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Annual surveys of photovoltaic (PV) power applications and markets are carried out in the reporting countries, as part of the [EA PVPS
Programme’s work.

The Trends reports objective is to present and interpret developments in the PV power systems market and the evolving applications
for these products within this market. These trends are analysed in the context of the business, policy and non technical environment
in the reporting countries.

This report is prepared to assist those who are responsible for developing the strategies of businesses and public authorities, and to
support the development of medium term plans for electricity utilities and other providers of energy services. It also provides guidance
to government officials responsible for setting energy policy and preparing national energy plans. The scope of the report is limited
to PV applications with a rated power of 40 W or more. National data supplied are as accurate as possible at the time of publication.
Data accuracy 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 23 international survey. It provides an overview of PV power systems
applications, markets and production in the reporting countries and elsewhere at the end of 2017 and analyses trends in the
implementation of PV power systems between 1992 and 2018. Key data for this publication were drawn mostly from national survey
reports and information summaries, which were supplied by representatives from each of the reporting countries. These national
survey reports can be found on the IEA PVPS 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, the validity of some of these data cannot
be assured with the same level of confidence as for [IEA PVPS member countries.
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Numbers provided in this report, “Trends 2018 in Photovoltaic Applications”, are valid at the time of publication. Please note that all
figures have been rounded.
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FOREWORD

On behalf of the IEA PVPS Programme, welcome to the
23rd international survey report on Trends in Photovoltaic (PV)
Applications!

Since its inception in 1992, the series of IEA PVPS Trends reports
now covers the unique analysis of the last 25 years of global PV
market development. [EA PVPS is proud to be a key witness of
the very dynamic development that photovoltaics has undergone
in the last quarter of a century, thereby tracing the very start of
the global energy turnaround that the world is now experiencing,
and which will continue to do so over the next 25 years.

This year’s report covers the market and industry development up
to 2017 which has been another record-breaking year. For the
first time, close to 100 GW of PV power systems have been
installed globally in one year, bringing the total installed capacity
to over 400 GW and confirming the annually new installed PV
capacity as the number one over all other energy technologies.

Once again, a key driver of this remarkable result has been the
development in China (53,1 GW of installed capacity in 2017),
followed by the United States (10,7 GW), India (9,1 GW), Japan
(7,5 GW) and — for the first time among the top five PV countries
— Turkey (2,6 GW). This picture confirms that — besides the key
role that China plays — an important part of the growth comes
from emerging PV markets, namely in the Asia-Pacific region.
The US market was lower than in 2016 (14,8 GW) while
established markets such as Japan and Europe remained rather
stable. Nine countries installed more than 1 GW in 2017 and 27
countries reached a cumulative capacity of 1 GW and more.

Main Authors:
Gaétan Masson
and lzumi Kaizuka

On the cost side, record PPAs have been announced at below
2 USDcents per kWh, confirming the increasing competitiveness
that PV can reach under best conditions. With further cost
reductions to be expected in the coming years, this trend is very
likely to continue bringing PV to the cheapest option for electricity
generation. It is, however, equally important to point out that
average PV life cycle costs of electricity are somewhat higher and
often still strongly depend on the regulatory framework
conditions. Best evidence for this observation is given by the
change of the framework conditions that took place in China in
May 2018, thereby strongly affecting this particular market.

Overall, the policy driven conditions globally tend to diversify, in
particular for smaller systems, where self-consumption and storage
options are gaining importance. While policy remains relevant, a
shift to market-oriented framework conditions can be observed in
many countries. As part of this trend, new business models are
being introduced leading to further diversification. All of these
developments are accompanied by continuous technology and
product evolution, making PV a growing player in the energy field.
With its rising level of penetration in electric grids, PV is more and
more affecting electricity systems as a whole, and the integration
into various technical and market environments becomes crucial.

As a last number to remember, at the end of 2017, PV is
estimated to provide about 2,5% of the global electricity supply
and in about 30 countries, PV contributes between 1% and 10% to
the electricity consumption. These are just a few highlights of the
wealth of information that this 23" edition of the IEA PVPS Trends
report hopes to provide to you!

Stefan Nowak
Chairman
IEA PVPS Programme
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PV TECHNOLOGY -
AND APPLICATIONS

Photovoltaic (PV) devices convert light directly into electricity
and should not be confused with other solar technologies such
as concentrated solar power (CSP) or solar thermal for heating
and cooling. The key components of a PV power system are
various types of photovoltaic cells (often called solar cells)
interconnected and encapsulated to form a =6<{<B<Y/71
- <2Ai3 (the commercial product), the = <A;{1;5 ?6>A1(A>3 for
the module or array, the 7; B3>(3> (essential for grid-connected
systems and required for most off-grid systems), the ?i<>/53
0/0(03>D and 16/>53 1<;{><%3> (for off-grid systems but also
increasingly for grid-connected ones).

CELLS, MODULES AND SYSTEMS

Photovoltaic cells represent the smallest unit in a photovoltaic
power producing device, typically available in 12,5 cm and 15 cm
square sizes. In general, cells can be classified as either wafer-
based crystalline (single crystal and multicrystalline silicon),
compound semiconductor (Thin-film), or organic. Currently,
crystalline silicon technologies account for more than 97% of the
overall cell production and more than 94% in the IEA PVPS
countries. Single crystal silicon (sc-Si) PV cells are formed with the
wafers manufactured using a single crystal growth method and
have commercial efficiencies between 16% and 25%.
Multicrystalline silicon (mc-Si) cells, usually formed with
multicrystalline wafers manufactured from a cast solidification
process, have remained popular as they are less expensive to
produce but are less efficient, with average conversion efficiency
around 14-18%. lll-V compound semiconductor PV cells are
formed using materials such as GaAs on the Ge substrates and
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have high conversion efficiencies of 40% and more. Due to their
high cost, they are typically used in concentrator PV (CPV)
systems with tracking systems or for space applications. Thin-film
cells are formed by depositing extremely thin layers of
photovoltaic semiconductor materials onto a backing material
such as glass, stainless steel or plastic. Thin-film modules used to
have lower conversion efficiencies than basic crystalline silicon
technologies but this has changed in recent years. They are
potentially less expensive to manufacture than crystalline cells.
Thin-film materials commercially used are cadmium telluride
(CdTe), and copper-indium-(gallium)-diselenide (CIGS and CIS).
Amorphous and micromorph silicon (a-Si) used to have a
significant market share but failed to follow both the price of
crystalline silicon cells and the efficiency increase of other thin film
technologies. In terms of efficiencies, CdTe cells reached in 2017
21% in labs. Organic thin-film PV cells, using dye or organic
semiconductors, have created interest and research,
development and demonstration activities are underway. In June
2018, perovskites solar cells have reached efficiencies of 27,3% in
labs but have not yet resulted in stable market products. Tandem
cells based on perovskites are currently researched, with either a
crystalline silicon base or a thin-film base and could hit the market
sooner than pure perovskites products.

Photovoltaic modules are typically rated between 50 W and
400 W with specialized products for building integrated PV systems
(BIPV) at even larger sizes. Wafer-based crystalline silicon modules
have commercial efficiencies between 17 and 22,7%. Crystalline
silicon modules consist of individual PV cells connected together
and encapsulated between a transparent front, usually glass, and a
backing material, usually plastic or glass. Thin-film modules

IEA PVPS TRENDS 2018 IN PHOTOVOLTAIC APPLICATIONS
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PV TECHNOLOGY / continuep

encapsulate PV cells formed into a single substrate, in a flexible or
fixed module, with transparent plastic or glass as the front material.
Their efficiency ranges between 7% (a-Si) and 16% (CdTe). CPV
modules offer now efficiencies above 38%.

Bifacial PV modules are producing light on both sides of the panel,
and when mounted on a surface which albedo reflects enough
light, could lead to significant increases in energy production,
estimated to a maximum of 15%. However, with few installations
at the end of 2017, bifaciality remains a niche which potential
seems untapped.

A PV System consists in one or several PV modules, connected
to either an electricity network (grid-connected PV) or to a series
of loads (off-grid). It comprises various electric devices aiming at
adapting the electricity output of the module(s) to the standards of
the network or the load: inverters, charge controllers or batteries.

A wide range of mounting structures has been developed
especially for BIPV; including PV facades, sloped and flat roof
mountings, integrated (opague or semi-transparent) glass-glass
modules and “PV roof tiles”.

Single or two-axis tracking systems have recently become more
and more attractive for ground-mounted systems, particularly for
PV utilization in countries with a high share of direct irradiation. By
using such systems, the energy yield can typically be increased 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
alternating current (AC) that is then supplied to the electricity
network. The typical weighted conversion efficiency is in the range
of 95% to 99%. Most inverters 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
may be used for each “string“ of modules. PV modules with
integrated inverters, usually referred to as “AC modules®, can be
directly 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 required to provide
energy during low-light periods. Nearly all batteries used for PV
systems are of the deep discharge lead-acid type. Other types of
batteries (e. g. NiCad, NiMH, Li-lon) are also suitable and have the
advantage that they cannot be overcharged or deep-discharged,
but these are considerably more expensive. The lifetime of a
battery varies, depending on the operating regime and conditions,
but is typically between 5 and 10 years even if progresses are
seen in that field.
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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 “stand-alone inverter” can supply conventional AC appliances.

PV APPLICATIONS AND
MARKET SEGMENTS

There are seven primary applications for PV power systems
starting from small pico systems 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. They are mainly used for off-grid
basic electrification, mainly in developing countries.

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

Generally they offer an economic alternative to extending the
electricity distribution network at distances of more than 1 or 2 km
from existing power lines. Defining such systems is becoming
more difficult where, for example, mini-grids in rural areas are
developed 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 telecommunications, 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
generator in mini grids. They allow mitigating fuel price increases,
deliver operating cost reductions, and offer higher service quality
than traditional single-source generation systems. The combining
of technologies provides new possibilities. The micro-hybrid
system range for use as a reliable and cost-effective power source
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for telecom base stations continues to develop and expand. The
development of small distributed hybrid generation 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 generators and have
been seen for instance in central Africa for powering cities far
from the grid with a base of utility-scale PV and battery storage.

Grid-connected distributed systems are installed to provide
power to a grid-connected customer or directly to the electricity
network (specifically where that part of the electricity distribution
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 customer’s premises often on
the demand side of the electricity meter, on residential,
commercial or industrial buildings, or simply in the built
environment on motorway sound-barriers, etc. Size is not a
determining feature — while a 1 MW PV system on a rooftop may
be large by PV standards, this is not the case for other forms of
distributed generation. On buildings, we have to distinguish
between BAPV and BIPV systems. BAPV refers to PV systems
installed on an existing building while BIPV imposes to replace
conventional building materials by PV ones.

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 customer, and the
system is not located to specifically 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. Floating PV systems
are developing fast and can be associated with existing grid
connections for instance in the case of dam vicinity. Agricultural
PV is also developing fast to combine crops and energy
production in the same site.

VIPV or PV in vehicles in the latest PV segment to develop, with
some high potential on cars, trucks, ships and more.
Decarbonization constraints are pushing for reduced GHG
emissions in the transport sector, with a possible emphasis on
embedded PV.
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PV MARKET DEVELOPMENT TRENDS

More than twenty years of PV market development have
resulted in the deployment of over 403 GW of PV systems
throughout the world. However, the diversity of PV markets
calls for an in-depth look at the way PV has been developing in
all major markets, in order to better understand the drivers of
this growth.

METHODOLOGY

This report counts all installations, both grid-connected and
reported off-grid installations. By convention, the numbers
reported refer to the nominal power of PV systems installed.
These are expressed in W (or Wp). Some countries are reporting
the power output of the PV inverter (device converting DC power
from the PV system into AC electricity compatible with standard
electricity networks). 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 40% (for instance some grid
regulations limit output to as little as 65% of the peak power from
the PV system, but also higher DC/AC ratios reflect the evolution
of utility-scale PV systems). Conversion of AC data has been
made when necessary, in order to calculate the most precise
installation numbers every year. Global totals should be
considered as indications rather than exact statistics. Data from
countries outside of the IEA PVPS network have been obtained
through different sources, some of them based on trade statistics.

1 “Latest Developments in Global Installed Photovoltaic Capacity and Identification of Hidden
Growth Markets”, Werner Ch., Gerlach A., Masson G., Breyer Ch., 2018.
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THE GLOBAL PV
INSTALLED CAPACITY

The global PV installed capacity represented 403,3 GW of
cumulative PV installations altogether, mostly grid-connected, at
the end of 2017. The IEA PVPS countries represented 348,1 GW.
The other key markets, in total 37 countries that have been
considered and are not part of the IEA PVPS Programme,
represented 55,2 additional GW.

A historical part of these 55,2 GW is located in Europe but other
countries came in recent years: UK with almost 12,7 GW, Greece
with 2,6 GW, the Czech Republic with 2,2 GW installed, Romania with
1,4 GW, Bulgaria with aimost 1 GW, Ukraine with 0,9 GW and
Slovakia close to the 0,5 GW mark. The other major countries that
accounted for the highest cumulative installations at the end of 2017
are India with more than 18 GW, Pakistan with an estimated 1,9 GW,
Taiwan with 1,7 GW, Brazil with 1,2 GW and the Philippines with
0,9 GW. Numerous countries all over the world have started to
develop PV but few have yet reached a significant development level
in terms of cumulative installed capacity at the end of 2017 outside
the ones mentioned above. According to a paper released in 2018.!

27 countries had at least 1 GW installed, 66 countries had a least
100 MW cumulative at the end of 2017 and 131 countries had
more than 10 MW.

Presently it appears that 98,95 GW represents the minimum
installed by end of 2017 with a firm level of certainty.



















































































































































































































































