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WHAT IS IEA PVPS TCP?

The International Energy Agency (IEA), founded in 1974, is an
autonomous body within the framework of the Organization
for Economic Cooperation and Development (OECD).
The Technology Collaboration Programme (TCP) was created
with a belief that the future of energy security and sustainability
starts with global collaboration. The programme is made
up of thousands of experts across government, academia,
and industry dedicated to advancing common research and the
application of specific energy technologies.

The IEA Photovoltaic Power Systems Programme (IEA PVPS)
is one of the TCP’s within the IEA and was established in 1993.
The mission of the programme is to “enhance the international
collaborative efforts which facilitate the role of photovoltaic solar
energy as a cornerstone in the transition to sustainable energy
systems.” In order to achieve this, the Programme’s participants
have undertaken a variety of joint research projects in PV power
systems applications. The overall programme is headed by an
Executive Committee, comprised of one delegate from each
country or organisation member, which designates distinct ‘Tasks,”
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that may be research projects or activity areas. This report
has been prepared under Task 1, which deals with market and
industry analysis, strategic research and facilitates the exchange
and dissemination of information arising from the overall IEA
PVPS Programme.

The IEA PVPS participating countries are Australia, Austria,
Canada, Chile, China, Denmark, Finland, France, Germany,
Israel, Italy, Japan, Korea, Malaysia, Mexico, Morocco, the
Netherlands, Norway, Portugal, South Africa, Spain, Sweden,
Switzerland, Thailand, Turkey, and the United States of
America. The European Commission, Solar Power Europe, the
Smart Electric Power Alliance (SEPA), the Solar Energy Industries
Association and the Solar Energy Research Institute of Singapore
are also members.
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REPORT SCOPE AND OBJECTIVES

The Trends report’'s 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 nontechnical 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
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prices varies, depending on the willingness of the relevant national
PV industry to provide data. This report presents the results of the
25th international survey. It provides an overview of PV power
systems applications, markets and production in the reporting
countries and elsewhere at the end of 2021 and analyses trends in
the implementation of PV power systems between 1992 and 2021.
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. 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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FOREWORD

The annual PV market reached 175 GW worldwide in 2021. While
the world was facing the second year of a pandemic and despite
the end-of-year disruptions in Asia, the photovoltaic market
continued growing. Without these drawbacks, it probably could
have reached 200 GW. This is an exceptional result: 945,7 GW of
PV power plants were producing electricity worldwide at the end of
the year, of which around 70% have been installed during the last
five years. Over the years, an increasing number of markets have
started contributing to global PV installations, and 2021 closed with
a record number of new countries installing significant numbers
of PV. The upward trend in module prices observed at the global
level at the end of 2021, related to stress on several raw materials
markets, has not affected the competitiveness and development of
the market. PV’s role in the global transition to low-carbon energy
is confirmed. 1200 TWh are produced annually by PV plants, the
equivalent of the combined annual consumption of Germany,
France, Spain, and Belgium. The PV capacity globally avoided no
less than one billion tons of CO2, equating roughly to 3% of annual
global emissions, which reached 33 Gt in 2021. PV is thus already
a key decarbonization power source.

The rapid decline in PV prices over the past years, despite the
conjectural recent price increase, has enabled PV systems to
achieve competitive prices in several countries. The possibility
of developing photovoltaic systems with limited or no financial
incentives is now an observable reality. Long-term private
contracts (PPA) and the sale of electricity on wholesale markets
have been observed in an increasing number of countries in
2021. This growing competitiveness has also boosted the share
of PV installations operating under self-consumption without any
financial support mechanism. If electricity prices should remain at
the high level experienced in 2022 in several places around the
world in 2022, especially in Europe, the question of competitiveness
would change completely: without any support scheme limitations,
the potential of the PV market seems virtually unlimited.

With this broader integration, the question of access, management,
and financing of the grid will become a key challenge.
The electrification of the transport sector, as well as storage
capacities and the production of green hydrogen, will increase the
demand for low-carbon electricity. The competitiveness also paves
the way for further integration in buildings, vehicles, infrastructure,
and cross-cutting applications with nearly every energy-consuming
sector. One of the most promising hybrid segments is called
AgriPV, which combines agriculture with energy production.
While still @ niche market at this point, AgriPV shows significant
development potential.

The social acceptance of the energy transition is a major issue and is
becoming akey subject for the development of PV. Itis multifaceted:
economic, social, societal, and environmental, but also aesthetic.
PV is @ major contributor on the road to sustainability: the nature
of the energy transformation, and the acceptance of change are
essential elements in the success of this revolution: dealing with
the number of jobs concerned, the impact on the environment and
the social aspects linked to the development of PV has become
unavoidable. Ensuring a local development of the PV industry and
improving the use of resources is part of the response to the need
for PV to be more virtuous than the energy sources that it replaces.

In 2022, photovoltaic technology has become increasingly
a source of affordable, local, and low-carbon energy. In the context
of geopalitical tensions and resource scarcity, PV could become a
stabilization element, promoting peace through reduced tensions in
energy markets while accelerating the development of the world.

Gaétan Masson
Manager Task 1
IEA PVPS Programme

Daniel Mugnier
Chair
|IEA PVPS Programme
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INTRODUCTION TO THE
CONCEPTS AND METHODOLOGY

PV TECHNOLOGY

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 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 controller (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. Wafer sizes, and thus cell sizes have
progressively increased, as it is commonly considered by industrial
actors as an easy way to improve cell and modules wattage.
Nowadays, wafer sizes range from 156,75 x 156,75 square mm
(named M2) up to 210 x 210 square mm (named M12). To this
date, there is no standard in the wafer size. Nevertheless,
M10 wafers (182 x 182 square mm) and M12 have gained a lot of
traction in the last year. In general, cells can be classified as either
wafer-based crystalline silicon c-Si (mono- and multi-crystalline),
compound semiconductor (thin-film), or organic.

Currently, ¢-Si technologies account for more than 95% of the
overall cell production. Monocrystalline PV cells, formed with
wafers manufactured using a single crystal growth method, feature
commercial efficiencies between 20% and 25% (singlejunction).
They have gained the biggest market share in recent years, over
85% of the c-Si share. Multicrystalline silicon (mc-Si) cells, also
called polycrystalline, are formed with multicrystalline wafers,
manufactured from a cast solidification process. They are still in
production due to their lower production prices. Nevertheless,
they are less efficient, with an average conversion efficiency of
around 18%-21% in mass production (single-junction).

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. -V compound semiconductor
PV cells are formed using materials such as Gallium Arsenide
(GaAs) on Germanium (Ge) substrates and have high conversion
efficiencies from 25% up to 30% (not concentrated). Due to their
high cost, they are typically used in concentrated PV (CPV) systems
with tracking systems or for space applications. 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
thanks to the reduced number of manufacturing steps from
raw materials to modules, and to reduced energy demand.
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Thin-film materials commercially used are cadmium telluride
(CdTe), and copperindium-(gallium)-diselenide (CIGS and CIS).
Amorphous (a-Si) and micromorph silicon (p-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.

Organic thin-film PV (OPV) cells use dye or organic semiconductors
as the light-harvesting active layer. This technology has created
increasing interest and research over the last few years and is
currently the fastest-advancing solar technology. Despite the low
production costs, stable products are not yet available for the
market, nevertheless development and demonstration activities
are underway. Tandem cells based on perovskites are researched
as well, with either a crystalline silicon base or a thin film base and
could hit the market sooner than pure perovskites products. In 2021,
perovskite solar cell achieved 28,0% efficiencies in silicon-based
tandem and 23,26% efficiencies in CIGS-based tandems.

Photovoltaic modules are typically rated from 290 W to 600 W,
depending on the technology and the size. Specialized products
for building integrated PV systems (BIPV) exist, sometimes with
higher nominal power due to their larger sizes. Crystalline silicon
modules consist of individual PV cells connected and encapsulated
between a transparent front, usually glass, and a backing
material, usually plastic or glass. Thin-film modules 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 9% (OPV), 10% (a-Si), 17% (CIGS
and CIS), 19% (CdTe), 25% GaAs (non-concentrated) and above
40% for some CPV modules.

A PV system consists of 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 aimed 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 (opaque or semi-transparent) glass-glass
modules and PV 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 vyield can typically be increased
by 10-20% for single axis trackers and 20-30% for double axis
trackers compared with fixed systems.

PV APPLICATIONS AND
MARKET SEGMENTS

When considering distributed PV systems, it is necessary to
distinguish  BAPV (building applied photovoltaics) and BIPV
(buildings integrated photovoltaics) systems. BAPV refers to PV
systems installed on an existing building while BIPV imposes to
replace conventional building materials by some which include PV
cells. Amongst BIPV solutions, PV tiles, or PV shingles, are typically
small, rectangular solar panels that can be installed alongside
conventional tiles or slates using a traditional racking system used
for this type of building product. BIPV products can take various
shapes, colours and be manufactured using various materials,
although a vast majority use glass on both sides. They can be
assembled in a way that they fill multiple functions usually devoted
to conventional building envelope solutions.

Bifacial PV modules collect light on both sides of the panel.
Depending on the reflection of the ground underneath the
modules (albedo), the energy production increase is estimated
to a maximum of 15% with a fixed structure, and possibly up to
30-35% with a single-axis system. Bifacial modules have a growing
competitive advantage despite higher overall installation costs.
Indeed, recent competitive projects in desert areas boosted the
market confidence in bifacial PV performance and production lines
are increasingly moving towards bifacial modules. The additional
factors affecting bifacial performance into their models are also
better understood and integrated in the downstream industry.
Bifacial PV panels have gained traction again in 2021 and are
expected to take growing market shares in the coming years for
utility-scale applications.
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Floating PV systems are mounted on a structure that floats on
a water surface and can be associated with existing grid connections
for instance in the case of dam vicinity. The development of floating
PV on man-made water areas is a solution to land scarcity in high
population density areas and can be combined with hydropower.

Agricultural PV combine crops and energy production on the same
site. The sharing of light between these two types of production
potentially allows a higher crop yield, depending on the climate and
the selection of the crop variety and can even be mutually beneficial
in some cases, as the water which evaporates from the crops can
contribute to a reduction of PV modules operating temperature.

PV thermal hybrid solar installations (PVT) combine a solar module
with a solar thermal collector, thereby converting sunlight into
electricity and capturing the remaining waste heat from the PV
module to produce hot water or feed the central heating system.
It also allows to reduce the operating temperature of the modules,
which benefits the global performances of the system.

VIPV or vehicle integrated PV. The integration of solar cells into
the shell of the vehicles allow for emissions reductions in the
mobility sector. The solar cell technological developments allow
to meet both aesthetic expectations for car design and technical
requirements such as lightweight and resistance to load. VAPV
relates to the use of PV modules on vehicles without integration.

Various Solar Home Sytems (SHS) or pico PV systems have
experienced significant development in the last few vyears,
combining the use of efficient lights (mostly LEDs) with charge
controllers and 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.

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
0f 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),
they offer better partial shading management and installation
flexibility. Similarly, micro-inverters, connected to up to four panels
also exist, despite their higher initial cost, they present some
advantages where array sizes are small and maximal performance
is to be achieved.

Grid-connected distributed PV systems are installed to provide
power to a grid-connected customer or directly to the electricity
network, more specifically the distribution network. 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.

Grid-connected centralized PV systems perform the functions
of centralized power stations. The power supplied by such a
system is physically not associated with an 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.

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 to provide a reliable and
cost-effective power source in remote places such as for telecom
base stations. Large-scale hybrids can be used for large cities
powered today by diesel generators and have been seen, for
instance in central Africa, often in combination with battery storage.
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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.
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.

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 a requirement for AC electricity,
a “stand-alone inverter” can supply conventional AC appliances.

Off-grid domestic systems provide electricity to households and
villages that are not connected to the utility electricity network.
They provide electricity for lighting, refrigeration and other low
power loads, have been installed worldwide and are increasingly
the most competitive technology to meet the energy demands
of off-grid communities.

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.

METHODOLOGY FOR THE MAIN PV
MARKET DEVELOPMENT INDICATORS

This report counts all PV 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, to calculate the most precise installation numbers
every year. Global data should be considered as indications rather
than exact statistics. Data from countries outside of the [EA PVPS
network have been obtained through different sources, some of
them based on trade statistics.

Asanincreasing share of the globalinstalled PV capacity is attaining
a certain lifetime - the very first waves of installations dating back
to the nineties - performance losses and decommissioning must be
considered to calculate the PV capacity and PV production.

For this report, the PV penetration was estimated with the most
recent global data about the PV installed capacity, the average
theoretical PV production and the electricity demand based.
In general, PV penetration is amongst one of the best indicators
to reflect the market dynamics in a specific country or region.
If a global PV penetration level does not reflect the regional
disparities, it gives an indication about the ability of the technology
to keep up with the global demand growth. Hence, regarding
climate goals for instance, the PV penetration is a better indicator
than the absolute market growth.



PV MARKET DEVELOPMENT TRENDS

Since the early beginnings of the PV market development, over
945,4 GW of PV plants have been installed globally, of which
around 70% has been installed in the past five years. Over the
years, a growing number of markets have started to contribute
to global PV installations, and the year 2021 closed with a record
number of new countries installing significant PV numbers.

A large majority of PV installations are grid-connected and include
an inverter which converts the variable direct current (DC) output
of solar modules into alternating current (AC) to be injected
into the electrical grid. PV installation data is reported in DC by
default in this report (see also Chapter 1). When countries are
reporting officially in AC, this report converts in DC to maintain
coherency. When official reporting is in AC, announced capacities
are mentioned as MWac or MWdc in this report. By default,
MW implies capacities mentioned in DC.

For more information on registering PV installations, download the
IEA PVPS report on registering PV installations published recently.

Download the
“data Model for PV
System” reports:

Photo by Di

1<INREL 55200

THE GLOBAL PV
INSTALLED CAPACITY

Global PV installed capacity cw)

+22% YoY growth

At the end of 2021, the global PV installed capacity represented
945,4 GW of cumulative PV installations.

Presently it appears that 173,5 GW represented the minimum
capacity installed during 2021 with a reasonably firm level of
certainty. This levelis the highest ever recorded for PV installations,
despite the pandemic related perturbations which have delayed
market development in several countries. The real impact of the
pandemic is difficult to estimate, since the delays observed in the
first part of the year were sometimes compensated in the second
part. However, it seems reasonable that many projects might
have been delayed. In addition, prices increased and logistic issues
possibly reduced the installations in the last part of the year 2021.
Hence the market results could have probably been even higher,
reflecting the sector mood.

The group of IEA PVPS countries represented 753 GW of the global
installed capacity. The IEA PVPS participating countries in 2021
are Australia, Austria, Belgium, Canada, Chile, China, Denmark,
Finland, France, Germany, Israel, Italy, Japan, Korea, Malaysia,
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Mexico, Morocco, the Netherlands, Norway, Portugal, South
Africa, Spain, Sweden, Switzerland, Thailand, Turkey, and the
United States of America.

The other key markets that have been considered and which are not
part of the IEA PVPS Programme, represented a total cumulative
capacity of 154,3 GW at the end of 2021. Amongst them, India
covered around one third of that capacity with 61 GW. Vietnam
reached 18,4 GW after three years of important PV development
(in particular over 11 GW installed in 2020). The remaining
part of PV capacities is mainly located in Europe, and partly
related to historical installations as well as to the contribution
of emerging markets: UK with 14,6 GW, Poland with 7,7 GW,

- EVOLUTION OF CUMULATIVE PV INSTALLATIONS
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Ukraine with over 6 GW, Greece with 5 GW, the Czech Republic
with 2,0 GW installed, Romania with 1,6 GW, and Bulgaria
almost 1,3 GW. The other major countries that accounted for the
highest cumulative installations at the end of 2021 and that are
not part of the IEA PVPS programme are: Brazil with 13,7 GW,
and Taiwan with 7,7 GW. Numerous countries all over the world
have started to deploy PV, but few have yet reached a significant
development level in terms of cumulative installed capacity outside
the ones mentioned above. New developments occurred in Africa
(Egypt, South Africa) and in the Middle East (UAE) which led to
GW-scale installation levels: 4,6 GW in South Africa, 3,5 GW in the
UAE and 3,4 in Egypt for instance.

945,4

7718
626,4 ‘

m IEA PVPS countries

Other countries

2011 2012 2013 2014 2015 2016 2017

PV PENETRATION PER CAPITA

In just a few years, Australia has reached the highest installed PV
capacity perinhabitant with 1011 W/cap in IEA-PVPS and surveyed
countries. The Netherlands is second with 818 W/cap. Germany
comes next with 718 W/cap followed by Japan with 622 W/cap
and Belgium with 620 W/cap. Switzerland and Korea nearly
tied at the 6th place with respectively 422 W/cap and 416 W/cap.
Denmark (399 W/cap) and Spain (396 W/cap) come next. Italy
and the USA are closing the top 10 (@mong IEA PVPS countries)
with 374 and 371 W/cap.

2018

2019 2020 2021

SOURCE IEA PVPS & OTHERS

As a comparison, 500 W represents the power of a large PV
module, one can say that in some countries one module per person
have been installed.

Australia has reached the

highest installed PV capacity per
inhabitant with 1 011 W/cap.
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FIGURE 2.2: PV PENETRATION PER CAPITA IN 2021
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FIGURE 2.3: EVOLUTION OF ANNUAL PV INSTALLATIONS
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THE GLOBAL PV INSTALLED CAPACITY / continuen

The IEA PVPS countries installed at least 129 GW in 2021.
While they are more difficult to track with a high level of certainty,
installations in non-IEA PVPS countries contributed an estimated
amount of 44 GW. The noteworthy trend of 2021 is the important
year on year growth for the second year in a row, of the global PV
market despite the supply chain turmoil which could have paused
or delayed market development in some countries. As in 2020, the
rise of emerging markets in addition to the growth of key markets
contributed to this market growth in 2021.

For the ninth year in a row, China was in the first place and
installed almost 55 GW in 2021, according to China’s National
Energy Administration; an installation level that surpassed the
level reached in the country in 2017 (52,8 GW). The total installed
capacity in China reached 308,5 GW, and by that the country kept
its market leader position in terms of total installed capacity. The
Chinese market represented 31% of the global installation in 2021.

Annual PV installations Gw)

+19% YoY growth

Second was the European Union, which experienced growth
for the third year in a row with 28,7 GW, which exceeds the
23,2 GW recorded in 2011. Germany (5,8 GW) and Spain (4,9 GW)
were the key markets this year followed by Poland (3,7 GW),
the Netherlands (3,6 GW) and France (3,4 GW) and several others.

Third was the United States with 26,9 GW installed, marking a
significant growth again compared to the previous year making
2021 the largest single year increase in installations in the U.S.
Both the utility sector installations and the residential market
increased over 2020 installation levels. At the end of 2021, the U.S.
reached 123 GW of cumulative installed capacity.

India was in fourth place with 13,7 GW installed, bringing back the
annual market to levels close to those observed in 2017, 2018 and
2019. The official number has been recalculated based on official
AC data using IEA PVPS assumptions on AC-DC ratio.

The market in Japan contracted slightly with 6,6 GW in 2021,
its lowest level since 2012.

- EVOLUTION OF MARKET SHARE OF TOP COUNTRIES
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Together, these five leading individual or block of countries
represented around 75% of all installations recorded in 2021,
the same level as in 2020. In terms of cumulative installed capacity,
these countries represent 76% of the global capacity. This shows
that the global PV market concentration is again increasing, with
new markets contributing proportionally less to global installation
numbers than established ones.

Behindthetop 5, Brazil installed 5,7 GW leading to a cumulative market
of 13,7 GW in 2021. After years of limited PV market development,
Brazil appears now as one of the key global players, demonstrating
its much higher potential than the levels reached until now.

Australia installed 4,9 GW in 2021, a stable level since 2018 and
atremendous level given the country’s population. For several years
the country has been experiencing a boom in utility-scale applications
together with a robust demand for distributed PV systems. The total
installed PV capacity reached 26 GW at the end of 2021.

Korea installed 4,2 GW in 2021 with an important share of
utility-scale plants, a slight decrease compared to 2020 when the
highest level of installations ever in the country was recorded.
Korea is one key industrial actor in the PV sector, with several key
players such as Hanwha and OCI.

Chile’s position in the top 10 countries for PV installations comes
from 2,7 GW installed in 2021, marking a tremendous boom in PV
market development in the country.

In the tenth position comes Vietnam where PV installations
significantly decreased after the massive growth observed in 2020.
In total around 2 GW were installed.

- EVOLUTION OF TOP 10 MARKETS

‘n

Together, these 10 markets cover around 76% of the 2021 annual
world market, a sign that the growth of the global PV market has
been driven by a limited number of countries again, and this even
if the remaining markets are starting to contribute more significantly.
Market concentration has been fuelling fears for the market’s stability
in the past, if one of the top three or top five markets would experience
a slowdown. As shown in Figure 2.4, the market concentration steadily
decreased in 2019 before growing again in 2020 and stabilising in 2021,
mostly due to the growth of the Chinese PV market. As new markets are
starting to emerge, the versatility of the global PV market minus China
reduces, and therefore the risks. However, the size of the Chinese PV
market continues to shape the evolution of the PV market as a whole.
As we have seen in 2019, the global growth was limited due to the
decline of the first market, which almost wiped out the global growth,
while in 2021, China’s installations maximized the global growth.

The level of installations required to be included in the top 10
(country wise) has increased steadily since 2014: from 0,78 GW to
1,6 GW in 2018, and around 3,5 GW in 2020 and 2021. This reflects
the global growth trend of the solar PV market, but alsoiits variations
from one year to another.

Considering the European Union (a member of the IEA
PVPS) as one entity rather than a collection of markets
is an editorial choice of the writers. Considering the

European PV Markets separately, Germany would rank
fifth, Spain eighth and Poland tenth. This doesn’t change
the general conclusions of this chapter; the ten first
countries would cover 76% of the global PV market.

RANKING 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
1 ITALY GERMANY CHINA CHINA CHINA CHINA CHINA CHINA CHINA CHINA CHINA
2 GERMANY ITALY USA INDIA INDIA USA USA USA
3 CHINA CHINA USA USA USA USA USA INDIA VIETNAM INDIA
4 USA USA GERMANY UK UK INDIA
5 FRANCE ITALY GERMANY INDIA UK TURKEY AUSTRALIA = VIETNAM GERMANY @ GERMANY
6 FRANCE UK SOUTHAFRICA GERMANY GERMANY GERMANY TURKEY AUSTRALIA | AUSTRALIA BRAZIL
7 BELGIUM  AUSTRALIA  ROMANIA FRANCE THAILAND GERMANY SPAIN AUSTRALIA
8 UK INDIA INDIA AUSTRALIA AUSTRALIA MEXICO GERMANY INDIA SPAIN
9 AUSTRALIA GREECE GREECE AUSTRALIA FRANCE : AUSTRALIA BRAZIL UKRAINE SPAIN
10 GREECE BULGARIA AUSTRALIA INDIA CANADA TURKEY UK NETHERLANDS NETHERLANDS POLAND
EGNKING 1 1 2 3 3 4 5 4 2 2 2
MARKET LEVEL TO ACCESS THE TOP 10
426 MW 843 MW 792 MW 779 MW 675 MW 818 MW 944 MW 1621 MW 3130 MW 3492 MW 3710 MW
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THE GLOBAL PV INSTALLED CAPACITY / contiuen

As detailed above, the IEA PVPS choice consists in
reporting DC capacities. An estimate of AC capacities
would put the new installed capacities number around
129 GW in 2021. This number (in the same way as
the DC number) is an approximation of the reality

and represents an estimated value of the maximum
power that all PV systems globally could generate
instantaneously, assuming they would all produce at
the same time. This number is indicative and should
in no case be used for energy production calculation.

Other countries that installed several GW in the last years or were
found in the top 10 countries, didn’t succeed in maintaining a
sufficiently high level of installations to stay in the rankings: Mexico,
Turkey, France and many other countries. The versatility of the
markets is a feature of the PV industry that, from its inception,
had to deal with changes in policies and therefore in market
development. This is levelizing progressively with PV reaching
competitiveness faster than many expected.

After having reached GW-scale installations in 2019 and 2020,
PV deployment declined in Egypt in 2021, with 300 MW installed.
In the UAE, almost 700 MW came online in 2021 through
large-scale tenders, amongst the most competitive globally.
Self-consumption policies didn't contribute much but could
represent a complementary driver in the near future. Mexico’s
annual installations maintained their 2020 level with 1,6 GW in
2021, in a complex policy environment, which might put the brakes
on its market in the coming years.

: GLOBAL PV MARKET IN 2021

POLAND, 2,14%
SOUTH KOREA, 2,44%
SPAIN, 2,82%

AUSTRALIA, 2,85%
OTHER COUNTRIES, 24,37%

BRAZIL, 3,29%
GERMANY, 3,32%
JAPAN, 3,77%

INDIA, 7,87%

USA, 15,49% CHINA, 31,64%

SOURCE IEA PVPS, RTS CORPORATION

Other countries reached significant installation levels in 2021:
Around 3,7 GW of PV installations were added in Poland in 2021,
mostly as small distributed installations. 3,6 GW were installed in
the Netherlands, 3,4 GW in France marking a significant growth
compared to previous year and also 1,9 GW in Taiwan, 1,5 GW
in Turkey and 1,2 GW in Greece.

Other countries that installed significant amounts of PV but below
the GW mark, were Israel (940 MW), ltaly (944 MW), Belgium
(850 MW), Hungary (800 MW), Austria (740 MW), the UK
(730 MW) and Denmark (720 MW). The market uptake in the
European Union makes it the second largest market globally.

The total installed capacity in most surveyed countries takes
decommissioning of PV plants into account. While such numbers
remain relatively limited for the time being, they start to impact
numbers at a very low level, which can lead to discrepancies
in national statistics of several IEA PVPS countries. Off-grid
numbers are difficult to track and most numbers are estimates.
Changes (including repowering) and decommissioning are higher
for these applications than in other segments and can lead to
numerical glitches. In this report, global annual installations and the
cumulative capacity are computed based on a variety of sources
and could, despites all efforts, differ from other publications.
The development in many non-IEA countries is an estimate,
due to the lack of official statistics in numerous countries.

- CUMULATIVE PV CAPACITY END 2021

VIETNAM, 1,95%
SPAIN, 1,96%
SOUTH KOREA, 2,28%

ITALY, 2,39%
AUSTRALIA, 2,75%

OTHER COUNTRIES, 21,99%

GERMANY, 6,31%

INDIA, 6,45%

JAPAN, 8,29%

USA, 13,01% CHINA, 32,62%

SOURCE IEA PVPS, RTS CORPORATION
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FIGURE 2.7: EVOLUTION OF REGIONAL PV INSTALLATIONS
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FIGURE 2.8:2018-2021 GROWTH PER REGION
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PV MARKET SEGMENTS

Solar PV experienced another growth year mainly driven by
utility-scale projects which continued to develop fast both in
established markets and in countries which only appeared recently
on the PV development map. Although the role of distributed
generation should not be underestimated, utility-scale PV is likely
to keep dominating electricity generation in many countries.
The main reason is that economies of scale outweigh the savings in
transmission costs and the self-consumption possibilities brought
by embedded installations.

Ground mounted utility-scale PV installations increased in 2021
with more than 95 GW, compared to 86 GW in 2020 and 71 GW in
2019. However, the share of utility-scale still represented around
55% of cumulative installed capacity because distributed PV also
grew significantly, up to 78 GW in 2021 compared to 59 GW in
2020. Off-grid and edge-of-the-grid applications are increasingly
integrated in these two large categories.

UTILITY-SCALE PV: THE PV MARKET DRIVING FORCE

Utility-scale PV plants are in general ground-mounted
(or floating) installations. In some cases, they could be used for
self-consumption when close to large consumption centres or
industries, but generally they feed electricity directly into the grid.

: TOP 10 COUNTRIES FOR CENTRALIZED PV
INSTALLED IN 2021

COUNTRY GW
CHINA 25,60
USA 20,26
INDIA 11,62
SOUTH KOREA 4,00
SPAIN 3,50
JAPAN 2,99
NETHERLANDS 2,35
FRANCE 2,22
GERMANY 2,01
AUSTRALIA 1,71

SOURCE IEA PVPS

Due to the simplicity of setting up policies to develop them, with or
without tenders, utility-scale applications are thriving in new PV
markets. More countries are proposing tendering processes to
select the most competitive projects. Merchant PV, where PV
electricity is directly sold to electricity markets or (C-)PPAs, where
itis directly sold to (corporate) consumers is experiencing growth in
numerous countries, but this market driver remains limited so far.

One of the key trends of 2021 is the wider development
of utility-scale plants without financial incentives (on wholesale
electricity markets or from private customers). Such development
is mostly independent from financial incentives and therefore policy
decisions, which makes its potential virtually unlimited. Limitations
are already seen due to grid congestion in some places: this has
modified the tendering approaches which might lead to bidding at
the lowest possible cost to secure a grid connection. This has been
seen in Portugal for instance.

New utility-scale PV plants are increasingly using trackers to
maximise production and in parallel, the use of bifacial PV modules
increases relatively fast as well. The addition of storage systems also
becomes a trend in some countries, either pushed by specific rules in
tenders or by the willingness to better serve the wholesale and grid
services markets. In 2021, utility-scale plants amounted to 95 GW
globally and the total installed capacity for all of these applications
amounted to 534 GW; or 56% of the cumulative installed capacity.

: TOP 10 COUNTRIES FOR CUMULATIVE
CENTRALIZED PV INSTALLED CAPACITY IN 2021

COUNTRY GW
CHINA 199,94
USA 80,33
INDIA 52,90
JAPAN 30,12
SOUTH KOREA 18,91
SPAIN 15,23
GERMANY 11,10
AUSTRALIA 9,00
NETHERLANDS 8,49
UK 8,35

SOURCE IEA PVPS
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CENTRALIZED PV INSTALLED CAPACITY PER
REGION 2021
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PROSUMERS, EMPOWERING CONSUMERS

Prosumers are consumers producing part of their
electricity consumption.

own

Historically driven by simple financial incentives such as
net-metering, prosumers segments increasingly develop thanks
to various schemes based on the concept of self-consumption.
Indeed, the new generation of solar schemes is often making the
distinction between the electricity consumed and the electricity
injected into the grid, thereby incentivizing self-consumption.

An important factor in the success of self-consumption schemes is
the retail electricity price which is still being maintained artificially
low in some countries. Subsidies for fossil fuels are still a reality and
reduce the attractiveness of solar PV installations, also in market
segments involving self-consumption. Conversely, the PV market
tends to grow quickly when electricity prices increase. Overall,
there is a trend toward self-consumption of PV electricity in most of
countries, often with adequate regulations offering a value for the
excess electricity. This can be done with a FiT, a feed-in-premium
added to the spot market price or more complex net-billing.
Unfortunately, the move towards pure self-consumption schemes
can create temporary market slowdowns, especially if the transition
is abrupt. However, if the market conditions are favourable and
the market regains confidence, self-consumption can become
a market driver.

: CENTRALIZED PV CUMULATIVE INSTALLED
CAPACITY PER REGION 2021
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The distributed market has been oscillating around 16-19 GW
from 2011 to 2016, until China succeeded in developing its own
distributed market: it allowed the distributed PV market to grow
significantly to more than 36 GW globally in 2017 to 78 GW in 2021.

Several  countries promote  collective and  distributed
self-consumption as a new model for residential and commercial
electricity customers. This model allows different consumers
located in the same building or private area (collective self-
consumption), or in the same geographical area which requires
to use the public grid (distributed or virtual or delocalized
self-consumption), to share the self-generated electricity,
thereby unlocking access to self-consumption for a wide range
of consumers. Such regulation, if well implemented, will allow
development of new business models for prosumers, creating jobs
and local added value while reducing the price of electricity for
consumers and energy communities. These models of production
could also positively impact grid integration of PV systems by
enhancing adequacy between production and demand. In the case
of “virtual (or distributed) self-consumption”, the prosumers are
not grouped behind a meter. We will call “virtual (or distributed
or delocalized) self-consumption”, the case where production
and consumption can be compensated at a certain distance,
while paying a fair share to cover the grid costs.
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PV MARKET SEGMENTS / continuen

TABLE 2.4: TOP 10 COUNTRIES FOR DISTRIBUTED PV
INSTALLED IN 2021

TABLE 2.5: TOP 10 COUNTRIES FOR CUMULATIVE
DISTRIBUTED PV INSTALLED CAPACITY IN 2021

COUNTRY GW COUNTRY GW
CH'NA .............................................................................. 2928 CH‘NA .............................................................................. 10822 ..........................
USA 6,62 GERMANY 48,56
BRAZIL 4,16 JAPAN 48,11
GERMANY 3,75 USA 42,68
JAPAN 3,55 AUSTRALIA 16,68
AUSTRALIA 3,20 ITALY 14,55
POLAND 2,90 VIETNAM 10,46
INDIA 2,04 TURKEY 9,73
TAIWAN 1,59 BRAZIL 9,08
SPAIN 1,40 FRANCE 8,70

FIGURE 2.11: DISTRIBUTED PV INSTALLED CAPACITY
PER REGION 2021
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FIGURE 2.12: DISTRIBUTED PV CUMULATIVE INSTALLED
CAPACITY PER REGION 2021
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EMERGING PV MARKET SEGMENTS

Globally, centralized PV continued to represent 56% of the
market in 2021, mainly driven by China, the USA, and emerging
PV markets. In the same trend as in previous years, 2021 saw
again some new records in terms of PV electricity prices through
extremely competitive tenders. Although renewed competitive

tenders contributed to the utility-scale market, distributed PV
also increased significantly in 2021, with around 78 GW installed;
with 29,3 GW from China alone. Remarkably, the distributed
segment took off in the Middle East due to adequate policies in
Israel and Jordan.

FIGURE 2.13: ANNUAL SHARE OF CENTRALIZED AND DISTRIBUTED GRID-CONNECTED INSTALLATIONS 2011 — 2021
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FIGURE 2.14: CUMULATIVE SHARE OF GRID CONNECTED PV INSTALLATIONS 2011 — 2021
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EMERGING PV MARKET SEGMENTS / continuen

With the exception of the European market which incentivized
residential segments from the start, initially most of the major
PV developments in emerging PV markets are coming from
utility-scale PV. This evolution had different causes. Utility-scale
PV requires developers and financing institutions to set up plants
in a relatively short time. This option allows the start of using PV
electricity in a country faster than what distributed PV requires.
Moreover, tenders are making PV electricity even more attractive
in some regions. However, both trends are compatible as some
policies were implemented recently in emerging markets to
incentivize rooftop installations and tenders for rooftop installations
are being organized in several historical markets.

FLOATING PV: A GROWING MARKET SEGMENT

The installed capacity of Floating PV (FPV) systems worldwide has
surpassed 3 GWp in 2021, according to data from the Solar Energy
Research Institute of Singapore (SERIS) at the National University
of Singapore (NUS). SERIS maintains a global database of close
to 700 projects in operation and more than 300 projects under
planning, development, or construction.

Apart from some installations in Europe, especially in the
Netherlands, France, and the UK, Floating Solar is so far mostly
located in Asia with more than 85% deployed in East and South-East
Asia. In densely populated areas the proximity of water bodies to
load centers is often an advantage. Traditional land-based solar
systems face either competing uses with industrial, or agricultural
activities or may not be economically viable due to high cost of
land. This is also why Japan was one of the early adopters of
Floating PV and still has the highest number of FPV projects (~200).
Floating PV is even possible in city states such as Singapore, which
inaugurated a 60 MWp FPV plant in June 2021 and has called for
a study for another 140 MWp. The highest installed FPV capacity
to-date is deployed in China (a total of 1,3 GWp) where developers
largely took advantage of water bodies that were created when
former coal mines filled-up with ground water. These so-called
subsidence areas are almost ideal as they are considered as
unstable territories (hence not suitable for industrial or agricultural
activities) and often have little bioactivities (leading to minimal
environmental impacts).

Another great opportunity for Floating Solar is the combination
with existing hydropower dams. This is even more so when
conjointly operating the solar and hydro power generation
(rather than pure colocation of the FPV plant on the reservair).
Apart from the diurnal cycle (i.e., generating solar power during
the day and saving water for hydropower generation at night),

20

there is also a possible seasonal benefit in areas with dry and
wet seasons. Depending on the turbines and their reaction times,
it is also possible to cloud some of the short-term variability from
solar (due to could movements) and hence use the reservoirs as
a “giant battery”. Many of the announced Floating Solar projects
are on hydropower reservoirs, for example in Thailand (3,5 GWp),
Korea (2,1 GWp) and Laos (1,2 GWp).

Another area of increasing interest are near-shore and off-shore
marine floating PV projects. Such projects will see additional
challenges but also almost endless opportunities. The challenges
are the much more demanding environments, where tidal
currents, richer marine life, wind, waves and the presence of salt
water all need to be considered. But the opportunities in near-
shore areas alone are enormous: significant unused space can be
activated for energy harvesting close to load centers in coastal
settlements and harbours. Going further off-shore aggravates the
challenges and cost but still has possible applications, especially for
powering oil & gas platforms or for utilising the vast ocean spaces
between the towers in off-shore wind farms. In those cases, the
FPV project would take advantage of the existing transmission
infrastructure and also of the fact that solar and wind generation
are often complementary in their resource availability. The first
such testbeds are being set up in the Netherlands and Belgium.

In terms of floating structures, the vast majority of the FPV
installations in operation use HDPE plastic floats, for which Ciel
& Terre and Sungrow together have more than 50% market share.
There is an increasing number of players, however, which follow
different designs, ranging from a combination of floats and metal
structures (e.g. Zimmermann) to membranes that are held in place
by large plastic rings (e.g. Ocean Sun). For off-shore applications,
more robust designs are being test-bedded, for example by
Oceans of Energy or SolarDuck.

AGRI-PV: DUAL USE IS EXPECTED TO EMERGE FAST

The development of PV on agricultural land had existed since
the beginning of utility-scale PV but, in some cases, crops have
been replaced by photovoltaics and thus the use land was mostly
shifted from agriculture towards electricity production. Agri-PV
proposes a different perspective with the possibility to use land
for both purpose: food and energy production. With higher PV
penetration rates, competition for land can limit PV development in
a certain number of countries. Dual use of land is an option deeply
investigated around the world to address this topic.
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PV potential on agricultural land and how it can contribute to
achieving renewable energy targets have been highlighted in
some regions, and interest but also reluctance increased. On one
hand the agri-PV market potential is unsurpassed. An example of
the potential relative weight of this segment, in Japan a mapping
of all agricultural land suitable for PV concluded that just 10% could
hold 440 GW of PV, while 6,5 GW have been installed in 2021 for
all the segments reaching 78,2 GW cumulative installed capacity.
South Korea’s perspective of agri-PV development is 10 GW in
2030, which is half of the cumulative installed capacity at the end of
2021 (21,5 GW). In France, between 5 and 10 GW could be installed
using 0,1% of the agricultural land (agricultural land covers half of
the French territory) while annual installations achieved 3,4 GW
in 2021. The potential of 1% of the European Union’s agricultural
lands had been calculated at 410 GW while 29,3 GW were installed
in the European Union installed in 2021.

Even if PV potential is huge, other strong considerations must be
taken into account. Food production security and sufficiency are
the first priority. The various crises in 2020 and 2021 highlighted
how crucial these aspects are. The agricultural sector’s economic
balance, environmental evaluation, social acceptance and water
management must be assessed and shape future regulations to
ensure sustainable development. Following pioneer countries such
as Japan, where “solar sharing” has been defined since 2003,
and refers to PV installation above 2 m where 80% of agricultural
yields are maintained, France, Germany and Italy have published
frameworks or guidelines in 2022.

Cross-sectorial groups have been working on frameworks. Defining
“agrivoltaic”, or “agrovoltaic”, “agri-PV” is challenging but a trend is
clear: not every PV installation set up in an agricultural environment
is considered an agrivoltaic installation, and most existing plants on
agricultural land could hardly qualify as such. Along the publications
of the different frameworks and support mechanisms, in most

countries agriPV or PV in agricultural land is segmented:

* PV systems above the crops or plants. The system allows raising
different kinds of crops with reduced solar insolation, allowing
better development in sunny regions, and possibly new business
models - such as recovery of damaged crops for instance -
or growing different crops that would not have been profitable in
some regions. This dual use imposes a different kind of PV systems,
which can in some cases change their position, from horizontal
to vertical and be designed either to maximize PV production or
maximize crop production depending on the weather conditions.
Tracking systems are not the only component that can help
maintain or enhance agricultural production which is a prerequisite
to be labelled as agri-PV. Agricultural production profitability
must dominate, and energy production is an added value.

e (Crops, grassland, animal husbandry between PV systems.
The systems must enable the land to maintain its agricultural
purpose. The space between the rows or the heights is adapted.
These systems are economically performant and cost effective.
Energetic production dominates but agricultural production
must be maintained.

System costs and profitability vary depending on the importance
given to agricultural production compared to energy production.
Support mechanisms and financial aid intensity can also vary
accordingly. PV systems falling under the most restrictive definition
of agri-PV typically receive higher incentives or, in some countries,
are even the only type of PV plant allowed to be developed in
agricultural areas.

For now, agriPV is still an emerging market. Japan has seen more
than 1 800 agriPV farms realised, most of them are small systems.
Between 2013 and 2018, approximately 150 MW were installed,
and between 500 to 600 MW in 2021. China has also an important
capacity installed but this segment doesn’t appear to be monitored
separately. Italy announced a major funding package support
for 2 GW, including the so-called agriPV on roofs of rural areas.
Specific calls for tender have been set for agri-PV in numerous
countries: in France for around 300 MW, in Germany for 150 MW,
in Israel for 100 MW, and in the Netherlands for 45 MW.

BIPV: WAITING FOR THE UPTAKE

The BIPV market remains a niche which is difficult to estimate.
With multiple business models, different incentives, many kinds
of buildings and infrastructures (including roads), from tiles and
shingles for residential roofs to glass curtain walls and more exotic
fagade elements in case of commercial buildings, BIPV covers
different segments with a large variety of products. Depending on
the definition considered, the BIPV market ranged from 200 MW
to 400 MW per year in Europe last year and probably reached
1 GW globally. Indeed, the differences between custom-made
elements and traditional glass-glass modules can be difficult to
assess. In that respect, simplified BIPV, using conventional PV
modules with dedicated mounting structures, experienced positive
developments in numerous EU countries in 2021, and is leading
the BIPV market. The market is also split between some industrial
products such as prefabricated tiles (found in the USA and multiple
European countries for instance), to custom-made architectural
products fabricated on demand.
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OFF-GRID MARKET DEVELOPMENT

Numbers for off-grid applications are generally not tracked
with the same level of accuracy as grid-connected applications.
The off-grid and edge-of-the-grid market can hardly be compared
to the grid-connected market because the rapid deployment of
grid-connected PV dwarfed the off-grid market. Nevertheless,
off-grid applications are developing more rapidly than in the past,
mainly thanks to rural electrification programs essentially in Asia
and Africa but also in Latin America.

In some countries in Asia and in Africa, off-grid systems with
back-up represent an alternative to bringing the grid into remote
areas or as an anticipation of grid connection. Two types of off-grid
systems can be distinguished:

* Mini-grids, also termed as isolated grids, involve small-scale
electricity generation with a capacity between 10 kW and
10 MW. This grid uses one or more renewable energy sources
(solar, hydro, wind, biomass) to generate electricity and serves
a limited number of consumers in isolation from national
electricity transmission network. Back-up power can be
batteries and/or diesel generators.

» Stand-alone systems, for instance solar home systems (SHS)
that are not connected to a central power distribution system
and supply power for individual appliances, households or small
(production) business. Batteries are also used to extend the
duration of energy use.

This trend is specific to countries that have enough solar resources
throughout the year to make a PV system viable. In such countries,
PV has been deployed to power off-grid cities and villages or for
agricultural purposes such as water pumping installations.

PV increasingly represents a competitive alternative to providing
electricity in areas where traditional grids have not yet been
deployed. In the same way as mobile phones are connecting
people without the traditional lines, PV is expected to leapfrog
complex and costly grid infrastructure, especially to reach the
“last miles”. The challenge of providing electricity for lighting
and communication, including access to the internet, will see
the progress of PV as one of the most reliable and promising
sources of electricity in developing countries in the coming years.
Specific business models are developed in Africa for instance and
large energy groups such as Engie Energy access for instance are
targeting millions of people with such products.

In most developed countries in Europe, Asia or the Americas,
this trend remains unseen, and the future development of off-grid
applications will most probably only be seen on remote islands.
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PV DEVELOPMENT PER REGION

The early PV developments started with the introduction of
incentives in Europe, particularly in Germany, and caused a major
market uptake in Europe that peaked in 2008. While the global
market size grew from around 200 MW in 2000 to around 1 GW
in 2004, the market started to grow very fast, thanks to European
markets in 2004. In 2008, Spain fuelled market development while
Europe as a whole accounted for more than 80% of the global
market: a performance repeated until 2010. From around 1 GW in
2004, the market doubled in 2007 and reached 8 GW and 17 GW
in 2009 and 2010.

From 2011 onward, the share of Asia and the Americas started
to grow rapidly, with Asia taking the lead. This evolution is quite
visible and still true today, with the share of the Asia-Pacific region
stabilizing around 54% in 2021. Since then, Asia continues to lead
PV development, with the other regions following.

Detailed information about most IEA PVPS countries
can be found in the yearly National Survey Reports and

the Annual Report of the programme. IEA PVPS Task 1
representatives can be contacted for more information
about their own individual countries.

- ANNUAL GRID-CONNECTED CENTRALIZED
AND DISTRIBUTED PV INSTALLATIONS BY REGION IN 2021
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THE AMERICAS

The Americas represented 40 GW of installations and a total
cumulative capacity of 164 GW in 2021. Whilst most of these
capacities are installed in the USA, several countries have started
to install PV in the central and southern countries of the continent:
first in Chile and Honduras and more recently in Mexico and Brazil.

PV is developing in the Americas mostly through tenders except
in the USA. Distributed applications start to develop in several
countries. Next to the USA market that dominates by far, instability
has characterized the development of PV in most American
countries in the last years, with stop-and-go policies in Canada,
Honduras or Mexico for instance. The market was dynamic in
2021 in Chile and Brazil, to mention these two, with prospects
for development in several central American countries, such as
Costa Rica, Guatemala and more.

Outside of the IEA PVPS membership, Brazil remains the
most important market: it finished the year 2021 with 13,7 GW

‘%

of cumulative PV installed capacity with most of the newly installed
capacity coming from distributed generation. PV installations in Chile
grew in 2021 reaching a cumulative installed capacity of 6,2 GW.

In other countries, such as Argentina, development is starting
to take off, with around 960 MW cumulative installed capacity
in the country at the end of 2021 and 200 MW installed in 2021.
Other multi-MW installations have been reported in Peru in recent
years, in Honduras or in Colombia.

Several other countries in Central and Latin America have put
support schemes in place for PV electricity, and an increasing
number of power plants are connected to the grid mainly in
Dominican Republic, Ecuador and El Salvador, closely followed by
Uruguay and Panama which could indicate that the time has come
for PV in the Americas. In countries with a high hydroelectricity
contribution to the electricity mix, such as Venezuela, PV could
become an alternative to the variable production due to changes
in rain patterns.

: EVOLUTION OF PV INSTALLATIONS IN THE AMERICAS PER SEGMENT
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ASIA-PACIFIC

The Asia-Pacific region installed close to 93 GW in 2021 and the
total installed capacity reached more than 540 GW. The market was
dynamic in all parts of Asia, (in India as well this year compared
to 2020), and significant growth was recorded. In 2021 the region
represented 57% of the global PV installations.

As the most populated continent, Asia was poised to become the
largest PV market globally and this happened relatively fast. Apart
from the dynamism of China and Japan for several years now,
Asia is home to several IEA-PVPS additional GW-scale markets:
Australia, Korea, and also Thailand. The size of the Chinese PV
market makes it a dominant player in the Asian and global PV
markets, while all other markets are lagging.

Outside of the IEA-PVPS network, the largest market in terms
of installations and potential is India. Given the population of
the country, its potential would be at least at the level of China,
or more, given the need for electrification. The Indian market
developed in the last years but plateaued around the 10 GW mark
on an annual basis, before going down to 4,4 GW in 2020 due to a
series of administrative issues and difficulties. Some policy changes
such as tariff ceilings and safeguard duties in combination with a
falling currency also impacted the tendering procedures. In 2018
and 2019, several tender procedures found very few bidders and
even not enough takers in some cases. The support of the federal
government in India for PV is obvious, especially now that the
government raised its renewables ambition to 225 GW towards
2022 (and 100 GW for PV), but the road to a fast development
implies additional policy changes. In 2021, the PV market in India
was reinvigorated with 13,7 GW installed leading to a cumulative
capacity of 61 GW. The International Solar Alliance (ISA) initiated by
India and France and supported by more than 120 countries aims
to install 1 000 GW in its member (emerging) countries by 2030.

In Vietnam, after a solar market take off in 2019 with over 5,2 GW
installed (and a total installed capacity of 5,3 GW) and a boom in
2020 with at least 11,1 GW installed (mostly rooftop applications
but also of utility-scale plants (including floating PV applications)),
the marker shrunk to 2 GW in 2021 pushing the total installed
capacity to 18,4 GW. The government target for 2030, 12 GW,
is already reached, much faster than expected, while the country’s
electricity demand is expected to soar in the coming years.
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In 2021, Taiwan (Chinese Taipei) installed about 1,9 GW a steady
growth compared to previous years. It now reaches around 7,7 GW
of cumulative capacity. The market is supported by a FiT scheme
guaranteed for 20 years. Larger systems and ground-mounted
systems must be approved in a competitive bidding process.
The FiT level is higher for floating PV and the projects employing
high-efficiency PV modules.

In addition to these three countries where installations reached
GW-scale levels, the market is dynamic in several other Asian
countries, with the market being driven by utility-scale applications
under tenders for instance in Indonesia, the Philippines, Nepal
or Kazakhstan.

The Government of Bangladesh has been emphasizing the
development of solar home systems (SHS) and solar mini-grids
since about half of the population has no access to electricity.
Thanks tothe decrease in prices of the systems and a well-conceived
micro-credit scheme, off-grid PV deployment exploded in recent
years. The country targets 3,2 GW of renewables by 2021, out of
which 1,7 GW of PV.

The market is growing in several other countries, at a different
speed, such as in Pakistan, where the government has published
a target of 5 GW of solar power by 2022, therefore, more projects
are expected to come online in the coming years.

Last but not least, in Singapore, the total PV installed capacity was
630 MW at the end of 2021.

Asia is a continent so diverse, that it can be difficult to derive
trends from PV market development: however, the dynamics are
positive and while the challenges, as seen in India, are numerous,
amassive PV market suitable for energy transition goals is coming.
In that respect, Asia will continue to dominate the PV charts and
pave the way for larger adoption of PV globally.



IEA PVPS TRENDS IN PHOTOVOLTAIC APPLICATIONS 2022

‘%

- EVOLUTION OF PV INSTALLATIONS IN ASIA PACIFIC PER SEGMENT
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EUROPE

In the first years of this century, Europe led PV development for
years and represented more than 70% of the global cumulative PV
market until 2012. From 2013 to 2017, European PV installations
decreased while there has been rapid growth in the rest of the
world, mainly in Asia and the Americas. The fast development
of PV led to a strong opposition from many stakeholders from
the energy sector, and the market declined rapidly in several
countries. In addition, several countries implemented measures
aiming at decreasing the cost of PV installations for the community
by retroactively changing the remuneration levels or by adding
taxes. This phenomenon happened mostly in Europe, where the
fast development of PV took place before other regions of the
world: Spain, Italy, Czech Republic, Belgium, France and others
took some measures with a consequent impact on the confidence
of developers and prosumers.

But since then, the situation improved gradually in most countries
and PV installations rose in Europe. This was the case again
in 2021. Europe saw its PV market growing again in 2021,
with 30,9 GW installed, which accounted for 18% of the global PV
market. European countries had close to 198 GW of cumulative PV
capacity by the end of 2021, the second largest capacity globally.
Itis important to distinguish the European Union and its countries,
which benefit from a common regulatory framework for part of
the energy market, and other European countries which have their
own energy regulations and are not part of the European Union.

2018 2019 2020 2021

SOURCE IEA PVPS & OTHERS

Most European countries used Feed-in Tariffs schemes to start
developing PV and moved in the last years to self-consumption
(or variants) for distributed PV while tenders became the standard
for utility-scale PV. These trends are not typical to Europe,
but self-consumption developed faster here than in other locations.
Collective and delocalized self-consumption are developing in
several countries. BIPV has been incentivized more than in any
other location in the past but remains a niche market after several
GW of installations. Simplified BIPV seems to develop well in
some countries. Merchant utility-scale PV developed in Spain
and Germany and could lead to a significant market share in a
near future. Portugal saw competitive tenders below a reasonable
price in 2020, sign of speculation on grid connections. In general,
PV development in Europe has experienced a significant
acceleration, and rising electricity prices in 2022 are increasing the
competitiveness of PV electricity.
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EVOLUTION OF PV INSTALLATIONS IN EUROPE PER SEGMENT
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European Union

Policy Framework

The European Union has a strong influence on climate and energy
policies and has historically supported high renewable energy
developments to tackle climate change. In recent years, the EU
has set increasingly ambitious goals, which have been augmented
severaltimes: In December 2018, the revised European Renewable
Energy Directive (RED II) set a 32% renewable energy target by
2030, up to 20% in comparison with 2020. Since then, the target
has been increased: the share of renewables in the EU’s final
energy consumption has been set to 45% by 2030.

In 2019 the European Green Deal was introduced, an action plan to
boost the efficient use of resources by moving to a clean, circular
economy and to restore biodiversity and reduce pollution. One of
the pillars of the European Green Deal is a commitment to be
climate neutral by 2050. The European Commission raised the
2030 climate targets to 55% GHG reduction by 2030.

In May 2021, the European Council received a formal notification
about the approval of the Recovery and Resilience Facility (RRF)
by all Member States. Together with the next long-term budget,
this represents EUR 2,02 trillion of spending between 2020 and
2027 which can be partially used to develop renewables including
local manufacturing: Each recovery and resilience plan has to
include a minimum of 37% of expenditure earmarked for actions
to fight climate change.
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The recovery and resilience plans do not themselves set new
targets for the deployment of renewables at a national level.
Rather they define a package of strategic projects, ranging from
technological to socio-economic and administrative. Most national
recovery and resilience plans include measures to support the
installation of solar PV systems and targets for green hydrogen
from renewable energy sources. This comprises the electrification
of transport mentioned in various plans that will require additional
renewable electricity capacities. Rooftop installations are
mentioned by several countries, often with regard to building
renovation. However, total numbers are often difficult to derive as
PV and wind are often bundled.

In 2022, the REPowerEU has been proposed as a joint European
action for more affordable, secure, and sustainable energy: it has
been deemed as necessary both to accelerate the energy transition
and to secure the EU’s energy supply and disconnect Europe
from Russian gas and oil imports. REPowerEU includes short
and medium-term milestones which aim at a full independence
from all Russian energy imports by 2027. The plan would bring
the total renewable energy generation capacities to 1 236 GW
by 2030, in comparison to the original “Fit for 55" 1 067 GW
planned by 2030. Also, as part of the REPowerEU plan, the EU
Solar Energy Strategy’s aim is to boost the roll-out of photovoltaic
energy. This strategy aims to bring online over 320 GW of solar PV
capacity by 2025, and almost 600 GW by 2030. This plan will be
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paving the way for an era of renewable energy at affordable prices
while accelerating their development. It aims at achieving energy
savings, produce clean energy and diversify the EU’s energy
supply sources.

The Cypriot Recovery Plan includes investments into an “Euro Asia
Interconnector” in the territory of Cyprus. The Euro Asia
Interconnector is a cross border interconnector between Crete,
Cypriot, and Israeli power grids. The realisation of this 1 208 km long
interconnection would allow more PV electricity capacity without
additional storage. In March 2021, Cyprus, Greece and Israel
signed a memorandum of understanding for the interconnector
with a power capacity between 1 000 to 2 000 MWac. It is expected
that the connection will be completed by 2024, with operations
starting in 2025.

The implications for new PV capacity in the three partnering
countries are significant. Different to its partners Cyprus has
not yet revealed the planned additional renewable electricity
capacity. Israel announced that the interconnection would allow an
additional installation of 12 to 15 GW PV capacity by 2030. Greece
decided to phase out coal by 2028 and add an additional 5 GW of
PV capacity by 2030. To do so, a strong interconnection as well as
the announced energy storage framework are crucial.

In March 2021, Hungary announced to close its last coal fired
power plant 5 years earlier in 2025. This could lead to an increase
of PV deployment, meaning that the 2030 target of 6,5 GW can be
reached earlier. To what extend the 2040 target of 12 GW of PV
systems will be brought forward is not yet clear.

The Polish recovery plan mentions rooftop PV but includes no
concrete target. However, together with the Polish hydrogen
strategy, which aims for 2 GW of electrolysers and the aimto replace
coal heating system in residential buildings with heat pumps, will
drive the demand for renewable electricity. The Polish Institute of
Renewable Energy, responsible for tracking the capacity additions
in the country, forecasts that the cumulative installed capacity will
exceed the NECP target in 2022 and could reach 15 GW by 2025
and over 20 GW by 2030.

In Turkey, systems below 1 MW fall under the category of
“non licenced plants” which allowed the market to take off. At
the end of 2020, the cumulative capacity had exceeded 9,5 GW,
most of it in the category of “non-licenced” according to the
Turkish transmission operator. In May 2019, the Turkish Energy
Market Regulatory Authority (EPDK) published new rules for net

metering of PV systems with a capacity between 3 and 10 kW.
Also, in May 2019, the Turkish Government amended the rules
for “non licenced plants” increasing the project size up to 5 MW.
However, only public installations used for agricultural irrigation,
water treatment plants or waste treatment facilities are eligible as
ground mounted projects.

State of Play

At the end of 2021, the total installed PV power capacity in the
European Union had surpassed 170 GW.

Almost 55% of this were residential and commercial rooftop
installations. The PV market in the European Union was declining
for six years before the trend reversed in 2018. This trend
continued in 2021 when the European Union added upward of
28,7 GW of new PV power capacity. Spain (4,9 GW), Germany
(5,8 GW), Poland (3,7 GW), the Netherlands (3,6 GW) and France
(3,4 GW)can be mentioned as leading countries. Greece added
over 1 GW while eight countries added more than 500 MW,
namely Hungary, Austria, Denmark, Belgium, ltaly, Portugal,
Switzerland and Sweden.

Over the last few years, the number of European Member States
conducting auctions for solar energy has continuously increased
and driven down prices to the current average level of EUR 35/
MWh and EUR 70/MWh across the European Union. In 2020, the
second Portuguese auction attracted the lowest bids. The winning
projects offered electricity between EUR 11,2/MWHh.

Other European Countries

Outside of the IEA-PVPS network, UK installed 730 MW in 2021,
still far from the GW-scale market it used to be a few years ago.
The country had more than 14 GW of PV at the end of the year
2021, with a market mostly focused on small-scale applications.
PPA-driven utility-scale PV could develop in the coming years.

In the Russian Federation the “Energy Strategy of Russia for the
Period Up to 2035” set a target share of renewable energy in total
electricity production at 4.5% by 2024. Furthermore, the Russian
government set a target of 25 GW for the installation of renewable
electricity capacities towards 2030. In 2021 about 200 MW of new
PV capacity was installed in Russia, increasing the total capacity to
slightly above 2 GW (including ca 400 MW in Crimea).
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MIDDLE EAST AND AFRICA

Over the past decade, many countries, especially in the Middle
East have started to connect large-scale PV power plants and more
are in the pipeline. Several countries are defining PV development
plans and the prospects on the short to medium term are positive.
The Middle East is amongst one of the most competitive places for
PV installations, with PPAs granted through tendering processes
among the lowest in the world. In 2021, around 6 GW have been
installed in the region, representing 3,5% of the global market.

In MEA (Middle East and Africa) countries, the development of
PV remains modest compared to the larger markets, especially in
the African countries. However, almost all countries saw a small

development of PV in the last years and some of them a significant
increase. There is a clear trend in most countries to include PV
in energy planning, to set national targets and to prepare the
regulatory framework to accommodate PV.

Next to IEA-PVPS countries with a dynamic market such as Israel
and more recently Morocco, the region’s PV development is
extremely diverse with Egypt, Saudi Arabia and the UEA leading
installations. In the middle East, the market has been driven mostly
for competitive tenders for years and distributed applications
started to develop only recently (net metering policies have been
implemented in Israel, Jordan, Saudi Arabia and Tunisia).

- EVOLUTION OF PV INSTALLATIONS IN AFRICA AND THE MIDDLE EAST PER SEGMENT

20 —

100 — I I
80
60 —|

%
40

m Off-grid
B Grid-connected distributed

Grid-connected centralized

2011 2012 2013 2014 2015 2016 2017 2018

Often, energy prices are supported by government spending,
which limited for years the ability of PV to compete. This
situation is changing slowly, with new distributed schemes being
proposed such as in Dubai (UAE). Tenders are still competitive
and Saudi Arabia became early 2021 the country with the most
competitive tender: the lowest acceptable bid reached 10,4 USD
per MWh, the lowest on record.

Another trend in the fast-developing region is the willingness for
government to develop brand new cities or neighbourhoods, which
aim at becoming showcases of renewable energies. This was the
case for Masdar City (UAE) or Spark and Neom (Saudi Arabia).
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The situation is similar in northern Africa, with tenders driving PV
market development in Egypt (even if the development was slower
than expected), Algeria, and Morocco. In several countries, the
question of local manufacturing is essential even if not yet visible
in current policies. The willingness to manufacture locally and
develop a manufacturing industry is present and will influence
PV deployment in the coming years, especially in Morocco and
South Africa.
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In the Middle East, countries such as Saudi Arabia, Bahrain,
Jordan, Oman and the United Arab Emirates have defined targets
for renewable and solar energy for the coming years. Tenders are
an integral part of the plans for PV development in the short or long
term in the region, while several were organized again in 2019 and
2020 and more have been announced. Almost 3 GWdc have been
installed in the UAE through several plants and more is expected
to come.

Jordan is aiming for 1 GW of PV in 2030 and already launched
several tenders and installed several hundreds of MW. Qatar
published the results of its third tender for 800 MW in January
2020. Saudi Arabia launched a series of tenders in the past and
has again in 2020, with an initial objective totalling 3,3 GW. Bahrain
has announced the development of 225 MW, Oman has launched
several tenders, each for at least 500 MW and plans to reach 4 GW
of RES capacity by 2030, Tunisia launched a tender for 500 MW
and for 70 MW, Libya 100 MW. Lebanon plans 180 MW towards
2020 and is investigating a plant of 500 MW as well.

In Sub-Saharan Africa, with the notable exception of South Africa,
the market has been slower to develop. Development Aid is often
a key tool for financing hybrid PV systems and electrify directly
through new grid connection. Egypt is the new African market
leader with close to 300 MW installed in one year. The policies
engaged for several years now have started to produce positive
effects and the market is poised to develop further.

South Africa was the first major African PV market, under several
tenders thatled to 4,6 GW cumulatively installed at the end of 2021.
While a large part of the market was driven by tenders, the market
should rebalance towards rooftop applications in the coming years
under government support.

In Africa, besides the above-mentioned countries, Algeria has
installed several hundreds of MW. Reunion Island, Senegal,
Kenya, Mauritania, Namibia and Ghana have already installed
some capacity. As the costs are decreasing, the interest in PV
is growing in other African countries. However, the market has
not really taken off despite the huge potential and the growing
competitiveness of solar PV, especially in off-grid applications.
The main barrier is the financial aspect as the higher upfront
investment costs remains a barrier despite lower LCOE.

The most competitive segment for the development of solar
in Africa, especially in remote areas, is PV plants to replace or
complement existing diesel generators. Such kinds of hybrid plants
have been developed in Democratic Republic of Congo, Rwanda,
Ghana, Mali, Ivory Coast, Burkina Faso, Cameroon, Gambia,
Mauritania, Benin, Sierra Leone, Lesotho and others.

Pay-as-you-go models are used to leverage financing difficulties
for residential consumers, different pricing formats exist to foster
access to clean and reliable electricity.

Several large-scale PV plants have been announced or are under
construction in several countries in Africa: Burkina Faso (20 MW
and 30 MW), Namibia (45 MW and 30 MW), Nigeria (100 MW),
Cameroon (30 MW and 25 MW projects ongoing) and Kenya
(several projects ranging from 30 MW to 80 MW) to name just
a few. The question of African power markets is essential since
many countries have a small, centralized power demand,
sometimes below 500 MW. In this respect, the question is not only
to connect PV to the grid but also to reinforce the electricity grid
infrastructure and interconnection with neighbouring countries.
However, concerning remote areas, micro-grids and off-grid PV
applications, such as water pumping installations, are expected to
play a growing role in bringing affordable power to the consumers,
in a continent with 700 million people still lack a basic access
to electricity.
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2021 PV MARKET STATISTICS IN DETAIL

COUNTRY

AUSTRALIA
AUSTRIA
CANADA

CHILE

CHINA
DENMARK
FINLAND
FRANCE
GERMANY
ISRAEL

ITALY

JAPAN

KOREA
MALAYSIA
MEXICO
MOROCCO
NETHERLANDS
NORWAY
PORTUGAL
SOUTH AFRICA
SPAIN
SWEDEN
SWITZERLAND
THAILAND
TURKEY
UNITED STATES
IEA PVPS
NON-IEA PVPS

TOTAL
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DECENTRALIZED CENTRALIZED TOTAL
3231 1713 4944
658 81 739
118 304 1
1250 1431 2681
29 280 25600 54 880
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95 5 100
1133 2219 3350
3753 2008 5760
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301 69 370
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- - 493
1287 2345 3632
45 0 45
102 469 571
58 400 458
1400 3500 4900
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615 68 683
250 250 500
845 647 1492
6618 20255 26873
58 797 69978 129 267
19319 25373 44200
78 116 95 351 173 467
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5

7716

11103

1410
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753 891

191 801
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POLICY FRAMEWORK

In the early phase of PV development, most markets have been
powered by a broad spectrum of support policies, from feed-in
tariffs and direct subsidies to competitive calls for tender and
premiums. The first aim was to reduce the gap between PV’s
cost of electricity and the price of conventional electricity
sources thanks to financial support. The rapid price decline that
PV experienced in the last years has enabled PV systems to
reach competitive prices in several segments and countries (for
more detail, see Chapter 6, competitiveness of PV electricity).
The possibility to develop PV systems in many locations with
limited or no financial incentives is now an observable reality.
Direct long-term private contracts between PV plant owners
and off-takers for the electricity produced (PPAs), and the sale
of electricity on wholesale markets (merchant PV), have seen
in an increasing number of countries in 2021 (a large part of
ground-mounted PV plants installed capacity in Spain in 2021
was developed through PPAs). The growing competitiveness of
PV electricity has also boosted the share of non-incentivized
self-consumption PV installations, which have reached 6%
in 2021. Moreover, the increase in energy costs in 2021 and
2022, and specifically electricity prices, have enhanced PV
competitiveness in numerous countries. If high market prices for
electricity remain, the question of competitiveness will change
completely as will the way to conceive PV market support and
policy framework. Without any support scheme limitation,
the PV market potential looks virtually unlimited.

However, the competitiveness of PV is not yet guaranteed in all
segments and locations. Therefore, targeted financial incentives
might still be needed for some years to overcome costs or

ler, NREL 60075

investment barriers in specific countries. Support schemes
are evolving according to market maturity, PV electricity
competitiveness and investor confidence. Predefined feed-in-tariffs
that support centralized PV are being replaced in many countries
by auctions with calls for tenders to propose the most competitive
PV electricity. This mechanism can be adapted, setting the same
auctions but for a variable premium, given on top of the wholesale
market price where the electricity is sold. When no more incentive
is needed, PV plants selling electricity through PPAs can be setup
followed by plants that sell electricity directly to the market.

Support for the distributed PV market often begins by setting
feed-in tariffs too, which still support half of these segments in 2021
(54%), even if the trend leans towards lower tariffs. In places where
self-consumption is incentivized, supported initially by net-metering
mechanisms turning to net-billing mechanisms, premiums or FiT
tariffs for the excess electricity fed into the grid before competitive
self-consumption without any incentives can take place.

Since the question of the competitiveness of PV is less pressing,
a large part of new policies is also focussed on self-consumption
schemes, citizen communities and innovating forms of
collective and delocalised self-consumption. Policies supporting
self-consumption might be considered as non-financial incentives
since they set up the regulatory environment to allow consumers
to become prosumers or an energy community. Even if electricity
procurement can be compensated by PV production, taxes and the
financing of distribution and transmission grids are still animating
the debate, shaping the regulatory framework and impacting the
business models and the price fo