, W. van den Berg: An Internet-Service for
PV-System Owners.
VC2.15 T. Zdanowicz, Dziedzic: Thick-Film Insolation Sensor.
VD1.16 M. Alonso-Abella, A.B. Cueli, F. Chenlo: A Year of Irradiation Data on Tilted Surfaces with
Different Orientations.
VD1.41 L.A. Hecktheuer, A. Krenzinger: The Effects on the Photovoltaic Systems Response of
Parameters Reflection, Spectrum, Voltage Drop and Temperature.[ ]
VD1.57 U. Jahn, S. Castello, R. Dahl, A. Frélich, L. Clavadetscher, M. Heidenreich, D. Mayer, W.
Nasse, K. Sakuta, T. Sagiura, N.J.C.M. van der Borg: A New Tool for Performance Analysis
and Assessment of PV Systems: The Performance Database of IEA-PVPS Task 2.
VvD2.5 D. Remmer, S. Bowden, C. Honsberg: Photovoltaic CD-ROM on Systems and Applications.
VD2.6 M. Brogren, B. Karlsson: Design and Modelling of Concentrating Elements for PV Systems,
and Investigation of the Resulting Irradiation Distribution
VD2.28 J. Manzanares, A. Karl, T. Lutzenberger, M. Zehner, R. Haselhuhn, R. Sebald, G. Becker, M.
Bechteler: SolEm v.2.0 (Emulation of Solar-Electric Applications on Basis of a Spreadsheet
Programme).[ ]
VD2.30 G. Becker, G. Erbeck, M. Zehner, M. Zettl: Development of a PV System Design Tool with
Special Consideration of the Economic View.[ ]
VD1.45 A. KrenzingerAn Algorithm for PV Array Analysis.[ ]
VB2.68 M. Rhodes, I. Knight, D. Nuh: Development of a Generic Urban Microclimate Model for Use in
Locating PV, Wind and Hybrid Renewable Energy Systems for Optimum Efficiency.
VB3.5 H. Herzer, P. Vitanov: Installation and Implementation of 1000 MW - PV Electricity
Production.
VD2.40 R. Gottschalg, D.G. Infield, M.J. Kearney, R. Ruther: Environmental Effects on the
Performance of an Amorphous Silicon PV System.
6.9
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OA4.1 A. Abete, F. Scapino, F. Spertino: Comarison of Power Quality Between Centralized
Inverters and Module Integrated Inverters in Grid Connected PV Systems.
AC 2 100VA
50Hz 1.5kVA
- 180ms 60ms
-THD PWM

AC

OA4.2 H. Haeberlin: Evolution of Inverters for Grid Connected PV-Systems from 1989 to
2000.

PV 60KWp
RFI 10
PV

OA4.5 A. Kotsopoulos, J.L. Duarte, M.A.M. Hendrix: Three Phase Inverters for Grid
Connected PV Applications.

0OB8.1 J. Thornycroft, B. Verhoeven, N. Cullen, A. Collinson, W. Bower: Islanding of Utility
Connected PV Inverters — Probability & Risk Assessment.
IEA/Task 5 [

11 X ]

400W 2002.1.24-25

CEWIEC 61508 Risk Graph Results

e - Seanes _ “‘Worsi-case PV array size is = 300Wp (for an annual
" demand of = J200kWh)

« F - Freguency and L=l =| ;
Exposure Time —3 - NO match conditions recorded for array size less

than 400Wp
* P - Probability of failing ; 1
to avold hazard | . ; -Protability of Real power maieh |s ‘low”
« W - Prababllity of 1 : .;: I -Probability of Reactive power maich s “very low'
hazard reaization . -Simultaneocus ReallReactive power match is

« @, 1,2 1,4, bSalety _ e | Bl | Bl virtually zero
assurance sirategles 2

-Aetual flgures at Workshop

CEI/IEC 61508 Risk Graph

0OB8.2 H. Haeberlin: Interference Votages Induced by Magnetic Fields of Simulated
Lightning Currents in Photovoltaic modules and Arrays.

imax. 120kA  di/dtmax; 40kA/ms
1.25m "~ 2.25m PV KC60

PD2.4 Ch. Halter, W. Enders: The Indirect Influence of Lightning Impacts on PV-Systems.
PV
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5kV 5MHz PV
kv VD1.26

OC5.5 Radio Interface on the DC Side of PV Systems — Research Results and Limits of RF
Emissions
N. Henze, T. Degner, H. Haberlin, G. Bopp, S. Schattner

PV DC EMC Line Impedance Stabilisation Network
(LISN) AC 150kHz 30MHz EN55014, EN50081-1 DC
EN55014 1500Q
PV  DC-LISN EN55014 150kHz
30MHz

OD8.5 T. Degner, H. Daub, W. Enders, A. Schulbe: EMC and Safety Design for
Photovoltaic Systems — Results from the Project ESDEPS. [ 1
PV EMC 30kWp
PV
AC 2002

[ ]
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VD1.10 M. Cotterell, A. Collinson, J. Thornycroft: Development of a Generic "Black Box" Test to Assess
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VD1.27 J. Cafiada Bago, S. Garcia Galan, J. Aguilera, L. Magdalena Layos: Fuzzy Charge Controller
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VD1.42 D. Cruz Martins, R. Demonti, R. Ruther: Photovoltaic Grid Interfacing System.[ ]

VD257 P. Redi, J. Esteban, J. Soler, A. Simmons, M. Rusinsky: Development of a High Efficiency
Energy Converter for Building Integrated Photovoltaics - Contract No. ERK5-CT-1999- 00023
(HEEC).[ ]

VD2.65 M. Shafiyi: Small-Scale High Efficiency Resonant Converter for PV AC-Modules.[ ]

VD2.18 C. Bendel, N. Henze, J. Kirchhof: Energy and Communication — Photovoltaic and
Electro-Magnetic Energy Transformation both in One Solar Cell Configuration.

VC2.27 A.Woyte, R. Belmans, J. Nijs, P. Heskes, F. Phlippen: Mains Monitoring and Protection in a
European Context.

VD2.26 M. Sidrach de Cardona Ortin: Influence of the Inverter Threshold Losses in the
Grid-Connected Photovoltaic Systems Efficiency.

6.10

OA7.4 J. Munoz, E. Lorenzo, ES: Technical Standard for Stand-Alone PV Systems Using
Inverters.
PV DC
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"Universal Technical Standard for Solar Home Systems” Thermie B SUP

995-96, EC-DGXVII,1998
12

OA7.5 0. Bach, D. Desmettre, F. Mattera, P. Malbranche, GENEC: Results

and Comparisons of Seven Cycling Test Procedures for PV Batteries. . ﬁ
GENEC PV
unknown
7 4
VRLA 4
IEC 7
IEC

—_—

oy
i : Chuatitart procaciuns
Large variations withir e il !
each echnology —_—
D = Teest around 10% of SOC
z A good = solar » batzeny Ll ﬂ'."li | Siandard WG p'S8500
= with flat plate may be "ﬂlﬂ (i —
better than a = poor = L
tubular plate battery i A Test amund 4% of SOC
I-.' /| f FPEHR procedure ___n'
- all T —
= Wy Ul II| \f
= e i |_||'_|'__'|_ [
4 7
¥ Qualibat much gulcker than the PPER
K NFC quicker than the 1EC

i 1096 SOC similar to the 40% S0C

KERD good for stratification evaluation

() 4

@PC2.2 M. Vandenbergh, ISET-Kassel, P. Strauss, S. Beverungen, B.
Buchholz, F. Kininger, H. Colin, N. Ketjoy, T. Suwannakum, D. Mayer, J.
Merten, X. Vallve, J. Reekers: Expandable Hybrid System For Multi-User
Mini-Grids.

PV AC

DC
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COMMUNICATION WITH MULTIPLE USERS AND GENIRATORS

e wus

SMA BUS

[ ]
VC2.5 Improved PV Battery Modelling using Matlab
VC2. S.M. Karabanov, V.V. Simkin: 19 High-Efficiency Extreme Regulator of PV System Power.

VC2.38 P. Diaz, E. Lorenzo: Results of a SHS Charge Controller Testing Campaign.

VC2.39 P. Diaz & J. Mufoz: SHS Battery Modelling: Definition, Tests and Validation.
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VD2.37 P. Boulanger, P. Malbranche: 10 Years in Testing Solar Home Systems at GENEC.[ ]
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PC2.3 A. Goedmakers, D. Rambaud-Measson: Hip-Hip Project (House Integrated
Photovoltaics-High-Tech in Public).

0C2.1 H. Laukamp, S. Herkel, K. Kiefer, K. Voss, S. Anderson: Architectural
Integration of Photovoltaic Systems — The New Premises of Fraunhofer ISE.

-
0C2.2 1.B. Hagemann: Building Integrated Photovoltaic (BIPV) Architecturally Smart

Integration of PV in the Building Envelope.
PV BIPV

0C2.3 F. Vlek, REMU: Results of the 1MW PV Project in Amersfoort The Netherlands.
Amersfoort 1MW-PV PV
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100% 95%
80% 80-107% 710h

PERFORMANCE GRID BEHAVIOUR

Quality Control programme: Heavier cables and transformers
Guaranteed performance: Dealing with energy fiows
Leaflets: “100%" Absorbing harmonic distortion

Nominal minimum power: 95% Inverter / grid interactions

Performance guarantee given: 80% Overvoltage during several minutes

Measured: 80 - 107% Closer studies necessary
Weighted average yield: 710 KkWh/kWp

0C2.4 G. Silvestrini, M. Gamberale, P. Franki: Italian PV Roof Program: First Results.

2004
3 50MW 2008 7 150-200MW 2010 300MW White paper
object 2002 PV12ZMW 2000 2100
64

[ ]
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OC5.1 J.J. Bloem, W. Zaaiman, F. Ferrazza, R. Nacci: A PV Irradiance 3
Reference Ball for Building Integrated Photovoltaic Systems.
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@0C5.2 S.J. Dixon, R. Liebkopf: An investigation into How Electricity Produced by
Photovoltaic Systems Can Be Taken into Consideration in SAP Energy Rating Calculations.

Standard Assessment Procedure(SAP) for housing 10
17%
CO2 PV CO2 SAP

0OC5.3 M.D. Brazilizn, D. Prasad: Design and Results of a Numerical Model
Describing the Heat Transfer in a Photovoltaic Heat Recovery System.
BIPV PV
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0OC5.4 J.R. Bates, U. Blieske, J.J. Bloem, J. Campbell, F. Ferrazza, R.J. Hacker, P.
Strachan, Y. Tripanagnostopoulos: Building implementation of Photovoltaics with Active
Control of Temperature, ‘Building IMPACT' — Final Results.

PV

[ ]
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Heat Extraction Operation .

VB2.28 Y. Tripanagnostopoulos, T. Nousia, M. Souliotis: Test Results of Air Cooled Modified PV
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VD2.66 J. Badran, M. Bosanac: Performance Analysis of a PV/T Module.
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6.13

OD3.5 P. Lund, J. Leppanen: Improved stand-Alone PV Systems with Fuel Cells.[ ]
PV
H2 10w 50w 50% 70%
VB2.43 X. Vallvé, G. Gafas, I. Vosseler, C. Torra, S. lzquierdo, M. Vazquez, V. Blecua, P. Vezin, P.

VC2.59

VvD2.34

VvD2,35

6.1

PD2.1 P.J. Verlinden, N. Kaminar, A. Terao, R.M. Swanson, J. Lasich, G.
Ganakas: Will we Have a 20 %-Efficient (PTC) Photovoltaic System? [
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PVUSA Test Condition (PTC) 20%

Schweizer-Ries, A. Joyce: Key Parameters for Quality Analysis of Multi-User Solar Hybrid
Grids(MSGs).
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P. Boulanger, P. Malbranche, T. Bruton, M. Patterson, J.C. Marcel, G. Moine, F. Rosillo, U.
Hupach, W. Vaassen, A. Perujo: PV Lighting Systems Evaluation and Rating Methods
(PLISE): Final Results.[ ]
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PTC

20%

Standard Rating Condilions (SRC)

PVUSA Testing Conditions (PTC)

AM1.5G, 1000 Witm®, T, = 20°C, Wi speest = | misec

AM1.5D), B0, T,,,, = 20°C, Wine npaed = 1 mivec

VC2.36

VC2.48

VC2.54

VC2.55

VC2.60
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Conclusions

« Efficiency has a groa! jeverags to reduce the ovarall cost
af installed PV systems

= Optimization of sober cell process should be based on theiz
east of the fully nstalled system

AN 56, 1000 Wi, T = Z°C

» ColniModules with higher efficiency have o |ower
temparating coafficiant

tor Nai-pafe mocuies.

« We have presented the first, medium-scale, cost-
effective, concentrator PV system with 20% efficiency
{170 Wilm®) under conditiona similar to PTC

PTC
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7. IEA/PVPS

7.1 IEA PVPS Task 2 Workshop
Solar Electricity Promotion: How are the Operational Performance and Reliability of
Photovoltaic Systems?

2001 10 24 ( )14:00-16:30

Industry Forum, Exhibition Hall, ICM International Congress Centre, Munich,
Germany

50

Operational Performance, Reliability and Sizing of Photovoltaic Systems (Summary
of Workshop)

Operational Performance, Maintenance and Sizing of Photovoltaic Power Systems
and Subsystems (CD-ROM: Programme Version 1.19, Database 06/2001)
Operational Performance, Maintenance and Sizing of Photovoltaic Power Systems
and Subsystems (Brochure)

Welcome by the Moderator (Th. Nordmann)
Introduction: IEA PVPS overview & PVPS Task2 work (U. Jahn)
Operational performance know how and results of PV systems by four Task2 expert

members
? Results and future plans for monitoring residential PV systems in Japan (RTS:
(AIST: )

? Large PV Systems in Italy (S. Castello)

? Experiences from long-term PV monitoring in Switzerland (L. Clavadeyscher)
? Reliability of PV systems, lesson learned (H. Wilk)

Irradiation in the build environment (N. van der Borg)

Performance assessment for PV stand-alone systems (D. Mayer)

Promoting PV systems through their added value (P. Husser)
Conclusion/Closing

7.2 IEA PVPS Outlook Workshop
2001 10 25 ( ) 14:00-16:00
Room 11A-B, ICM International Congress Centre, Munich, Germany
50

Agenda

Implementing Agreement on Photovoltaic Power Systems 2000 (Brochure of PVPS)
PV Power 12 (February 2000)

PV Power 13 (September 2000)

PV Power 15 (October 2001)

Trends in Photovoltaic Applications in Selected IEA Countries between 1992 and
1998

Trends in Photovoltaic Applications in Selected IEA Countries between 1992 and
1999

Task2

Task3
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? Lead-Acid Battery Guide for Stand-Alone Photovoltaic Systems

? Recommended practices for charge controllers

? Survey of National and International Standards, Guidelines and QA Procedures
for Stand-Alone PV Systems

? Problems related to appliances in autonomous PV applications

Task7 Brochure

Welcome, Overview on IEA PVPS (S. Nowak, Chairman IEA PVPS)

An IEA Approach on Accelerating Renewables (R. Vigotti, Chairman IEA REWP)
Expectation of the Industry (M. Cameron, Chief Executive EPIA)

Utilities and PV Experiences and Expectations (H. WIlIk, Energie AG, Austria)
Questions and Discussion (E. Lysen, Former Chairman IEA PVPS)

Conclusions (S. Nowak)

1) Overview on IEA PVPS (S. Nowak)
IEA OPEC 1973
PVPS( ) OECD

? abasic R&D programme
? a demonstration programme
? a marketing platform

PVPS 20 EU
Task Task IV Task VI 1997
Task
Executive conference 3 ( ) 2001
5

-~

Bulk market: Stand alone, BIPV
Niche market: Hybrid, Mini-grids, Grid-support

-~

Accelerate technology development
Strengthen policy frameworks
Transitional policies

Mobilise market investment

NN ) )

2) An IEA Approach on Accelerating Renewables (R. Vigotti)
2001 Ministerial Communique:
G8 Renewables Task Force
? financing
?
Proposed IEA Renewables Initiatives — RE Portfolio Standard
? Benefits and Costs
? Objectives: /

? Key output:
? Portfolio Planning and Risk

? Obijectives:
? Key output:

? Strategies and Measures
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? Objectives:
? Key output:

International Renewable Energy Portfolio Standard:
?

3) Expectation of the Industry (M. Cameron)
PVPS
?
? BIPV
? Financing and Policy Issues
?
?

4) Utilities and PV Experiences and Expectations (H. WIIK)

PV :

PV
PV
PV
(EURO/KWh)

PV:0.75
Biogas: 0.15
Biomass: 0.1
Wind: 0.08
Landfill gas: 0.06

N ) ) ) )

5) Discussion/Conclusion: Key-ltem

Policy Issue PVPS
working party interaction
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