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CHAPTERAPV Technology and Applications

IEA PVPS is proud to present
the 18" edition of the inte-
national survey report on
Trends in Photovoltaic (PV)
Applications up to 2012. The
G¢NBYyRa wSLJ]2NI¢
tions of the IEA PVPS Programme, documen
ing the evolutionof PV applications within its
member countries as well as worldwide.
Providing detailed insight and analysis of the
PV market development, the series of trends
reports published since nearly 20 years are a
unigue repository of the evation of the
globalPV market and its frawork. Over this
period of time, PV has evolved from a pure
niche market of small scale applications t
wards becoming a mastream electricity
source. Observing theecent PV market ew
lution, 2012 may well prove to be a turning
point for PV in different aspects. After many
years of continuous and strong growthe-r
maining at a high level of the previous year,
the global PV market has stabilized in 2012.
While in some countries, the PV marketeo
tinues to grow, it has é&come smaller irEu-
rope on the whole. At the same time, PV
markets in Asia have grown substantially and
will likely continue to do so over the coming
years. Overall, 28 GW of PV were installed

AT

in IEA PVPS member countries during 2012

(2011: 28 GW), whereas the global l¥rket

is estimated at 9,3 GW. The global installed
total PV capacity reached at lea®t,® GW at
the end of 2012, pproaching the 100 GW
level. Following on the development of the
previous year, prices for PV systems conti
ued to drop very quickly, paytidue to ove-
capacity of PV modules on the market. This
has allowed new markets and marketgse
ments to develop but has also introduced a
painful consolidation phase for the industry;
pushing many companies out of business and
leading to a substantial resFiing of the ma-

jor players. During 2012, feed tariffs re-
mained the main driving force of the wdrl
wide PV market but sefonsumption, net
metering and new business models have
started to come into play. Ovall, this is an
encouraging sign for the gnong compei-
tiveness of PV and the increasing occurrence
of selfsustained markets. In countries with
high levels of installed capi@¢, PV has star

ed to affect the electricity markets, techniea
ly and quantitatively, as well as economically.
It has becore evident that the integration of
PV in the electrical grid from a technical point

Adaz2ys$

of view, as well as in the electricity market
from an economic point of view, has become
major issues which need to be solved in the
coming years. Finally, at the levelsd#ploy-

ment reached, questions of sustainability are

baceming Krfdre Felevamt ark dll Ldimeddizing, A O

e.g. regarding recycling. A comprehensive
system view is thus becoming ever mone- i
portant. All these dynamic developments are
encouraging signs of a growing amdore
mature market with some key issues to be
resolved. In parallel, efforts in researche-d
velopment and innovation are rapidly yielding
new technological solutions and opening up
new market segments. | hope that you will
find reading about all these dyn@c devé-
opments of a rapidly growing new energy
technology as exciting as | do!

Stefan Nowak
Chairman, IEA PVPS Programme
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Introduction

PV markets have significantly progressed-ou
side Europe for the first time in 2012. While
the market stalized globally, the PV industry
was put under heavy cost pressure. The price
decrease of PV modules and system isrope
ing new opportunities, in both gridonnected
and offgrid applications. This report aims at
providing a comprehensive analysis of the PV
market evolution, together with the policy
support for PV applications. The PV industry,
its impact on the economy in general and the
electricity sector in particular, are at the rce
ter of this 18" IEA PVPS Trends report.

ReportScope and QGlective

As m@rt of the work of the IEA PVPSo-
gramme annual surveys of photovoltaic (PV)
power applications and markets are carried
out in the reporting countries. The objective
of the Trends reports is to present and inte
pret developments in the PV power systems
market and the changing applications for
these products within that market. These
trends are analyzed in the context of the
business, policy and newechnical enviro-
ment in the reporting countries.

This report is prepared to assist those respo
sible for dereloping the strategies of bits
nesses and public authorities, and to aid the
development of medium term plans for ele
tricity utilities and other providers of energy
services. It also provides guidance to gower
ment officials responsible for setting energy
policy and preparing national energy plans.

The scope of the report is limited to PV appl

cations with a rated power of 40 W or more.
National data supplied are as accurate as{o
sible at the time of publication. Accuracy of
data on production levels andystem prices

varies depending on the willingness of the
relevant national PV industry to provide data.

This report presents the results of the 18
international survey. It provides an overview
of PV power systems applications, markets
and production irthe reporting countries and
elsewhere at the end of 2012 and analyzes
trends in the implementation of PV power
systems between 1992 and 2012.

Survey Method

Key data for this publication were drawn
mostly from national survey reports and-i
formation summaies, which were supplied
by representatives from each of the reporting
countries. These national survey reports can
be found on the websitavww.iea-pvps.org
Information from the countries outside IEA
PVPS are drawn from a variety of sources and,
while ewry attempt is made to ensure their
accuracy, confidence in some of these data is
somewhat lower than applies to IEA PVPS
member countries.

Symbols Abbreviationsand
Definitions

Standard 1SO symbols and abbreviations are
used throughout this report. Thelectrical
generation capacity of PV modules is given in
watts (W). This represents the rated power of
a PV device under standard test conditions of
1 000 W-m2 irradiance, 25°C cell junction
temperature and solar reference spectrum
AM 1.5.

The term PVystem includes the photovoltaic
modules, inverters and all associated moun
ing and control components as appropriate.
Supply chain refers to the procurement of all
required inputs, conversion into finished PV
products, distribution and installation of
these products for final customers. The value
chain looks at how increased customer value
Oy 06S ONBIFGSR | ONRaa
activities, which can include design, pradu
tion, marketing, delivery and support fan
tions.
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CHAPTERAPV Tehnology and Applications

PV Technology

The key components of a photovoltaic power system are various typphatbvoltaic cellgsome-
times also called solar cells) interconnected and encapsulated to foplmotovoltaic module (the
commercial product)the mounting structure for the module or array, thenverter (essential for
grid-connected systems and required for most-gffd systems), thetorage batteryand chargecon-
troller (for off-grid systems but also increasingly for grid connected ones).

Cels, Modules and Arrays

Photovoltaic cellgepresent the smallest unit

in a photovoltaic power producing device,
typically available in 18 cm, 15 cm and up to
20 cm square sizes. In general, cells can be
classified as either wafdrased crystalline
(single crystal and multicrystalline silicon,
compound semtonductor) thin film or o
ganic. Currently, crystalline silicon techaol
gies account for about 86 of the overall cell
production in the IEA PVPS countries. Single
crystal silicon (s&i) PV cells afermed with

the wafers manufactured using a single sry
tal growth method and have commercial ieff
ciencies between 8% and 240. Multicryst&

line silicon (meSi) cells, usually formed with
multicrystalline wafers manufactured from a

cast solidification progss, are becomingni
creasingly popular as they are less expensive
to produce but are marginally less efficient,
with average cowersion efficiency around 14
17%. Quasmonocrystalline silicon PV cells,
manufactured using similar processes asl-nu
ticrystallne silicon PV cells, have been gaining
recent attention. IHV compound semiae
ductor PV cells are formed using materials
such as GaAs on the Ge substrates and have
high conversion efficiencies of 20and more.
Due to their high cost, they are typicallyads

in concentrator PV systems with trackingsy
tems or space applications. Thin film cells are
formed by depositing extremely thin layers of
photovoltaic semconductor materials onto a
backing material such as glass, stainless steel
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or plastic. Module cowversion efficiencies
reported for thinfilm PV currently range from
7% (aSi) t013% (CIGS) but they are poterttia
ly less expensive to manufacture than crysta
line cells. The disadvantage of low conversion
efficiencies is that larger areas of photovoltaic
arrays are required to produce the same
amount of electricity. Thin film materials
commercially used are amorphouand mi-
cromorph silicon (aSi), cadmium telluride
(CdTe), and coppéndium-galliumdiselenide
(CIGS). Organic thin film PV cells, using dye o
organic semiconductors, have created inte
est and research, development and demo
stration activities are underway.

Further research and development is being
carried out to improve the efficiency of all the
basic types of cells with laboratory efficiency
levels of 25% for single crystal cells, and 20%
for thin film technologies being achieved.

Photovoltaic modulesare typically rated b-
tween 50 W and 300 W with specialized
products for building integrated PV systems
at even larger sizes. Crystallinecsii mal-
ules consist of individual PV cells connected
together and encapsulated between a tn
parent front, usually glass, and a backing-m
terial, usually plastic or glass. Thin film @ro
ules encapsulate PV cells formed into a single
substrate, in a flexilel or fixed module, with
transparent plastic or glass as the front reat
rial. Quality PV modules are typically guara
teed for up to 25 years by manufacturers and
are type approved to IEC 61215 Ed. 2, IEC
61646 Ed. 2.0 and IEC 61730 International
Standards.

A PV arrayconsists of a number of modules
connected in series (strings), then coupled in
parallel to produce the required output pe

er. A wide range ofmounting structureshas
been developed especially for building ent
grated PV systems (BIPV), includiry &-
cades, sloped and flat roof mountings, ent
grated (opaque or sentransparent) glass
J3fraa Y2RdAZ Sa FyR Wt
two-axis tracking systemshave recently b-
come more and more attractive, particularly
for PV utilization in countries wit a high
share of direct irradiation. By using sucltssy
tems, the energy yield can typically be-i
creased by 285% forsingle axis trackers and
3545% for double axis trackers compared
with fixed systems.

Grid-connected PV Systems

In gridconnected P\sydems, aninverter is
used to convert electricity from direct current
(DQ as produced by the PV array to alterna
ing current AQ that is then supplied to the
electricity network. The typical weighted o
version efficiencg2 TGSy &adl 4SR

I a
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of 95% to 9%, with peak efficiencies relac
ing 98%. Inverters connected directly to the
PV array incorporate a Maximum Power Point
Tracker (MPPT), which continuously adjusts
the load impedance to provide the miaxum
power from the PV array. One inverter can be
used for the whole array or separate inverters
Y& 0S5
modules with integrated inverters, usually
NEFSNNBR G2 +Fa wi/
connected to the electrity network (where
approved by network operators) and play an
increasing role in certain markets.

Off-grid PV Systems

For oftgrid systems atorage batteryis re-
quired to provide energy during lolight
periods. Nearly all batteries used for P\&-sy
tems ae of the deep discharge leaatid type.
Other types of batteries (e. g. NiCad, NiMH,
LiO) are also suitable and have the advantage
that they cannot be ovecharged or deep
discharged, but are considerably more erpe
sive. The lifetime of a battery variegperd-
ing on the operating regime and conditions
but is typically between 5 and 10 years.

A charge controller(or regulator) is used to
maintain the battery at the highest possible
state of charge (SOC) and provide the user
with the required quantity of ectricity while
protecting the battery from deep discharge or
overcharging. Some charge controllers also
have integrated MPP trackers to maximize
the PV electricity generated. If there is the
regRirzrent RAC Slactidty, ¥ 3 (ranies
Ay @S bdi SR conventional AC apipl
ances.
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PVApplicationsand Market
Segmens

There are six primary applications for PV
power systems starting from small picossy
tems of some watts to veHargescale PV
plants of hundreds of MW:

Pico PV systemisave experience significant
development in the last few years, combining
the use of very efficient lights (mostly LEDS)
with sophisticated charge controllers and
efficient batteries. With a small PV panel of
only a few watts essential services can be
provided, such asighting, phone charging
and powering a radio or a small computer.
Expandable versions of solar pico PV systems
have entered the market and enable starting
with a small kit and adding extra loads later.

Solar PV mingrid in Chigubta, Mozambique

Off-grid domesticsystems provide electricity
to households and villages that are not o
nected to the utility electricity network (also
referred to as the grid). They gvide electre-
ity for lighting, refrigeation and other low
power loads, have been installed worldwide
and are often the most approgaie technob-
gy to meet the energy demands of affid
communities. Off-grid domestic systems in
the reporting countries are typically around 1
to 5 kW in size

AC coupled PV/Diesel/Batteries Hybrid systerm-
plemented at Isona (Lerida), Spain by Granjes Pere

Generallythey offer an economic alternative
to extending the electricity distribution e
work at distances of more than 1 or 2 km
from existing power lines. Defining suchssy
tems is becoming more difficult where, for
example, mingrids in rural areas are delve
oped by electricity utilities.

Off-grid non-domesticinstallations were the
first commercial application for terrestrial PV
systems. They provide power for a wide range
of applications, such as telecommunication,
water pumping, vaccine refrigeration and
navigational aids. These are applications
where small amounts of electricity have a
highvalue, thus making PV commercially cost
competitive with other small generating
sources.

Hybrid systemscombine the advantages of
PV and diesel hybrid in mini grids. They allow
mitigating fuel price increases, deliver opera
ing cost reductions, and offdrigher service
quality than traditional singlsource genea-
tion systems. The combining of technologies
providesnew possibilities The micrehybrid
system range for use as a reliable and €ost
effective power source for telecom baseast
tions continues todevelop and expand. The
development of small distributed hybrid ge
eration systems for rural electrification to
address the needs of remote communities
will rely on the impetus given by institutions
in charge of providing public services to rural
customes. Largescale hybrids can be used
for large cities powered today by dieselrge
erators.

BIPV System in Japan, Courtesy of RTS Corpor:
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Gridconnected centralizedsystems perform

Grid-connected distributedPV systems are the functions of centralized power stations.
installed to provide power to a grd The power supplied by such a system is not
connected customer or directly to the ele associated with a particular electricity $u
tricity network (specifically where that pof tomer, and the system is not located toesp
the electricity network is configured to supply cifically perform functns on the electricity
power to a number of customers rather than network other than the supply of bulk power.
to provide a bulk transport function). Such These systems are typically groununted
systems may be on or integrated into the  and functioning independently of any nearby

Odzai2YSNR&a LINBYArAaSa 2 ?éese]bpmany{ GKS RSYIYR
side of the electricity meter, orpublic and

commercial buildings, or simply in the built

environment on motorway soundarriers,

etc. Size is not a determining featugevhile a

1 MW PV system on a roéép may be large

by PV standards, this is not the case for other

forms of distributedgeneration.

2 MW Utility-scale PV in Yushu, Qinghai Province, China, Courtesy of Lu Fang



Industrial Rooftop PV Installation in Brussels, Belgia@JIRISVater Treatment Center,
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More than twenty years of PV markdevelopment has seen the deployment of close to 100 GW of
PV systems all over the world. However the diversity of PV markets calls foideptmlook at the
way PV developed in all major markets, in order to better understand the drivers of this pheabme

development.
Methodology

This report counts all installations, both grid
connected and offyrid installations. By a®
vention, the numbers reported refer to the
nominal power of PV systems installed. These
are expressed in W (or Wp). Some countries,
such as Spain, are reporting the power output
of the PV inverter (the device converting DC
power from the PV system into AC electricity
compatible with standard electricity e
works). The difference between the standard
DC Power (in Wp) and the AC power can
range from as little as 5% (conversion losses)
to as much as 30% (for instance some grid
regulations in Germany limit output to as
little as 70% of the peak power from the PV
system). Conversion of AC data has been
made for Spain, in order to calculateetimost

10

precise installation numbers every year.
Global totalsshould be considered as indic
tionsrather thanexact statistics.

TheGloballnstalled Capacity

ThelEA PVPS countries represented38@W

of cumulative PV installations altogether,
mostly grd-connected, at the end of 2012.
Eight countries that are not part of the IEA
PVP3rogrammerepresent 7 additional GW,
mostly in Europe: Czech Republic wafth GW
installed, Greece with %, GW, and below the
GW mark, Bulgaria, Slovakia and Ukraine. In
Ada Thailand and Taiwan represent 600 MW
together. Next to these countries, India has
installed more than 11 GW.
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Figure 1:Evoltion of Cumulative PV &acity (MW)
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In other European countries, 285 MW have
been installed so far and outside Europe, the
European Photovoltaic Industry Association
believesthat an additional ZZ GW of PV sy
tems have been installed in the last twelve
years.

While other countries around the world have
reached various PV installations levels, the
total of these remains hard to quantify with
certainty. Some could argue the 10BW
mark worldwide has been passed, buti-ev
dence remains limited. At present it seems
that 966 GW represents the minimumm-
stalled by end 2012 with a firm level ofree
tainty. Adding Z7 GW of additional capacities
spread all over the world would increasiee
total to 99,3 GW, below the 100 GW mark.

The Market Ewlution

The countriesof the IEA PVPS Programme
have installed 28 GW of PV, with a min
mum worldwide installed capacity in 2012
totaling 286 GW. While they are hard to track
with a high level bcertainty, installations in
non-IEA PVPS countries are pushing the i
stalled capacity above 28 GW in 2012. While
some new countries have reportedly installed
some PV, installations numbers for 2012 have
stahlized in 2012 compared to 2011. The
Europan Fhotovoltaic Industry Association
believes that an additional 600 MW have
been nstalled in Asia, Africa, the MiddEast
and America. This would put the world ma
ket for PV in 2012 to 29 GW.

Germanyinstalled 76 GW, after two years at
similar levels oPV installations. This occurred
in the context of reduced feeth tariffs, pu$-
ing selfconsumption as a natural driver of PV
development in this country where the total
installed PV capacity is now more than 32 GW.
Behind the German leadelfaly is secad
with 3,6 GW installed in 2012, down from the
tremendous and unsustainable,® GW the
previous year. Now that the financial cap set
by the Italian authorities as a limit for the cost
to be borne by electricity consumers has been
passed, the future of H&an PV development
will have to rely more on setfonsumption
than feedin tariffs. The 1@ GW installed in
Italy will produce at least,8% of the electu-

ity demand of the country in 2013, an usdi
puted world record. China reached third
place, with 35 GW installed: This perfo
mance is in line with the ambitions of the
Chinese authorities to continue developing its
internal PV market, pushing for 35 GW by the
year 2015, starting now at 7 GW.

Close to the third place, theSAreached the
3,3 GW mark andow has about 2 GW of
installed capacity.

The fifth place goes tdapan, with 1,7 GW
installed. This perfonance puts the total
installed capacity in this cotry at 66 GW.
Together, these countries peesent 706 of
all installations recorded in 2012nd slightly
more in terms of installed capacity.

11
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Figure2: Evolution of AnnualPVInstallations (MW)
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The following five places go tBrance (1,1
GW), Australia (1 GW),India (just below 10
GW), theUK (0,9 GW) andGreece(0,9 GW).
Together these 10 countries cover 88% of the
2012 world market.

Smallersize counties have performed quite
significantly and raised their total installed
capacity above the GW mariBelgium in-
stalled 600 MW and has now reached W

Figure 3: The Global PV Market in 201Z

while Koreahas passedhe GW mark with a
more vigorous market than in the last few
years. 8me countries that grew dramatically
over recent years have now stalled or exiper
enced very small additionSpainnow totals
4,7 GW of PV systems,44 GW reported by

12

the authorities) followed by the CzecheR
public at 21 GW.

In Europe, netmetering systms allowed the
market to grow quickly ilbenmark(310 MW
added) and theNetherlands (195 MW e-
ported), with significant additions iBwitze-
land (226 MW) andAustria (175 MW).

Figure4: Cumulative Capacities in 2012

Australia

2% China India

France
4%
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33%

In Asia, next to China, Japan and Kords-
land is progressing fast with piietinary data
showing around 173 MW installed in 2012.
Malaysiainstalled 27 MW for the first year of
its feedin tariff system.Taiwaninstalled 104
MW in a growing market.

! Spain reports PV installations in AC while most
countries report D@ower.






































































































































































































