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1. INTRODUCTION

» Grid-connected PV sector is maturing and spreading all around the world.

» More than 100 GW of BIPV and large PV plants have been installed only 1n 10 years (80 GW last 3 years).
= PV solar energy is the 3" most significant renewable energy source (behind hydro and wind energy in terms of capacity).

» PV solar energy can compete 1in cost terms with traditional energy sources even without additional subsidies (South Europe).

 PVCROPS project has compiled a manual with a collection of good and bad practices detected in PV plants

* New PV installation will be more and more competitive: more rehable, efficient and cost-effective 1f errors and mistakes

already done are avoided.

2. GOOD AND BAD PRACTICES: THE MANUAL

* Objective: to represent a useful reference for when a new installation is being designed and built.

» 129 pages and 229 pictures with an explanatory text.

GOOD AND

» Pictures related to good practices: show how the installation has to be done.
BAD PRACTICES

= Pictures related to bad practices: show examples of what has to be avoided.
» Pictures are classified in 7 categories:
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o Civil works

¢+ Supporting structures
+ Connection boxes

¢ PV array

MANUALTO IMPROVE THE QUALITY

¢ Inverter - | - AND REDUCE THE COST OF PV SYSTEMS

¢ Monitoring

¢ Others

PhotoVoltaic Cost r€duction, Reliability,
Operational performance, Prediction and
Simulation

3. MANUAL DOWNLOAD

* “Good and Bad Practices: Manual to improve the quality and reduce the cost of PV systems” is free available

* Visit WWW.pvCrops.eu

» Different languages (soon): english, spanish, bulgarian, portuguese, french, dutch and arabian.

4. FUTURE OF THE MANUAL

* The manual will be periodically revised, improved and updated.

 All people is invited to collaborate (new situations and pictures are welcome).

provided by Servicio de Coordinacién de Bibliotecas de la Universidad Politécnica de Madrid
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ABSTRACT: The PVCROPS project (PhotoVoltaic Cost r€duction, Reliability, Operational performance, Prediction
and Simulation), cofinanced by European Commission in the frame of Seventh Framework Programme, has compiled
in the “Good and bad practices: Manual to improve the quality and reduce the cost of PV systems” a collection of
good and bad practices in actual PV plants. All the situations it collects represent the state-of-the-art of existing PV
installations all around Europe. They show how the different parts of an installation can be implemented properly or
not. The aim of this manual is to represent a reference text which can help any PV actor (installers, electricians,
maintenance operators, owners, etc.) not only to check and improve an already existing installation but will also, and
mainly, avoid the previously known bad practices for the construction of a new PV installation. Thus, solving a priori
the known errors, new PV installations will be more reliable, efficient and cost-effective and can recover the initial
investment in a shorter time. The manual is going to be free available in the PVCROPS website in several languages.
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1 INTRODUCTION

Grid-connected photovoltaic (PV) solar energy is a
technology which has come to play a significant role in
the electricity generation and supply systems of many
countries. Over a period of only 10 years, approximately
100 GW of PV capacity has been developed and
constructed with close to 80 GW of that total having been
built in the past 3 years. This represents an annual grown
of close to 40%. For this reason, PV installations are the
third most significant renewable energy source, behind
hydro and wind energy in terms of capacity. This
exponential growth has been evident in Europe, where
close to 70% of the worldwide grid-connected PV power
is situated. In fact, some European countries are meeting
more than 5% of their annual electricity demand with PV
energy (Germany and Italy) [1]. This rapid development
has been accompanied by a gradual decrease of PV
device costs, and this has propitiated that, in the south of
Europe, PV solar energy now can compete in cost terms
with traditional energy sources (gas, coal, oil, nuclear,
etc.), even without additional subsidies.

The PV sector is maturing and spreading rapidly
elsewhere in the World. Evidence of this is that last year
(2012) was the first year in which PV power installed in
the rest of the word was almost at the same level as that
installed in Europe [1]. In order to continue with this
growth, and to make PV solar energy more and more
competitive, it is necessary to consider the best practices
for PV installations. This involves avoiding the mistakes
which occurred in the earlier installations. Thus, solving
a priori the known errors, new PV installations will be
more reliable, efficient and cost-effective and can recover
the initial investment in a shorter time.

So, the PVCROPS project (PhotoVoltaic Cost
r€duction,  Reliability, = Operational  performance,
Prediction and Simulation) has compiled in the “Good
and bad practices: Manual to improve the quality and
reduce the cost of PV systems” [2] a collection of
pictures that show the good and bad practices which have
been detected in existing PV installations.

This manual is inspired in a previous text related to
rural electrification that reports about good and bad
practices in PV stand-alone installations [3].

2 GOOD AND BAD PRACTICES: MANUAL

2.1 Objectives.

The main objective of the manual is to represent a
useful reference for when a new installation is being
designed and built. The good practices will be examples
of how to implement these projects to get each individual
device operating properly and avoid premature
degradation. The bad practices will be example of
mistakes which have previously been made and should be
avoided.

The fact that this manual shows bad practices should
not be interpreted as indicating that they are common in
existing installations. On the contrary, PV installations
are generally well constructed and are operating
effectively, with good practices predominating. The
manual tries to show those defects that have been
detected and which can cause a reduction in the lifetime
of the installation or in the resulting energy production.
Therefore, such practices lead to a decrease in overall
performance if they are not resolved.

The examples shown in the manual are related to



both PV plants and building integrated photovoltaic
systems (BIPV). Most of the situations and examples it
presents come from PV plants, but there are good and bad
practices common in both installations.

It is necessary to point out that all the measures
recommended in the manual are worthless if after a PV
installation is built, it is not properly maintained.
Following the recommendations presented in the manual
will not guarantee a good performance from a PV
installation. PV installations must meet the national
electrical industry regulations and should include
preventive and corrective maintenance to detect and
quickly solve faults and failures that can appear during
normal operation. It is advisable to install a monitoring
system, operated by qualified personnel, that provides
alerts in the event of faults in the PV installation during
operation. A periodic review of the status and condition
of the wiring, plugs, modules, inverters, etc. is essential.
Only in this way the installation will operate properly,
ensuring that it reaches its full design lifetime, a high
availability level with high energy production and,
consequently, lower costs for PV solar energy.

2.2 Organization

The manual is composed by 129 pages, including 229
pictures, and is divided in 4 chapters.

Chapter 1 is a brief introduction reporting the
evolution of PV installation grid connected all around the
world and the objectives of the manual.

Chapter 2 reports about the organization of the
manual and explains how the manual is written.

Chapter 3 shows the good and bad practices which
have been detected in existing PV installations. It is
divided into 7 sections, each dealing with separate
aspects of grid-connected photovoltaic installations, both
PV plant and BIPV. These sections describe both typical
good practice in terms of PV installations and some of
the mistakes which can occur. The presentation is in the
form of visual material, both photographs and diagrams,
and a short text which describes the good and bad
practice where relevant.

As noted above, each category is related to one of the
main components or sub-systems of a PV system and is
identified by a letter which indicates the aspect to which
the figures refer:

e “C” for the civil works needed to implement the PV
installation;

e “S” for the supporting structures holding the PV
modules, the connection boxes and the cables;

e “W” for the connection boxes that save the live
cables, fuses, switches and others devices from
outdoors;

e “G” for the photovoltaic array or generator that
transforms solar energy into electricity;

e “I” for the inverters that converts the DC power from
the PV array to AC power to be injected into the grid;

e “M” for the monitoring devices and routines that
supervise the operation of the installation and reports
about it;

e “O” for those other aspects not dealt with the other
categories, mainly those related with the integration
of the installation in the environment.

All of the photographs are from real installations in
various parts of Europe and represent the common
procedures which are used for the construction of PV

installations. Avoiding bad practices and applying the
examples of better practice will help to ensure that final
PV installations will be free of premature degradation
and frequent failure that will decrease the energy
production of the system and, consequently, its
profitability.

Fig. 1 shows the symbols used to report about a good
practice (left) a bad practice (middle) and a situation that
is neither a good or a bad practice but could be improved
(right). These symbols highlight quickly and clearly the
nature of the situation being presented.

YES NO |

Figure 1: Symbols used to report about good practices
(left), bad practices (middle) or a situation that could be
improved (right).

Finally, chapter 4 gives some links to web pages and
forums in which information about PV installations can
be found: news, research articles, general reports,
analysis of PV technology, etc.

2.3 Example

Fig. 2 and Fig. 3 are examples taken from the
manual. They show a bad and a good practice,
respectively, and come from the section related to PV
arrays, reporting about modules placement and shading.

Figure 2: Grid-connected PV installation with a
supporting structure that cast a shadow over the panels
behind it.

Figure 3: Grid-connected PV installation without
shading between consecutive rows.



Fig. 2 shows a structure that cast a shadow over the
panels behind it. Fig. 3 shows an installation without
shading between consecutive rows. The explanatory text
joined to the pictures in the manual helps to understand
the situation that is shown in the pictures: the distance
between PV modules must be large enough to avoid
shading between rows even for winter time at noon (the
critical time for shading in static installations as the sun is
lower in the sky). Otherwise, the performance can be
reduced.

2.4 Download and languages

The manual is going to be free available in the
PVCROPS website (www.pvcrops.ecu) and can be
downloaded soon in several languages: English, Spanish,
Portuguese, Bulgarian, French, Dutch, and Arabic. Fig. 4
shows the cover of the English version of the manual.
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Figure 4: Cover of the “Good and bad practices: Manual
to improve the quality and reduce the cost of PV
systems”.

3  FUTURE OF THE MANUAL

This manual is conceived to be a reference text not
only in its origin, but also in the future. It pretends to be a
“live” reference. The text and pictures here presented are
the first version of a manual that will be periodically
revised, improved and updated. So, this manual has been
submitted to PV forums of different countries [4], [5],
[6], [7] and translated to different languages to get the
widest diffusion. All the people is invited to participate in
these forums, reporting about those situations not
collected here and sending the pictures that reflect the
good or bad practices.

4 SUMMARY

This paper reports about the “Good and bad practices:
Manual to improve the quality and reduce the cost of PV
systems”. This manual is composed by 129 pages,
including 229 pictures that show the good and bad
practices which have been detected in existing grid-
connected PV installations. These practices are related
with civil works, supporting structures, connection boxes,
PV arrays, inverters, monitoring and others different
aspects of an installation. The main objective of the
manual is to represent a useful reference for when a new
installation is being designed and built in order to avoid
those defects previously done which can cause a
reduction in the lifetime of the installation, in the
resulting energy production or in the overall performance
if they are not resolved.

5 ACKNOWLEDMENTS

The “Good and bad practices: Manual to improve the
quality and reduce the cost of PV systems” has been
written in the context of the PVCROPS project
(PhotoVoltaic Cost r€duction, Reliability, Operational
performance, Prediction and Simulation), that is
cofinanced by European Commission in the frame of
Seventh Framework Programme.

6 REFERENCES

[1] Global market outlook for photovoltaics 2013-2017.
May 2013. European Photovoltaic Industry
Association (EPIA, available in
www.epia.org/news/publications/).

[2] Good and bad practices: Manual to improve the
quality and reduce the cost of PV systems.
PVCROPS Project (available in www.pvcrops.eu).

[3] Photovoltaic rural electrification: a fieldwork picture

book. E. Lorenzo, R. Zilles, E. Caamafio. Promotora

General de Estudios, S.A. Progensa (2001).

http://solarweb.net

http://forum-photovoltaique.fr

http://apere.org/forum

[4
[5
[6
[7] http://solar.st.bg/forum/index.php

—



	5BV.4.15 A0
	5BV_4_15


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


