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KEY
FINDINGS

•

Renewable energy capacity has grown at recordhigh levels, even as investment has dipped in
dollar terms in 2016. Investment levels are highly
responsive to policy changes.

•

Offshore wind investment has risen steadily
– quadrupling in 2013-2016 – and is poised for
further growth.

•

Private sources provide the bulk of renewable
energy investment globally – over 90% in 2016.

•

But public finance can play a key enabling role –
covering early-stage project risk and getting new
markets to maturity. Public spending on policy
implementation far outweighs direct public
investments.

•

•

8

Project developers account for about two-fifths
of private investment in the sector. Institutional
investors – pension funds, insurance companies,
sovereign wealth funds and others – only make up
less than 5% of new investments.
Private investors overwhelmingly favour domestic
renewable energy projects (93% of the private
portfolio in 2013-2015), whereas public investment
is more balanced between in-country and
international financing.

2013

2016

Public

Private

KEY FINDINGS
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E XECUTIVE SUMMARY

EXECUTIVE
SUMMARY

The landscape of renewable energy finance has
evolved rapidly. Since 2012, renewable power
capacity installations have exceeded non-renewables
by a rising margin, representing about 60% of all
new power-generating capacity added worldwide
in 2016 (IRENA, 2017a). Investment reached a
comparable milestone in 2015, when renewable
power technologies for the first time attracted more
finance than non-renewable power technologies
(Buchner et al., 2017), a trend that has continued
subsequently.
This report analyses the renewable energy finance
landscape. It outlines key trends globally in
2013-2016, regionally and by technology, examines
the differing roles and approaches of private and
public finance, highlights the important role of risk
mitigation instruments, and provides an outlook for
renewable energy finance in 2018 and beyond.

•

While annual investment declined in 2016, capacity
additions in the same year were up from 2015. This
is partially due to declining costs and partially to
the time lag between financial closure (i.e., the time
of investment) and the completion of construction,
after which an installation becomes operational.

•

Cost declines for key technologies have influenced
finance flows. Lower solar and wind power costs,
in particular, reduced the total value of renewable
energy investment in 2015 and 2016, as each dollar
of investment financed more capacity than in
previous years.

•

Policy changes contributed significantly to global
investment trends. The peak in 2015 was partially
driven by a rush to complete projects before an
expected fall in policy support in key markets.
Examples included cuts in feed-in-tariffs in China,
Germany, Japan and the UK.

EMERGING TRENDS

Technology trends

Global overview

•

•

Global annual investment in renewable energy
rose steadily in 2013-2015, peaking at USD 330
billion in 2015 before falling to USD 263 billion in
2016.

Investment in solar power (both photovoltaic, or
PV, and thermal) and wind power (both onshore
and offshore) dominated spending in the sector
globally. Investment in these technologies rose
from 82% of total renewable energy finance in
2013 to 93% in 2016.
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•

Offshore wind investment saw an almost fourfold
increase in the same period, with its share of total
wind investment rising steadily from 10% in 2013
to 25% in 2016. Offshore wind kept growing in
absolute terms in 2016 while investment in other
technologies declined.

•

Investment in biomass-fired power peaked at
USD 9 billion in 2014, before trending downwards
to USD 5 billion in 2016.

•

Investment in geothermal power was stable,
averaging USD 2 billion per year over 2013-2016.

•

Investment in biofuels averaged USD 1.7 billion
per year in 2013-2015, but fell by 84% to
USD 250 million in 2016.

•

Investment in hydropower fell steadily as fewer
large projects were financed. Yet this is not
necessarily an ongoing global trend, as 2013-2014
investment levels reflected large hydropower
projects in Brazil that may prove to be outliers.

region rose steadily, it was insufficient to offset
the 2016 decline in solar PV and onshore wind
investment, driven primarily by policy changes in
Germany and the UK.
•

OECD Americas (Canada, Chile, Mexico and
the United States)3 saw investment peak at
USD 52 billion in 2015 mainly driven by strength in
the US solar PV and wind markets.

•

The Latin America-Caribbean region mirrored
the global trend, peaking at USD 17 billion in 2015
before falling to USD 9 billion in 2016.

Financial instruments
•

Grants and concessional finance accounted for
near-negligible shares of total renewable energy
finance during the period.

•

Utility-scale solar PV and onshore wind were
largely financed by a mix of commercial debt
and equity, with average debt-to-equity ratios
hovering between 60% and 70% globally.

•

Although most development finance institutions
(DFIs) favoured loans, USD 793 million worth of
risk mitigation instruments in Asia and USD 552
million in Africa were extended, primarily to assist
in establishing renewables in countries with a
limited track record for such projects.

Investment by region
•

•

The East Asia-Pacific region was the dominant
destination for renewable energy investment,
seeing rapid growth from USD 64 billion in 2013
to USD 114 billion in 2015, before a dip to USD 88
billion in 2016. China was the main driver, with
investment peaking in 2015 in response to policy
support, before incentives were scaled back in
2016. Investment in OECD Asia (consisting of
Japan, Israel and the Republic of Korea)2 grew
from USD 32 billion in 2013 to USD 37 billion in
2014, then declined sharply in 2016 as Japan
reduced solar PV feed-in tariffs.
1

Western Europe saw investment peak in 2015 at
USD 73 billion before falling to USD 53 billion in
2016. While offshore wind investment in the same

CONTRASTING PUBLIC AND PRIVATE
INVESTMENT
•

Direct public investment4 has typically constituted
a small share of total renewable energy finance,
fluctuating between 12% and 16% in 2013-2015,
and dipping to 8% in 2016. The bulk of renewable
energy investment – more than 90% in 2016 – is
financed from private sources.

1. See Table 2 in the Annex for a list of countries included in each region.
2. Members of the Organisation for Economic Co-operation and Development (OECD) in Asia.
3. OECD members in North and South America.
4. Excluding expenditures for feed-in tariffs and other policy support measures.
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•

Western Europe and the Latin America-Caribbean
region were the two largest destinations5 for
public renewable energy finance. Western
Europe accounted for USD 14 billion, or 36%
of public finance in the sector, in 2013-2015,
while Latin America-Caribbean accounted for
USD 9 billion (22%). Public finance for renewables
fell in both regions in 2016.

•

Public investment did not favour a particular
technology; rather it supported a variety of
projects, ranging from advisory work on renewable
energy infrastructure to investment in community
programmes and upgrades to transmission and
distribution networks.
DFIs (national, bilateral and multilateral) have
accounted for the majority of public investment,
with an annual average of 85% of the total in
2013-2015. This dropped to 73% in 2016.

•

•

•

Significant public resources are allocated to
establish regulatory instruments and fiscal
incentives, seen as key mechanisms to support
renewable energy. These are not counted as
investments and are therefore additional to
the figures cited above. In Western Europe, for
example, annual expenditures for renewable
electricity support policies6 totalled at least
USD 66 billion in 2015 (CEER, 2017), while public
investment amounted to just over USD 14 billion.
By the end of 2016, 147 countries had renewable
energy support policies in place. While feed-in
tariffs/premiums continue to be implemented,
falling costs and grid integration issues7 have
driven an increase in the use of auction mechanisms.

•

While public finance plays a significant enabling
role, the bulk of investment comes from private
sources. The East Asia-Pacific region had the
highest levels of private finance, averaging
USD 101 billion annually in 2015-2016, followed by
Western Europe, which averaged USD 55 billion
during the same timeframe.

•

Overall, private renewable energy investment
stayed predominantly (93%) within the country of
origin; by contrast, public investment saw a much
more balanced split of public investment between
in-country financing and international financing.

•

Investment in solar and wind (onshore and offshore)
accounted for, on average, 90% of total private
finance between 2013 and 2016. This reflects the
maturity of solar and wind power technologies.

•

Project developers contributed 40% of private
finance each year, mostly concentrated in China,
Japan, the UK and the US. Commercial financial
institutions accounted for 23% of investment of
such private finance in 2014-2016, hitting a high of
USD 69 billion in 2015.

•

The share of investment from corporate actors fell
from 27% on average in 2013-2014 to 14% on average
in 2015-2016. This was driven largely by a decline
in solar PV investments by Japanese corporations,
apparently in response to changes in feed-in tariffs.

•

Institutional and private equity investors contributed
less than 1% each to global renewable energy
investment during the period. Their investment
peaking in 2015 at around USD 3 billion and
USD 2 billion, respectively.

5. The destination of finance is defined as the region or country in which the renewable energy asset is ultimately constructed and the investment
is made.
6. Including feed-in tariffs, feed-in premiums and green certificates.
7. That is grid overload and curtailment due to a mismatch of supply and demand, which can arise in the presence of feed-in tariffs; grid integration
issues can be overcome through the use of auctions by designing it such that the project location is specified and producers have the incentive
to generate electricity during peak hours.
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OUTLOOK
Meeting international climate goals calls for
unprecedented mobilisation of finance in the renewable
energy sector. The rise in global mean temperature can
be limited to well below 2°C – in line with the Paris
Agreement – if the share of renewables in primary
energy supply rises from about 15% (the 2015 level)
to about 65% in 2050, coupled with greatly improved
energy efficiency.
•

The envisaged energy transformation necessitates
total investment of USD 25 trillion in renewables
in the period until 2050, implying approximately a
tripling of the current annual investments (IRENA,
2017b).

•

Private finance will continue to account for the
bulk of this investment, and, to achieve this,
institutional investors must be drawn into the
renewable energy sector at scale, while divesting
from fossil-fuel installations that risk becoming
stranded assets.

•

Public finance sources – in particular concessional
finance, grants to create enabling conditions,
guarantees, and other risk mitigation instruments
– must all be scaled up. They must also be used in
a more targeted manner to spur new investment,
especially in emerging economies that are
currently lagging behind.

Along with accelerated investment, falling technology
costs will help to boost the world’s uptake of
renewables.
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•

Solar PV and onshore wind costs should fall further
in 2018 and beyond. Both technologies are already
crucial in the renewable mix and could be further
bolstered by fast-improving battery storage.

•

Offshore wind – the only technology to grow
continuously through 2016 – looks likely to
continue in the same direction, given the falling
costs at recent offshore wind power auctions.

•

Concentrated solar power (CSP) may also see a
major boost, given recent cost declines for this
technology and its potential to provide energy
storage independently of battery development.

What happens next will depend largely on China, the
US, India and other key markets for renewables. Rising
markets, such as Argentina, Indonesia, the Republic
of Korea and Viet Nam, also offer significant growth
potential. In other developing economies, exponential
increases in domestic finance could boost future
renewable energy investment.

THE GLOBAL LANDSCAPE ILLUSTRATED
The finance and investment landscape for renewables
is depicted in the Sankey diagram that follows. The
diagram shows global renewable energy finance flows
along the investment life cycle in 2015 and 2016, taking
into consideration the full range of sources, instruments,
regions and technologies, as well as distinctions
between public and private finance sources.
Values are averages of the data from the two years,
in USD billion.
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GLOBAL LANDSCAPE OF RENEWABLE ENERGY FINANCE 2015/2016
Sources and Intermediaries
Instruments
What types of investors are the
sources of finance?

What types of
instruments are used?

Public sources
5.4

Grant
1.0

Governments (4.4)
Climate funds (1.0)

Recipients

Region

Technology

Are recipients of finance
public, private, or both?

Where is finance flowing?

Which technologies are funded?

Public
10.7

No region mapping
1.4
Transregional
6.8
Africa (0.2)

Public Financial
Intermediaries
20.3

0.7

Bilateral (2.7)
National (9.0)
Multilateral (8.6)

Public-Private

Latin America and
the Caribbean
13.7

2.0

4.4
Marine
<0.1
Geothermal
2.4
Other
10.5

Concessional debt

Central Asia and
Eastern Europe

5.8

3.2

Biomass

South Asia
14.4

6.3

Private Financial
Intermediaries
75.8

America (<0.1)
Asia (0.9)
Pacific (<0.1)

Unknown

Hydropower

State Owned Enterprises (10.0)
Institutional investors (2.2)
PE, VC, infra. funds (1.4)
Commercial Financial Institutions (62.2)

Unknown
Equity

4.8

Africa and Middle East
MENA (4.0)
8.6
Sub-Saharan (4.6)
Western Europe

128.1

60.6

Biofuels
0.9
Solar thermal
incl. CSP
18.3
Wind

Private

Offshore (27.4)

OECD
Private sources
Corporate Actors (36.7)

81.0

119.6

Onshore (92.2)

Americas (52.1)

Debt

Households (31.0)

279.1

195.1

East Asia
and Pacific

161.0
Project developers (127.5)

Asia (25.3)
Oceania (3.6)

106.9

Solar PV

134.6
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GLOBAL L ANDSCAPE
OF RENEWABLE ENERGY
FINANCE, 2013 -2016
1. OVERVIEW
This dedicated renewable energy investment
landscape looks at the key aspects of renewable energy
finance, with a focus on technology investment trends
and the role of public and private actors in mobilising
renewable energy finance. It aims to capture global
annual investment8 in renewable energy based on
empirical data drawn from a wide range of primary
and secondary sources.

Between 2013 and 2016, the landscape of renewable
energy investment evolved significantly (see Figure 1).
Solar and wind cemented their places as the leading
technologies by volume of investment, and investment
in offshore wind increased. Falling solar photovoltaic
(PV) and wind power costs (IRENA, forthcoming)
have resulted in record capacity additions, while
investments across hydropower, geothermal, biomass,
biofuels and other technologies have made material
contributions to total finance.

Figure 1 Renewable energy annual investment by technology type, 2013-2016
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Note: The “other” category encompasses general policy support and assistance (typically channelled through development finance
institutions), along with investment in grid infrastructure which specifically benefits renewable energy.
8. “Investment” is a financial commitment represented by a firm obligation, for example by means of a Board (or equivalent body) decision,
backed by the necessary funds, to provide specified financing whether through debt, equity or other financial instruments. More information on
the methodology is available in IRENA and CPI (2018).
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Total renewable energy investment, encompassing all
technologies and policy support, grew steadily from
2013, peaking in 2015 with commitments of USD 330
billion globally, as developers moved to finalise projects
ahead of planned feed-in tariff reductions in China.

1.1 Falling costs and record capacity in 2016
In 2016 total investment in renewable energy fell by
around 20% to USD 263 billion. Despite the lower
investment, 2016 saw record increases in installed
renewable plant capacity as capacity financed in
previous years became operational (IRENA, 2017a).
Investment in solar PV and wind (onshore and
offshore) totalled some USD 278 billion in 2015, with
combined solar PV and wind capacity additions of 113
gigawatts (GW) (IRENA, 2017a). In 2016, total solar PV
and wind investment fell by 17% to USD 230 billion,
and combined wind and solar PV capacity additions
were up 8%, to 122 GW (IRENA, 2017a) (see Figure 2).

This apparent contradiction between lower
investments and higher capacity additions is due to
falling costs, and to finalised investments which are
not reflected in capacity additions in the year in which
the project is financed. The time lag between the
financing of a project and its completion varies for a
number of reasons including geography, technology
type and project-specific factors.
As shown in Table 1, solar PV projects are relatively
quick to construct and can be built in less than a
year after financing is completed. On average, solar
PV construction times are shortest in Europe and
Asia. Onshore wind construction times are also
comparatively short, again averaging less than
one year. Onshore wind projects are typically built
fastest in Europe and North America. By contrast,
construction of offshore wind projects averages close
to two years after financing is agreed, so a project
financed in 2015 may not become operational until
2017 or beyond (BNEF, 2017).

Figure 2 Solar PV and wind power annual investment and capacity additions, 2013-2016
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Table 1

Average difference between date of financing and commissioning for renewable energy projects (years)

Technology

Number of years

Solar PV

0.5

Wind onshore

0.8

Bioenergy

1.7

Wind offshore

1.7

Geothermal

1.9
2

Solar thermal
Marine

2.2

Small hydro

2.3

Based on: BNEF, 2017

1.2 Explaining the 2016 decline
The 2016 decline in total renewable energy investment
despite a rise in installed renewables capacity can
be explained by a combination of policy-induced
investment decisions and falling costs.
Combined solar PV and onshore wind investment
(which accounts for the majority of new investment
in renewable energy) fell almost 20% between 2015
and 2016. Figure 3 shows that just over half of this
decline (around USD 30 billion) was driven by lower
technology costs, and just under half (USD 28

billion) was caused by a reduction in the volume of
megawatts (MW) financed. Much of this trend was
driven by China, where developers moved to finalise
projects ahead of scheduled feed-in tariff reductions.
In Japan, solar PV investment also declined by
more than 60% between 2015 and 2016 as feed-in
tariff changes were brought in. In the UK, solar PV
investment fell from USD 4.5 billion to USD 1.8 billion
between 2015 and 2016 due largely to reductions in
feed-in tariffs and other subsidies. In both Germany
and the UK, policy changes also greatly reduced
investment in onshore wind.

Figure 3 Breakdown of declining investment in solar and wind power between 2015 and 2016
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2. INVESTMENT BY TECHNOLOGY
Between 2013 and 2016, investment in solar power
(both PV and thermal) and wind power (both onshore
and offshore) dominated spending on new renewables
projects globally, moving from 82% of total renewable
energy finance in 2013 to 93% in 2016. Solar power

investment is largely made up of PV generation; solar
heating systems and CSP plants typically accounted for
around 10% of total solar-related investment (see Figure
4). CSP costs have fallen, with auctions in Dubai settling
as low as USD 7.3 cents per kWh (Government of Dubai,
2017). Further cost declines and the potential of CSP for
solar energy storage are likely to boost new investment.

Figure 4 Investment in solar PV and solar thermal including concentrated solar power, 2013-2016
180
160
140

167

158

138
125

USD billion

120
100
80
60
40
20
0

2013

2014
Solar PV

2015

2016

Solar thermal including CSP

Onshore wind commands the majority of finance for
wind power (see Figure 5), although investment in
offshore wind increased almost fourfold between

2013 and 2016, from USD 7 billion to USD 27 billion.
Offshore wind’s share of total wind investment rose
steadily from 10% in 2013 to 25% in 2016.

Figure 5 Investment in onshore and offshore wind power, 2013-2016
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Figure 6 shows the evolution of annual investment
in technologies other than solar PV and wind.
Hydropower and biomass-fired plants represent
the largest shares of such investment; however,
combined investment in these technologies fell
from USD 44 billion in 2013 to USD 27 billion
in 2016.
Investment in hydropower declined sharply from
USD 14 billion in 2013 to only USD 3.1 billion in 2016.

This decline should not necessarily be seen as a global
trend. Larger hydropower investments are lumpy,
and finance for a single large dam can run into the
billions of dollars. Both 2013 and 2014 saw significant
investment in large Brazilian hydropower projects, and
even a small number of large hydro projects in 2017 or
2018 could quickly reverse the decline. Investment in
solar thermal technology remained relatively stable
at between USD 16 billion and USD 20 billion during
2013-2016.

Figure 6 Annual investment in marine energy, geothermal power, biomass-fired power, hydropower, biofuels and
concentrated solar power, 2013-2016
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Investment in biomass-fired power peaked at USD 9
billion in 2014, slightly above the level in 2013, before
trending downwards to USD 7 billion in 2015 and USD
5 billion in 2016. Investment in geothermal also was
stable, averaging USD 2 billion annually during 20132016. Investment in biofuels declined over the period,
from an average of around USD 1.7 billion annually
during 2013-2016, to USD 250 million in 2016.
Investment in ocean and marine energy averaged
less than USD 75 million per year, mostly in the form
of small tidal lagoon investments, although some
larger-scale tidal lagoon projects are now under
development.9

3. INVESTMENT BY REGION
Because policies drive many renewable energy
investment decisions, investment trends can vary
greatly by geography. However, similarities at the
global level can be observed, particularly the high share
of investment in onshore wind and solar PV power.
The East Asia-Pacific region was the dominant
destination for renewable energy investment during
2013-2016 (see Figure 7), with investment growing
rapidly from USD 64 billion in 2013, to USD 81 billion
in 2014, to USD 114 billion in 2015, then declining to
USD 88 billion in 2016, reflecting investment patterns

9. An example is the 320 megawatt Swansea Bay tidal lagoon (Tidal Lagoon Power, 2017), which could serve as a precursor to further larger
projects.
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in China (discussed below). Investment in OECD Asia10
also grew from USD 32 billion in 2013 to USD 37 billion
in 2014, then declined slightly to USD 35 billion in 2015
before dropping sharply to USD 15 billion in 2016, driven
largely by declines in solar PV investment in Japan.
The OECD Americas11 region saw investment rise
steadily from USD 40 billion in 2013 to a peak of
USD 52 billion in 2015; investment remained resilient
in 2016 at USD 51 billion, driven by strength in the US
solar PV and wind markets (discussed below).
The Latin America-Caribbean region mirrored
the 2015 global investment peak, with investment
topping out at USD 17 billion before falling to USD 9
billion in 2016. The decline was due in part to lower
onshore wind investment in Brazil, which fell by

USD 2 billion between 2015 and 2016. Fewer large
hydropower projects in Brazil also played a role, with
investment declining from USD 2.5 billion in 2015 to
USD 800 million in 2016. Offsetting these declines to
some extent, region-wide investment in solar PV rose
from USD 1.6 billion in 2015 to USD 2.3 billion in 2016.
Western Europe saw investment peak in 2015 at
USD 73 billion, rising from USD 53 billion in 2013 and
USD 58 billion in 2014, but failing in 2016 to USD 53
billion. Although offshore wind investment in Western
Europe rose steadily from USD 6 billion in 2013 to
USD 23 billion in 2016 (passing USD 16 billion in 2014
and USD 21 billion in 2015), this was insufficient to
offset the 2016 decline in solar PV and onshore wind
investment, driven primarily by policy changes in the
UK and Germany.

Figure 7 Annual renewable energy investment by region of destination, 2013-2016
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Looking at solar PV in more detail (given its dominant
share in total investment), the East Asia-Pacific region
was the largest recipient of solar PV investment
(see Figure 8). Investment rose from USD 28 billion
in 2013 to a peak of USD 56 billion in 2015, then fell
in 2016 to USD 49 billion. The pattern was driven
largely by China, where solar PV investment stood at
USD 24 billion in 2013, rose to USD 41 billion in 2014,
and peaked at USD 53 billion in 2015 as developers
moved to finalise projects ahead of a scheduled feedin tariff reduction.
10. This includes Japan, Israel and the Republic of Korea.
11. This includes Canada, Chile, Mexico and the US.
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The OECD Americas region also saw strong growth
in solar PV during the period, with investment rising
from USD 16 billion in 2013 to USD 32 billion in
2016, underscored by consistent growth in solar PV
investment in the US. The US saw investment rise
from USD 13 billion in 2013 to a high of USD 31 billion
in 2016, a compounded annual growth rate of 30%.
Chile also experienced a booming market between
2013 and 2015, with investment rising from USD 300
million to USD 3 billion before declining in 2016 to USD
800 million. This decline was possibly driven by falling
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wholesale power prices, which made solar PV projects
without auction backing a less appealing investment
prospect.
Solar PV investment in OECD Asia was relatively stable
between 2013 and 2015, averaging USD 33 billion
annually until 2016, when investment fell sharply
to USD 13 billion. This pattern was driven largely by
Japan, where investments remained steady between
2013 and 2015 at USD 31 billion before falling in 2016
to USD 12 billion, as feed-in tariffs were reduced.
Japan’s sharp decline was offset to a limited extent by
rapid growth in solar PV investment in the Republic
of Korea, which grew from USD 600 million in 2013 to
USD 1.1 billion in 2016.

South Asia saw significant growth during 2015 and 2016,
reaching investment of USD 9 billion in 2016, up from USD
1 billion in 2013 and USD 4 billion on average during 20132014. This growth was driven largely by India, where solar
PV investment reached USD 8 billion in 2016, with some
investment also in Bangladesh, Pakistan and Sri Lanka.
In Western Europe, solar PV investment fell from
USD 10 billion in 2015 to USD 7 billion in 2016 (having
averaged USD 17 billion annually during 2013 and
2014), driven largely by falling investment in the UK,
where solar PV investment fell from USD 4.5 billion to
USD 1.8 billion between 2015 and 2016. This decline
was likely due to reductions in feed-in tariffs and
other subsidies for solar PV plants.

Figure 8 Solar PV investment by region of destination, 2013-2016
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As with solar PV, regional investment trends for
onshore wind (see Figure 9) generally reflect the
patterns of the larger underlying nations. Investment
in the East Asia-Pacific region rose from USD 26 billion
in 2013 to USD 33 billion in 2014, peaking in 2015
at USD 43 billion before declining to USD 32 billion
in 2016. The changes were driven almost entirely
by China, which accounted for 98% of the region’s
onshore wind investment during 2013-2016, with the
2016 decline following a 2015 rush for developers to

finance projects ahead of scheduled feed-in tariff
reductions.
The Latin America-Caribbean region saw relatively
stable investment in onshore wind, averaging USD 5.5
billion annually with a peak of USD 7 billion in 2015.
Investment in the OECD Americas region averaged
USD 16 billion annually during 2013-2014 before rising
to USD 19 billion in 2015 and falling slightly to USD
18 billion in 2016. The US was the main driver of the
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movement, with onshore wind investment growing
from USD 8 billion in 2014 to USD 16 billion in 2016. The
small decrease in total regional investment in 2016 is
explained by reductions in onshore wind investment
in Canada, Chile and Mexico.
Western Europe saw investment in onshore wind
rise steadily between 2013 and 2015 as policy
support took effect. Investment of USD 9 billion in
2013 surged to USD 15 billion in 2014 and a peak of
USD 26 billion in 2015, before falling to USD 17 billion

in 2016. The 2015-2016 decline was likely driven
by policy changes in Germany and the UK.
German onshore wind investment fell sharply from
USD 9 billion in 2015 to USD 4 billion in 2016, probably
the result of government moves to slow the expansion
of onshore wind in areas suffering from grid congestion
by moving to an auction-based system. Onshore
wind investment in the UK fell from USD 5.6 billion
in 2015 to USD 3 billion in 2016 as certain subsidies
were reduced and others were closed to new entrants
(Ofgem, 2016).

Figure 9 Onshore wind investment by region of destination, 2013-2016
USD billion
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In contrast with solar PV and onshore wind, relatively
few countries have pursued offshore wind programmes
at a large scale (see Figure 10).12 The UK provides
guaranteed power prices through its contract-fordifference scheme (Carbon Brief, 2017), in which
developers bid to offer the lowest price per megawatthour generated, similar to schemes operated in Belgium,

12. For this reason, regional differences are not presented.
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Germany and the Netherlands. Partly as a result,
the UK saw investment in offshore wind grow from
USD 2.5 billion in 2013 to USD 15 billion in 2016, with
a high of USD 18 billion in 2015. China, which has used
feed-in tariffs to drive offshore wind (GWEC, 2015),
is the second-place destination for this investment,
averaging USD 5 billion during 2015-2016.
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Figure 10 Top five offshore wind investment destinations, 2013-2016
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4. INVESTMENT BY FINANCIAL
INSTRUMENT
Renewable energy can be financed using a variety
of instruments, from grants to concessional debt
and equity to purely commercial debt and equity.
Typically, more mature markets and technologies are
financed with private finance on commercial terms,
whereas grants and concessional finance are often
used to stimulate investment in previously untested
countries.
Although grants and concessional finance both play a
role in stimulating renewable energy investment, they
account for near-negligible shares of total finance.
Grants averaged around 0.5% of total renewable
energy finance annually during 2013-2016, while
low-cost debt and concessional equity averaged 4%

China

Netherlands

Belgium

over the period, and only 1.5% in 2016. Brazil, India
and Indonesia saw significant levels of concessional
finance for renewables, although data limitations
prevent the breakdown of finance volumes by country.
Concessional finance was often provided for projects
aimed at strengthening transmission and distribution
networks, which in some areas can be harder to
finance through purely commercial capital, whereas
grant financing favoured hydropower and solar
financing, particularly off-grid solar PV for electricity
access in low-income rural areas (see Box 1). Data
limitations potentially play a role in understating the
level of grants and concessional finance; however,
conventional debt and equity are likely the most
prominent financing instruments because of the
private sector’s dominance of renewable energy
financing.

Photo Credit: Voyagerix
Shutterstock.com
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Box 1

Renewable energy finance and electricity access

The report Understanding the Landscape: Tracking Finance for Electricity and Clean Cooking Access in
High-Impact Countries (SEforALL, 2017) looked at investments in energy and clean cooking across 20
developing countries whose populations suffered from the highest deficits in energy access.
The report found that over the period 2013-2014, investment in renewable energy across the 20 countries
averaged more than USD 10 billion per year, with most finance providing electricity access of “Tier 3” or
above. The tiering system (Bhatia and Angelou, 2015) is a way of estimating the quality of electricity access
delivered, with “Tier 1” access offering electricity for a few hours a day, and “Tier 5” access reflecting
reliable, consistently available electricity capable of powering multiple appliances. The report also noted
that investment in decentralised electricity generation, required to bring electricity to rural populations,
totalled only USD 100 million annually. It is estimated that decentralised electricity will play a central role in
providing electricity to remote populations, and renewable energy can be well suited to this task (IEA and
World Bank, 2017).
The investment in renewable energy of more than USD 10 billion annually during 2013-2014 is more than
double the investment in fossil fuel power of around USD 4 billion per year. In India, for example, four times
more finance was committed to renewable energy generation than coal-fired power during this period.
Data tracking is imperfect, however, and can understate the true extent of fossil fuel financing. For example,
during 2013-2014 India brought into operation 17 GW of coal-fired power (reflecting investment in prior
years), roughly five times the capacity of renewable energy plants commissioned in the same period.
Overall, a shift from investment in fossil fuelled-power to renewable energy generation may already be
taking place in the developing world. This requires further research to verify.

Utility-scale assets account for the majority of
renewable energy finance globally, and utility-scale
solar (IFC, 2015) and wind (WEC, 2016) projects
typically are financed with a mixture of equity
and non-recourse debt.13 This is also true for most
established asset classes of scale, such as biomass
power, geothermal power and hydropower. Solar
water heaters often are financed with all-equity, while
the financing of rooftop solar PV varies by project.

Exact debt-to-equity ratios are not disclosed for most
transactions. In the absence of data, many databases
assume that projects are equity-financed using
the developing party’s balance sheet,14 which can
understate the role of lenders. This makes it difficult
to reach firm conclusions about the balance of debt
and equity funding for renewable energy as a whole;
however, some indicative conclusions are possible.
Given the high shares of solar PV and onshore wind
in total investment,15 average debt-to-equity ratios
across all projects where debt has been used16 are
presented in Figure 11.

13. “Non-recourse debt” is debt secured on the renewable energy asset; in the event of default the lender has no recourse to attempt to recover
amounts beyond the special purpose vehicle which owns the renewable energy asset.
14. See Mazzucato and Semieniuk (2017) for an analysis of the position in China.
15. The high number of projects also produces a larger sample size of projects with disclosed debt-to-equity ratios.
16. In order to present an estimate of the level of debt deployed on projects where debt is used, projects financed solely through equity are
excluded from these averages.
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Figure 11 Global average reported debt-to-equity ratios for solar PV and onshore wind, 2015-2016
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Average debt-to-equity ratios for solar PV were
broadly comparable across countries, ranging
between 60% and 70% for most nations in which
significant solar investment takes place (see Figure
12). Onshore wind shows a similar pattern, with debtto-equity ratios concentrated mainly in that same
range. The lower debt-to-equity ratio for projects
in India is largely reflective of the small number of

projects with disclosed debt-to-equity ratios. Wind
farms in China are commonly financed with an 80%
debt-to-equity ratio (Liu et al., 2015), with certain
outlier projects reducing the reported average. The
slightly lower than average debt-to-equity ratios
in the US possibly reflect contributions from tax
equity which reduce the wider requirement for debt
financing.

Figure 12 Average reported debt-to-equity ratios for solar PV and onshore wind by country, 2015-2016
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Although relatively few offshore wind transactions
reported their debt-to-equity ratios, in the UK and
China (the two countries with the largest share of
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offshore wind investment), debt levels were reported
at around 80% of the total transaction value.
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5. INVESTMENT BY SOURCE
Public and private finance target different results,
operate through different sources and instruments,
and show different geographic and technology trends.
These differences are explored below.
Private sources accounted for around 87% of
total renewable energy finance between 2013 and

2016, averaging USD 223 billion annually during
2013-2014 and USD 270 billion annually during
2015-2016, peaking at almost USD 300 billion in 2015
(see Figure 13).
The share of direct public investment17 varied at
between 12% and 16% of the total between 2013 and
2015 (averaging USD 40 billion), before dipping to 8%
in 2016 (USD 21 billion).

Figure 13 Public and private investment in renewable energy finance, 2013-2016
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However, significant public resources are allocated
every year to the implementation of a wide variety
of support policies to promote the deployment of
renewable energy, including regulatory instruments
and fiscal incentives (see Box 2).
In total, 147 countries had some kind of renewable energy
support policies in place at the end of 2016 (REN21, 2017);

Public

however, consistent data on government expenditures
for such policies are publicly available for only 27 Western
European countries18 and Japan.19 Based on these
data, such incentives have played an important role in
promoting renewable energy markets; in the Western
European countries considered, for example, about 50%
of the total electricity produced from renewables in 2015
was supported by renewable energy support schemes.

17. Excluding expenditures for feed-in tariffs and other policy support measures.
18. Data are available for 26 European Union member states (excluding Bulgaria and Slovakia) and for Norway.
19. IRENA has explored the availability of data on government expenditures for renewable energy support for more than 60 countries, covering
a variety of policy instruments including feed-in tariffs, feed-in premiums, auctions, tax credits and green certificates. Research has found
that for most countries such information is not publicly available. Furthermore, when data are available, they are often fragmented and not
homogeneous among countries.
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Box 2

Policies in support of renewable energy: status and trends

The number of countries promoting renewable energy through direct policy support has tripled from at least
48 in 2004 to at least 147 today, and more and more developing and emerging countries are adopting new
targets and policies for renewables. Although all policy instruments have been adopted by an increasing
number of countries in the period between 2005 and 2016, the trends in their adoption between 2005 and
2010 and between 2010 and 2016 differed (Figure 14).
Figure 14 Number of countries adopting renewable energy policies, by policy type, 2005, 2010 and 2016
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Public investments, loans and grants (mainly for research and development) have been consistently on the
rise and had been adopted by almost 100 countries by the end of 2016, up from only 17 in 2005. However,
because public investment is unlikely to supply more than 15% of the investment needed to achieve the
energy transition (IRENA, 2016), these instruments are increasingly used to attract private investment in
the sector.
Capital subsidies had been adopted by 50 countries by the end of 2010, up from 28 countries in 2005. Over
the following six years, however, this number increased to only 58 countries, indicating a general preference
for performance-based incentives such as feed-in tariffs, feed-in premiums and auctions.
Feed-in tariffs/premiums continue to be implemented in an increasing number of countries, but
developments in the sector – including falling costs and grid integration issues – have driven a preference
for auctions in the past six years, and the increase in the rate of adoption of auctions has been remarkable
(IRENA and CEM, 2015; IRENA, 2017c).
Finally, although tradable renewable energy certificates (RECs) have been instrumental in the deployment
of renewables in certain countries (in some European countries and Australia, for example), they remain
the least widely adopted instrument globally. This is mainly because RECs are tied to quota obligations
and because they depend on the existence of a market for the certificates, which requires a highly robust
regulatory and institutional framework.
Source: IRENA, IEA and REN21, forthcoming.
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To provide a better understanding of the impact of
such policies on government budgets, available data
show that in Western Europe annual expenditures for
renewable electricity support20 totalled at least USD
66 billion21 in 2015 (CEER, 2017), while direct public
investment amounted to just over USD 14 billion (see
section 5.2). When government support expenditures
are taken into account, the share of public financing in
Western Europe in 2015 increases to over 55% of total
renewable energy investment, compared to almost
20% if only direct public investment is considered.

Germany and Italy alone accounted for nearly 60% of
the total annual expenditures for renewable electricity
support in Western Europe in 2015, investing USD 25
billion and USD 13 billion, respectively. Not surprisingly,
44% of the total support expenditures targeted
electricity generated from solar, followed by onshore
wind and biomass energy, which each accounted
for 23% of the total. Nearly 70% of the total support
expenditures came from feed-in tariff and feed-in
premium schemes, although green certificates played a
major role in Belgium, Poland and the UK (see Figure 15).

Figure 15 Total expenditures for renewable energy support in the European Union and Norway by support scheme, 2015
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Note: The “other” category includes other policy support mechanisms as specified by individual countries. In the case of Spain, this
includes investment return and operation return for existing plants.
Based on: CEER, 2017

Comparable data are available for Japan, as published
by the Japanese Renewable Energy Institute
(2017). These data show that in 2015, the Japanese
government spent over USD 6 billion for the feed-in
tariff scheme, compared to direct investment of less
than USD 450 million (see section 5.2).

5.1 Private investment
Private finance originates from project developers,
corporations, commercial financial institutions,

households and institutional investors, as well as from
private equity, venture capital and infrastructure funds.
Project developers contributed an annual average of
40% of total private investment in renewables (just
under USD 100 billion per year) between 2013 and
2016. This was driven mostly by developers in China,
Japan, the UK and the US. Commercial financial
institutions accounted for an average of 23% of the
investment share between 2014 and 2016 (up from
14% in 2013), hitting a high of USD 69 billion in 2015.

20. Including feed-in tariffs, feed-in premiums and green certificates.
21. Due to data availability, this excludes government support expenditures in Bulgaria, Iceland, the Slovak Republic, Switzerland and Turkey.
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The share of corporate actors, often producing
electricity for self-consumption, fell by nearly
half from 27% (USD 52 billion) on average during
2013-2014 to 14% on average during 2015-2016,
peaking in 2014 at USD 56 billion. This was driven in
part by the decline in solar PV investments by Japanese
corporations from USD 23 billion in 2015 to only
USD 7 billion in 2016, likely in response to changes
in the feed-in tariff. Households, including high-networth individuals and their investment offices, also
were responsible for a large share of investment,
staying in the range of USD 30 billion to USD 40 billion
annually between 2013 and 2016, or an average of
around 16% of total private investments.

The shares of institutional investors and of private
equity/venture capital and infrastructure investors
remained at less than 1% each between 2013 and
2016 (see Figure 16), peaking in 2015 at around
USD 3 billion and USD 2 billion, respectively. Notably,
the role of such sources might be underreported,
as the data presented here capture only primary
greenfield financing and exclude re-financing,
acquisitions or secondary market activities. Further
work is needed to provide a better understanding of
the role of institutional investors in renewable energy
financing.

Figure 16 Private investment in renewable energy by investment source, 2013-2016
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5.2 Public investment
The main providers of public finance for renewable
energy are donor governments and their agencies,
climate funds and development finance institutions.
DFIs (national, multilateral and bilateral) accounted for
the majority of public investment between 2013 and
2015, an average of USD 35 billion or 85% of total public
investment over this period (see Figure 17). In 2016,
however, the contribution of DFIs declined sharply to
USD 16 billion, or 73% of total public finance. This was
due mainly to a drop in national DFI expenditures, which
averaged USD 15 billion during 2013-2014, peaked at

2015

2016

Corporate Actor

Households

Corporate end-user

Utilities

Institutional investors

USD 23 billion in 2015, and fell to USD 4 billion in 2016.
A plausible explanation for this decline is that national
DFIs in emerging markets, particularly in China, have
sharply reduced investments due to economic volatility,
including currency devaluations against the US dollar
(Buchner et al., 2017). The spending of multilateral
DFIs on renewable energy also fell, from an average of
USD 14 billion during 2013-2014 to an average of USD 9
billion during 2015-2016.
The decline in DFI investment was evident in onshore
wind, where funding fell from a high of USD 6 billion
in 2014 to less than USD 2.5 billion in 2016. The
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largest reduction came in the “other” category –
encompassing advisory work in support of renewable
energy infrastructure, investment in community
programmes, upgrades to grid infrastructure and
mixed renewable technologies – which accounted for
84% of the 2015-2016 decline (USD 17 billion).
Financing by governments and their agencies
increased from USD 3 billion in 2013 to around
USD 4 billion in both 2015 and 2016, peaking at

USD 7 billion in 2014. Financing by state-owned
enterprises averaged 24% (USD 9.3 billion) of public
finance in 2013, falling to 14% (USD 7 billion) in
2014 as wider renewable energy investment also
increased. In 2015 and 2016 financing by state-owned
enterprises averaged 32% of total public finance,
falling in absolute terms in 2016 as investment by
such enterprises in China declined from 2015. The
role of state-owned enterprises is explored further
in Box 3.

Figure 17 Public investment in renewable energy by investment source, 2013-2016
USD billion
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Photo Credit: Ryan Janssens
Shutterstock.com
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Box 3

The role of state-owned enterprises in mobilising renewable energy finance

Research on the role of state-owned enterprises in renewable energy finance is relatively scarce, with these
enterprises being presented as both a positive and a negative influence on stimulating investment (OECD,
2017). State-owned enterprises typically enjoy preferential access to credit and other factor inputs compared to
their private counterparts (Bureau of Economic and Business Affairs, 2017). In China, the implicit government
guarantees lower the borrowing cost for state-owned enterprises by 1-2 percentage points and increase their
credit rating by 4-5 investment grades (IMF, 2016).
More than 70% of the global state-owned enterprises analysed in this report (around 180 entities) enjoy a credit
rating that is either similar to that of their parent government (42%) or one investment grade lower (30%).22 Strong
credit ratings, potentially derived from implicit government guarantees, are likely to drive commercial lending to
projects as lenders see projects backed by state-owned enterprises as less likely to default.
China dominates renewable energy spending by state-owned enterprises, accounting for an annual average
of almost 80% of global financing from these enterprises between 2013 and 2016, peaking at USD 8.2 billion in
2015. India, too, is noteworthy, accounting for 5% of total financing by state-owned enterprises between 2015
and 2016. This could be a result of the ambitious 175 GW renewable energy target set by the Indian government
for 2022 (NITI Aayog, 2015).
As with the wider renewable energy picture, investment in wind and solar by state-owned enterprises dominates
other technology types. Direct renewable energy investments by these enterprises averaged around USD 9
billion between 2013 and 2016, peaking at more than USD 11 billion in 2015 (Figure 18), driven by increased
capacity additions and investments in China. The sharp decline in total renewable energy financing (24%) in 2016
also was reflected in a fall (30%) in investments by state-owned enterprises that year.
In the majority of investments tracked, state-owned enterprises contributed equity to a project. Adding the
third-party debt finance leveraged by the projects,23 these enterprises mobilised a peak of almost USD 40 billion
in 2015 – more than 10% of the total global investment in renewable energy that year.
Figure 18 Annual renewable energy investment by state-owned enterprises, 2013-2016
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Almost 90% of the investment by state-owned enterprises, averaging USD 8 billion, was spent in-country.
By contrast, on average less than USD 1 billion of the direct investment by these enterprises (11% of their
total investment) was dispatched outside the country of origin during 2013-2016, amounting to less than
half of one percent of global investment annually, on average. State-owned enterprises therefore should
be viewed largely as domestic actors.
22. Any entity in which a government held an ownership stake above zero was considered for this analysis.
23. Data on which entities provided debt to projects is often not forthcoming. For a given renewable energy project the entity providing debt
may also be a state-owned enterprise, particularly in China which accounts for the majority of investments led by these enterprises. As
a result, this report presents both finance which can be directly attributed to state-owned enterprises but also total financed mobilised
by the initial equity financing, including any third-party debt.
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5.3 Regional investment by source
In 2015, 42% (USD 17 billion) of public finance for
renewable energy was sourced from Western Europe,25
a share that fell to 34% (USD 7 billion) in 2016. The Latin
America-Caribbean region contributed on average
USD 6.9 billion (17% of the total) between 2013 and
2015, but this amount decreased by more than half in
2016 to reach USD 2.6 billion (12% of the total).

By comparison, 38% of private renewable energy
finance (USD 113 billion in 2015 and USD 91 billion
in 2016) originated from the East Asia-Pacific
region, primarily China (see Figure 19). The other
major contributors of private finance were Western
Europe with an average USD 56 billion during 20152016 (20% of the total), and the US with an
average of USD 48 billion during 2015-2016 (18% of
the total).

Figure 19 Public and private investment in renewable energy by region of origin, 2013-2016
USD billion
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Western Europe remained the largest destination26
of public renewable energy finance with around
USD 14 billion invested annually during 2013-2015,
accounting on average for around 36% of the total.
However, this financing fell by more than half in 2016
to USD 6 billion (27%), in line with the overall decline
in public finance. The Latin America-Caribbean region
accounted on average for around 22% (USD 9 billion)
of public investment during 2013-2015, a share that
fell to 15% (USD 3 billion) in 2016. The biggest increase
has been in the East Asia-Pacific region, where the

share of public renewable energy finance increased
from below 5% (USD 1.8 billion) on average during
2013-2014 to almost 21% (USD 8.5 billion) in 2015.
In 2016, the region’s share fell to 11% of the total, or
USD 2.4 billion.
With regard to private investment in renewables, the
East Asia-Pacific region was the largest destination
(see Figure 20), averaging USD 100 billion (37%)
during 2015-2016, followed by Western Europe
averaging USD 55 billion annually during this period.

25. See Table 2 in the Annex for a full list of countries.
26. The destination of finance is defined as the region or country in which the renewable energy asset is ultimately constructed and the investment
is made.
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Figure 20 Public and private investment in renewable energy by region of destination, 2013-2016
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On average, 93% of the private investment in renewable
energy stayed within the country of origin between
2013 and 2016 (see Figure 21), reflecting the strong
domestic investment preferences of private actors. By
contrast, 2013 and 2014 saw an almost equal split of
public investment between in-country financing and
international financing. In 2015, however, an increased

proportion of public investment (65%) remained in the
country of origin, due mainly to significant financing
from national DFIs in that year (see above), given
their strong domestic investment preferences. In 2016
the trend reversed, with 66% of public investment
destined for countries outside the state of origin,
reflecting increased multilateral DFI financing.

Figure 21 Domestic and international investment in renewable energy by source, 2013-2016
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Because public investment comprises primarily
concessional funding and commitments from
international development banks, no particular
technology is prominent (unlike the dominance of solar
and wind power in private investment) (see Figure 22).
However, hydropower, solar and wind command around

one-third of the average annual public investment. By
contrast, private investment in solar and wind (onshore
and offshore) accounted for, on average, 90% of total
private finance between 2013 and 2016. This reflects
the maturity of many renewable technologies where
private capital is the default source of finance.

Figure 22 Public and private investment in renewable energy by technology, 2013-2016
USD billion
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Note: The “other” category in public finance represents a range of projects including advisory work in support of building renewable
energy infrastructure, investment in community programmes, upgrades to grid infrastructure and mixed renewable technologies.

DFIs play an important role in renewable energy
finance, providing capital where the private sector may
initially be reluctant to extend finance due to political
risk or other factors. IRENA (2016) has explored the
role of the public finance institutions and identified a
portfolio of measures, instruments and tools that can
be used in combination to mobilise private investment
at scale (see Box 4).

Photo Credit: Kristian Forkel
Shutterstock.com
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Available data suggest that DFIs generally issue nonconcessional loans as their preferred form of capital,
averaging almost 85% of total financial instruments
by value between 2013 and 2016 (see Figure 23). This
is possibly because DFIs may lend to projects that
are commercially viable at the project level but that
suffer from political or country risk, which discourages
purely private capital.
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Figure 23 DFI preferred financing instrument by share of total finance deployed, 2013-2016
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Although most DFIs appeared to favour loans,
there is evidence of increasing use of risk mitigation
instruments in Africa and Asia. During 2013-2016, DFIs
deployed USD 793 million27 worth of risk mitigation
instruments in Asia, or 42% of all risk mitigation
instruments deployed by value over the period. These
instruments were targeted mainly at large hydropower
(USD 460 million) and onshore wind (USD 102 million),
with USD 171 million of instruments also deployed to
support geothermal energy in 2015.

DFIs also deployed risk mitigation instruments in Africa,
accounting for 30% (USD 552 million) of the total value
of such instruments tracked during 2013-2016. In contrast
to Asia, these instruments were deployed primarily to
support onshore wind (USD 190 million) and CSP projects
(USD 155 million during 2013-2016). These instruments
likely have played an important role in establishing
renewable energy investment in countries that have a
limited track record of renewable energy projects.

Photo Credit: Harvepino
Shutterstock.com

27. Given data gaps, the true number for both Asia and Africa is likely to be higher.
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Box 4

Unlocking renewable energy investment

The global energy transition requires a significant increase in renewable energy investment compared to current
levels. Although renewable energy technology costs have been falling progressively, underlying market barriers
and a perception of high risk still constrain the development and financing of renewable energy projects in many
parts of the world.
Since public resources are limited, most of the new investment in renewables must come from the private sector.
Hence, scaling up renewable energy investment will depend on the ability of policy makers and public finance
institutions to address different investment constraints and crowd in private finance.
IRENA’s report Unlocking Renewable Energy Investment: The Role of Risk Mitigation and Structured Finance
(2016) identifies the main risks and barriers to renewable energy investment, and provides policy makers and
public finance institutions with a strong portfolio of measures, instruments and tools (see Figure 24) that can be
used in combination to mobilise private investment at scale.
Figure 24 Policies, tools and instruments that reduce renewable energy barriers and mitigate risks
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Source: IRENA, 2016

Enabling policies and tools create stable and predictable investment environments, help overcome barriers
and ensure predictable project revenue streams. While grant funding and project preparation facilities
can support the project development process, non-financial interventions such as project initiation and
facilitation tools can help improve renewable energy market transparency and liquidity. Debt-based
instruments, such as on-lending and co-lending structures, can help local finance institutions overcome key
barriers, especially limited access to capital and low experience in lending to renewable energy projects.
Risk mitigation instruments (i.e., guarantees, currency hedging instruments and liquidity reserve facilities)
can be used by public finance institutions to effectively mobilise private investment, while at the same time
reducing the public capital requirements.
Finally, structured finance mechanisms and tools can be used to make renewable energy projects more
accessible to mainstream investors. For example, standardisation of project documents and aggregation
are important mechanisms allowing smaller projects to be pooled together. In turn, tools such as green
bonds and yieldcos can help open capital market access and attract greater liquidity and long-term finance
into the renewable energy sector
The ability to move the energy transition fast enough will ultimately depend on how different actors in
developed and developing countries, and in public and private sectors, will redirect action to what is
required. IRENA’s report provides case studies and practical recommendations for policy makers and
development and climate finance institutions to overcome renewable energy investment constraints and
effectively mobilise private capital. In particular, the creation of dedicated risk mitigation financing facilities,
tailored to the needs and specificities of renewable energy projects, could significantly accelerate the
necessary growth in investment.
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6. OUTLOOK
The finance landscape for the energy sector is poised
to change dramatically in the next few years. As costs
continue to come down, renewable energy will more
and more outcompete other energy technologies.
Once a tipping point, possibly already in 2020, is
reached and demand for other energy sources starts
to decline, financial markets will react very rapidly in
revaluing energy assets. This will be the basis for a
fundamental shift towards renewable energy finance.
Public policy and finance can help to accelerate this
transition and reduce the disruption it could have on
financial markets.
The initial efforts to deploy renewables were
driven by climate change and other environmental
considerations, and as countries strive to fulfil pledges
under the Paris Agreement, they are adopting
increasingly ambitious targets for renewables. The
need to scale up solar, wind, bioenergy and other
technologies to meet international climate goals
calls for unprecedented mobilisation of finance in the
sector. The rise in global mean temperature can be
limited to well below 2°C, if the share of renewables
in primary energy supply rises from about 15% in
2015 to about 65% in 2050, coupled with a significant
progress in energy efficiency. Such transformation
of the energy sector necessitates a total of USD 25
trillion to be invested in renewables in the period up to
2050, implying approximately a tripling of the current
annual investments (IRENA, 2017b).
IRENA (2016) finds that this is entirely possible, so
long as policy makers and public finance institutions
employ a portfolio of approaches, financial
instruments and tools (see Box 4).
The rising pace of investment should foster continued
cost reductions across the renewable energy portfolio.
Private finance accounted for the bulk of renewable
energy investment in 2013-2016, a trend that looks
set to continue in the years ahead. To reach the scale

required, institutional investors will need to be drawn
into the renewable energy sector at scale, as they
divest from fossil fuel installations that risk becoming
stranded assets. Yet public finance will remain
important to cover early-stage project development
risk and spur initial investment, especially in developing
countries where there is little track record of successful
renewable energy investment. The focus of public
finance institutions should increasingly be on crowding
in additional private capital to scale up investment in
renewables. This can be achieved by extending the use
of risk mitigation instruments and structured finance
mechanisms, which can help address some of the risks
and barriers faced by private investors.
Costs for solar PV and onshore wind look set to fall
further in 2018 and beyond. Both technologies retain
a leading role in the renewable mix and could be
bolstered considerably by fast-improving battery
storage. Offshore wind – the only technology to grow
continuously through 2016 – looks likely to continue
in the same direction given the falling costs at recent
offshore wind power auctions.
Unless the costs of battery storage fall very rapidly,
concentrated solar power (CSP) technology could
possibly represent another game changer. Electricity
costs from CSP have fallen below those from power
plants using imported natural gas, with the latest
auction in Dubai setting prices as low as USD 7.3 cents
per kilowatt-hour (kWh) (Government of Dubai, 2017).
Coupled with its potential for 24-hour availability, CSP
has the potential for rapid growth.
What happens next will depend largely on
developments in China, the US, India and other
major markets for renewable energy investment. Yet
rising renewable energy markets, such as Argentina,
Indonesia, the Republic of Korea and Viet Nam, also
offer significant growth potential. In other emerging
economies in Africa, Asia and Latin America,
exponential increases in domestic finance could boost
future renewable energy investment.
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ANNEX
Table 2 shows the regional grouping used for the analysis of the global landscape of renewable energy finance. The
designations employed do not imply the expression of any opinion on the part of IRENA concerning the legal status of any
region, country, territory, city or area or of its authorities, or concerning the delimitation of frontiers or boundaries.
Table 2

Regional grouping used for the analysis in this report

Region

Technology

Middle East and
North Africa

Algeria, Bahrain, Egypt, Iran (Islamic Republic of), Iraq, Jordan, Kuwait, Lebanon, Libya,
Morocco, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, United Arab Emirates,
Yemen

Sub-Saharan Africa

Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cabo Verde, Central
African Republic, Chad, Comoros, Congo, Côte d’Ivoire, Democratic Republic of the
Congo, Djibouti, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea,
Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius,
Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, Senegal,
Seychelles, Sierra Leone, Somalia, South Africa, South Sudan, Sudan, Swaziland, United
Republic of Tanzania, Togo, Uganda, Zambia

South Asia

Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri Lanka

East Asia and Pacific

Brunei Darussalam, Cambodia, China, Cook Islands, Democratic People's Republic of
Korea, Fiji, Indonesia, Kiribati, Lao People’s Democratic Republic, Malaysia, Marshall
Islands, Micronesia (Federated States of), Mongolia, Myanmar, Nauru, Niue, Palau, Papua
New Guinea, Philippines, Samoa, Singapore, Solomon Islands, Thailand, Timor-Leste,
Tonga, Tuvalu, Vanuatu, Viet Nam

Central Asia and
Eastern Europe

Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Belarus, Bulgaria, Georgia,
Kazakhstan, Kyrgyz Republic, Latvia, Lithuania, The former Yugoslav Republic of
Macedonia, Republic of Moldova, Montenegro, Romania, Russian Federation, Serbia,
Tajikistan, Turkmenistan, Ukraine, Uzbekistan

Latin America and
Caribbean

Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia (Plurinational
State of), Brazil, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador,
El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Nicaragua, Panama,
Paraguay, Peru, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines,
Suriname, Trinidad and Tobago, Uruguay, Venezuela (Bolivarian Republic of)

Western Europe

Austria, Belgium, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, United
Kingdom of Great Britain and Northern Ireland

OECD Americas

Canada, Chile, Mexico, United States of America

OECD Asia

Israel, Japan, Republic of Korea

OECD Oceania

Australia, New Zealand
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