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IEA PVPS is proud to present 
the 18th edition of the inter-
national survey report on 
Trends in Photovoltaic (PV) 
Applications up to 2012. The 

ά¢ǊŜƴŘǎ wŜǇƻǊǘέ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŦƭŀƎǎƘƛǇ ǇǳōƭƛŎa-
tions of the IEA PVPS Programme, document-
ing the evolution of 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 
unique repository of the evolution of the 
global PV market and its framework. Over this 
period of time, PV has evolved from a pure 
niche market of small scale applications to-
wards becoming a mainstream electricity 
source. Observing the recent PV market evo-
lution, 2012 may well prove to be a turning 
point for PV in different aspects. After many 
years of continuous and strong growth, re-
maining at a high level of the previous year, 
the global PV market has stabilized in 2012. 
While in some countries, the PV market con-
tinues to grow, it has become smaller in Eu-
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, 25,3 GW of PV were installed 
in IEA PVPS member countries during 2012 
(2011: 28 GW), whereas the global PV market 
is estimated at 29,3 GW. The global installed 
total PV capacity reached at least 96,6 GW at 
the end of 2012, approaching the 100 GW 
level. Following on the development of the 
previous year, prices for PV systems contin-
ued to drop very quickly, partly due to over-
capacity of PV modules on the market. This 
has allowed new markets and market seg-
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 reshuffling of the ma-
jor players. During 2012, feed-in tariffs re-
mained the main driving force of the world-
wide PV market but self-consumption, net-
metering and new business models have 
started to come into play. Overall, this is an 
encouraging sign for the growing competi-
tiveness of PV and the increasing occurrence 
of self-sustained markets. In countries with 
high levels of installed capacity, PV has start-
ed to affect the electricity markets, technical-
ly and quantitatively, as well as economically. 
It has become evident that the integration of 
PV in the electrical grid from a technical point 

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 levels of deploy-
ment reached, questions of sustainability are 
becoming more relevant in all dimensions, 
e.g. regarding recycling. A comprehensive 
system view is thus becoming ever more im-
portant. All these dynamic developments are 
encouraging signs of a growing and more 
mature market with some key issues to be 
resolved. In parallel, efforts in research, de-
velopment and innovation are rapidly yielding 
new technological solutions and opening up 
new market segments. I hope that you will 
find reading about all these dynamic devel-
opments of a rapidly growing new energy 
technology as exciting as I do! 

      
 
 
 
 

 
 
 

Stefan Nowak 
Chairman, IEA PVPS Programme 
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Introduction  

 

PV markets have significantly progressed out-
side Europe for the first time in 2012. While 
the market stabilized globally, the PV industry 
was put under heavy cost pressure. The price 
decrease of PV modules and system is open-
ing new opportunities, in both grid-connected 
and off-grid 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 cen-
ter of this 18th IEA PVPS Trends report.  

Report Scope and Objective 

As part of the work of the IEA PVPS Pro-
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 inter-
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 non-technical environ-
ment in the reporting countries. 
 
This report is prepared to assist those respon-
sible for developing the strategies of busi-
nesses and public authorities, and to aid the 
development of medium term plans for elec-
tricity utilities and other providers of energy 
services. It also provides guidance to govern-
ment officials responsible for setting energy 
policy and preparing national energy plans. 
 
The scope of the report is limited to PV appli-
cations with a rated power of 40 W or more. 
National data supplied are as accurate as pos-
sible at the time of publication. Accuracy of 
data on production levels and system prices 
varies depending on the willingness of the 
relevant national PV industry to provide data. 
 

This report presents the results of the 18th 
international survey. It provides an overview 
of PV power systems applications, markets 
and production in the 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 in-
formation summaries, which were supplied 
by representatives from each of the reporting 
countries. These national survey reports can 
be found on the website www.iea-pvps.org. 
Information from the countries outside IEA 
PVPS are drawn from a variety of sources and, 
while every attempt is made to ensure their 
accuracy, confidence in some of these data is 
somewhat lower than applies to IEA PVPS 
member countries.  

 

Symbols, Abbreviations and 
Definitions 

Standard ISO symbols and abbreviations are 
used throughout this report. The electrical 
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·m-2 irradiance, 25°C cell junction 
temperature and solar reference spectrum 
AM 1.5. 
 
The term PV system includes the photovoltaic 
modules, inverters and all associated mount-
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 
Ŏŀƴ ōŜ ŎǊŜŀǘŜŘ ŀŎǊƻǎǎ ŀ ŎƻƳǇŀƴȅΩǎ ōǳǎƛƴŜǎǎ 
activities, which can include design, produc-
tion, marketing, delivery and support func-
tions. 
 



TRENDS in Photovoltaic Applications - 2013 

6 
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PV Technology  

The key components of a photovoltaic power system are various types of photovoltaic cells (some-
times also called solar cells) interconnected and encapsulated to form a photovoltaic module (the 
commercial product), the mounting structure for the module or array, the inverter (essential for 
grid-connected systems and required for most off-grid systems), the storage battery and charge con-
troller (for off-grid systems but also increasingly for grid connected ones). 

 

Cells, Modules and Arrays 
 
Photovoltaic cells represent the smallest unit 
in a photovoltaic power producing device, 
typically available in 12,5 cm, 15 cm and up to 
20 cm square sizes. In general, cells can be 
classified as either wafer-based crystalline 
(single crystal and multicrystalline silicon, 
compound semi-conductor) thin film or or-
ganic. Currently, crystalline silicon technolo-
gies account for about 80% of the overall cell 
production in the IEA PVPS countries. Single 
crystal silicon (sc-Si) PV cells are formed with 
the wafers manufactured using a single crys-
tal growth method and have commercial effi-
ciencies between 16% and 24%. Multicrystal-
line silicon (mc-Si) cells, usually formed with 
multicrystalline wafers manufactured from a 

cast solidification process, are becoming in-
creasingly popular as they are less expensive 
to produce but are marginally less efficient, 
with average conversion efficiency around 14-
17%. Quasi-monocrystalline silicon PV cells, 
manufactured using similar processes as mul-
ticrystalline silicon PV cells, have been gaining 
recent attention. III-V compound semicon-
ductor PV cells are formed using materials 
such as GaAs on the Ge substrates and have 
high conversion efficiencies of 40% and more. 
Due to their high cost, they are typically used 
in concentrator PV systems with tracking sys-
tems or space applications. Thin film cells are 
formed by depositing extremely thin layers of 
photovoltaic semi-conductor materials onto a 
backing material such as glass, stainless steel 
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or plastic. Module conversion efficiencies 
reported for thin film PV currently range from 
7% (a-Si) to 13% (CIGS) but they are potential-
ly less expensive to manufacture than crystal-
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 amorphous and mi-
cromorph silicon (a-Si), cadmium telluride 
(CdTe), and copper-indium-gallium-diselenide 
(CIGS). Organic thin film PV cells, using dye or 
organic semiconductors, have created inter-
est and research, development and demon-
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 modules are typically rated be-
tween 50 W and 300 W with specialized 
products for building integrated PV systems 
at even larger sizes. Crystalline silicon mod-
ules consist of individual PV cells connected 
together and encapsulated between a trans-
parent front, usually glass, and a backing ma-
terial, usually plastic or glass. Thin film mod-
ules encapsulate PV cells formed into a single 
substrate, in a flexible or fixed module, with 
transparent plastic or glass as the front mate-
rial. Quality PV modules are typically guaran-
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 array consists of a number of modules 
connected in series (strings), then coupled in 
parallel to produce the required output pow-
er. A wide range of mounting structures has 
been developed especially for building inte-
grated PV systems (BIPV), including PV fa-
cades, sloped and flat roof mountings, inte-
grated (opaque or semi-transparent) glass-
Ǝƭŀǎǎ ƳƻŘǳƭŜǎ ŀƴŘ Ψt± ǊƻƻŦ ǘƛƭŜǎΩΦ {ƛƴƎƭŜ ƻǊ 
two-axis tracking systems have recently be-
come more and more attractive, particularly 
for PV utilization in countries with a high 
share of direct irradiation. By using such sys-
tems, the energy yield can typically be in-
creased by 25-35% for single axis trackers and 
35-45% for double axis trackers compared 
with fixed systems. 

Grid-connected PV Systems 
 
In grid-connected PV-systems, an inverter is 
used to convert electricity from direct current 
(DC) as produced by the PV array to alternat-
ing current (AC) that is then supplied to the 
electricity network. The typical weighted con-
version efficiency ς ƻŦǘŜƴ ǎǘŀǘŜŘ ŀǎ Ψ9ǳǊƻǇŜŀƴΩ 
ƻǊ Ψ/9/Ω ŜŦŦƛŎƛŜƴŎȅ ƻŦ ƛƴǾŜǊǘŜǊs is in the range 
of 95% to 97%, with peak efficiencies reach-
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 maximum 
power from the PV array. One inverter can be 
used for the whole array or separate inverters 
Ƴŀȅ ōŜ ǳǎŜŘ ŦƻǊ ŜŀŎƘ ΨǎǘǊƛƴƎΩ ƻŦ ƳƻŘǳƭŜǎΦ t± 
modules with integrated inverters, usually 
ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ Ψ!/ ƳƻŘǳƭŜǎΩΣ Ŏŀƴ ōŜ ŘƛǊŜŎǘƭȅ 
connected to the electricity network (where 
approved by network operators) and play an 
increasing role in certain markets. 

 

Off-grid PV Systems 
 
For off-grid systems a storage battery is re-
quired to provide energy during low-light 
periods. Nearly all batteries used for PV sys-
tems are of the deep discharge lead-acid type. 
Other types of batteries (e. g. NiCad, NiMH, 
LiO) are also suitable and have the advantage 
that they cannot be over-charged or deep-
discharged, but are considerably more expen-
sive. The lifetime of a battery varies depend-
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 electricity 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 
requirement for AC electricity, a ΨǎǘŀƴŘ-alone 
ƛƴǾŜǊǘŜǊΩ can supply conventional AC appli-
ances. 
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PV Applications and Market 
Segments  

There are six primary applications for PV 
power systems starting from small pico sys-
tems of some watts to very-large-scale PV 
plants of hundreds of MW:  
 
Pico PV systems have experienced 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 as lighting, 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.  

 
Off-grid domestic systems provide electricity 
to households and villages that are not con-
nected to the utility electricity network (also 
referred to as the grid). They provide electric-
ity for lighting, refrigeration and other low 
power loads, have been installed worldwide 
and are often the most appropriate technolo-
gy to meet the energy demands of off-grid 
communities. Off-grid domestic systems in 
the reporting countries are typically around 1 
to 5 kW in size.  

Generally they offer an economic alternative 
to extending the electricity distribution net-
work at distances of more than 1 or 2 km 
from existing power lines. Defining such sys-
tems is becoming more difficult where, for 
example, mini-grids in rural areas are devel-
oped by electricity utilities. 
 
 Off-grid non-domestic installations 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 
high value, thus making PV commercially cost 
competitive with other small generating 
sources.  
 
Hybrid systems combine the advantages of 
PV and diesel hybrid in mini grids. They allow 
mitigating fuel price increases, deliver operat-
ing cost reductions, and offer higher service 
quality than traditional single-source genera-
tion systems. The combining of technologies 
provides new possibilities.  The micro-hybrid 
system range for use as a reliable and cost-
effective power source for telecom base sta-
tions continues to develop and expand. The 
development of small distributed hybrid gen-
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 
customers. Large-scale hybrids can be used 
for large cities powered today by diesel gen-
erators.  

Solar PV mini-grid in Chigubuta, Mozambique 

AC coupled PV/Diesel/Batteries Hybrid system im-
plemented at Isona (Lerida), Spain by Granjes Pereto 

BIPV System in Japan, Courtesy of RTS Corporation 
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Grid-connected distributed PV systems are 
installed to provide power to a grid-
connected customer or directly to the elec-
tricity network (specifically where that part of 
the electricity network is configured to supply 
power to a number of customers rather than 
to provide a bulk transport function). Such 
systems may be on or integrated into the 
ŎǳǎǘƻƳŜǊΩǎ ǇǊŜƳƛǎŜǎ ƻŦǘŜƴ ƻƴ ǘƘŜ ŘŜƳŀƴŘ 
side of the electricity meter, on public and 
commercial buildings, or simply in the built 
environment on motorway sound-barriers, 
etc. Size is not a determining feature ς while a 
1 MW PV system on a roof-top may be large 
by PV standards, this is not the case for other 
forms of distributed generation. 

 

 
Grid-connected centralized systems perform 
the functions of centralized power stations. 
The power supplied by such a system is not 
associated with a particular electricity cus-
tomer, and the system is not located to spe-
cifically perform functions on the electricity 
network other than the supply of bulk power. 
These systems are typically ground-mounted 
and functioning independently of any nearby 
development. 

 
 
 

 
  

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

±Ņƭŀ DŀǊŘΣ ǿƛƴƴŜǊ ƻŦ ǘƘŜ {ǾŜƴǎƪ {ƻƭŜƴŜǊƎƛΩǎ ǇǊƛŎŜ ζ The System of the Year ». Courtesy of Skanska Sverige AB 
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CHAPTER 2 ς Market Development Trends 
 

More than twenty years of PV market development has seen the deployment of close to 100 GW of 
PV systems all over the world. However the diversity of PV markets calls for an in-depth look at the 
way PV developed in all major markets, in order to better understand the drivers of this phenomenal 
development. 

Methodology 

This report counts all installations, both grid-
connected and off-grid installations. By con-
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 net-
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 calculate the most 

precise installation numbers every year. 
Global totals should be considered as indica-
tions rather than exact statistics. 
 

The Global Installed Capacity  

The IEA PVPS countries represented 89,3 GW 
of cumulative PV installations altogether, 
mostly grid-connected, at the end of 2012. 
Eight countries that are not part of the IEA 
PVPS Programme represent 7 additional GW, 
mostly in Europe: Czech Republic with 2,1 GW 
installed, Greece with 1,5 GW, and below the 
GW mark, Bulgaria, Slovakia and Ukraine. In 
Asia Thailand and Taiwan represent 600 MW 
together. Next to these countries, India has 
installed more than 1,1 GW.  
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In other European countries, 285 MW have 
been installed so far and outside Europe, the 
European Photovoltaic Industry Association 
believes that an additional 2,7 GW of PV sys-
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 100 GW 
mark worldwide has been passed, but evi-
dence remains limited. At present it seems 
that 96,6 GW represents the minimum in-
stalled by end 2012 with a firm level of cer-
tainty. Adding 2,7 GW of additional capacities 
spread all over the world would increase the 
total to 99,3 GW, below the 100 GW mark.  

The Market Evolution  

The countries of the IEA PVPS Programme 
have installed 25,3 GW of PV, with a mini-
mum worldwide installed capacity in 2012 
totaling 28,6 GW. While they are hard to track 
with a high level of certainty, installations in 
non-IEA PVPS countries are pushing the in-
stalled capacity above 28 GW in 2012. While 
some new countries have reportedly installed 
some PV, installations numbers for 2012 have 
stabilized in 2012 compared to 2011. The 
European Photovoltaic Industry Association 
believes that an additional 600 MW have 
been installed in Asia, Africa, the Middle-East 
and America. This would put the world mar-
ket for PV in 2012 to 29,3 GW.  

Germany installed 7,6 GW, after two years at 
similar levels of PV installations. This occurred 
in the context of reduced feed-in tariffs, push-
ing self-consumption 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 leader, Italy is second 
with 3,6 GW installed in 2012, down from the 
tremendous and unsustainable 9,3 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 Italian PV development 
will have to rely more on self-consumption 
than feed-in tariffs. The 16,4 GW installed in 
Italy will produce at least 6,9% of the electric-
ity demand of the country in 2013, an undis-
puted world record. China reached third 
place, with 3,5 GW installed: This perfor-
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, the USA reached the 
3,3 GW mark and now has about 7,2 GW of 
installed capacity.  

The fifth place goes to Japan, with 1,7 GW 
installed. This performance puts the total 
installed capacity in this country at 6,6 GW. 
Together, these countries represent 70% of 
all installations recorded in 2012 and slightly 
more in terms of installed capacity.  

Figure 1: Evolution of Cumulative PV Capacity (MW) 
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Figure 4: Cumulative Capacities in 2012 

The following five places go to France (1,1 
GW), Australia (1 GW), India (just below 1,0 
GW), the UK (0,9 GW) and Greece (0,9 GW). 
Together these 10 countries cover 88% of the 
2012 world market. 

Smaller size countries have performed quite 
significantly and raised their total installed 
capacity above the GW mark: Belgium in-
stalled 600 MW and has now reached 2,7 GW 

while Korea has passed the GW mark with a 
more vigorous market than in the last few 
years. Some countries that grew dramatically 
over recent years have now stalled or experi-
enced very small additions: Spain now totals 
4,7 GW of PV systems (4,44 GW reported by 

the authorities1) followed by the Czech Re-
public at 2,1 GW. 

In Europe, net-metering systems allowed the 
market to grow quickly in Denmark (310 MW 
added) and the Netherlands (195 MW re-
ported), with significant additions in Switzer-
land (226 MW) and Austria (175 MW). 

In Asia, next to China, Japan and Korea, Thai-
land is progressing fast with preliminary data 
showing around 173 MW installed in 2012. 
Malaysia installed 27 MW for the first year of 
its feed-in tariff system. Taiwan installed 104 
MW in a growing market. 

                                                                 
1
 Spain reports PV installations in AC while most 

countries report DC power. 

Figure 2: Evolution of Annual PV Installations (MW) 

Figure 3:  The Global PV Market in 2012 




































































































































