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REN21 is a global multi stakeholder network dedicated
to the rapid uptake of renewable energy worldwide.

Science & Academia: International

Fundacion Bariloche, I1ASA, ISES, Organisations:

NGOs: MREL, S AR, TES, ADB, APERC, ECREEE
CAN, CEEW, FER, GACC, ! ! !

EC, GEF, IEA, IRENA,
RCREEE, UNDP,

GFSE, Greenpeace
International, ICLEI,
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WCRE, WFC, WRI, WWF World Bank
Industry Associations: National

Governments:
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REN21 Renewables 2017 Global Status Report
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RENEWABLES 2017

=> The report features:

* Global Overview
* Market & Industry Trends

e Distributed Renewable Energy for Energy
Access

* Investment Flows
* Policy Landscape

* NEW: Enabling Technologies and Energy
Systems Integration

* Energy Efficiency
Feature: Deconstructing Baseload
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REN21 Community

GSR Network:

=> Over 800 active o
contributors and @
reviewers

l

Tracking 155 countries

l

Covering 96% of global

GoP REN21 COMMUNITY

=> Representing 96% of

gIObaI pOpU|ation Tracking 155 countries
Covering 96% of giobal GDP
1~
B ) Represanting 96% of giobal population
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REN21 Renewables Interactive Map

REN21 Interactive Map

—> Research tool for tracking the
development of renewable
energy worldwide

Background | Howtocontribute | Contributors |  Help

= Complements perspectives and
findings of REN21’s Global and
Regional Status Reports with
infographics and detailed,
exportable data packs

www.ren21.net/map
| Sopic = Tediimolgy Renewables Irtel'asi:iiar::p;iw
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http://www.ren21.net/map

Another extraordinary year for renewable energy

Total global capacity was
up 9% compared to 2015,
to more than 2,016 GW at
year’s end (920 GW not
including hydro)

=> Solar PV - 47% of newly
installed renewable
power capacity in 2016

=> Wind - 34%

=> Hydropower - 15.5%

2015 2016
New investment (annual) in renewab v d bilfion USD 312 2416
Renewable pow pacity (total, not including hydro) 85 o1
Renewable power capacity (total, including hydro) 156 2,017
B Hydropower capacity on 1,006
E1 Bio-power cz 106 12
£ Bio-power generation (annual) V 504
erm GV 13.5
PV capacit GW 303
ent - wer cap GV 4.8
EN Wind power capacity G 487
hot water capaci GV 456
3 Ethanol production (annual) biflion itres 98.6



Renewable Energy in the World

As of 2015,
renewable
energy provided
an estimated
19.3% of global
final energy
consumption

Estimated Renewable Energy Share of Total Final Energy Consumption, 2015

Fossil fuels

78.4%

Hydropower
3.6%

Wind/solar/biomass/ Biofuels
geothermal power for transport

1.6%| 10.8%

Nuclear power

2.3%
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Renewable Energy in the World

Growth in Global Renewable Energy Compared to Total Final Energy Consumption,

2004-2014

Share of TFEC
20%

@ Energy demand (TFEC)

Combined renewables

15%

@ Traditional biomass

Modern renewables
10%

—

All renewables,
excluding hydropower

W Hydropower 5%

M Traditional biomass

Fossil and nuclear energy

0%

A4

Average
10 year

growth rates

~

Total Final Energy Consumption
(Exajoules)

400

_ 300

Modem
renewables:
growing at more

than twice the
rate of
demand

Traditional
biomass:

growing at only
half the rate
of demand

2004 2005 2006
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2009

2010

2011 2012 2013 2014
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Source: based on IEA World Energy Balances, 2016.
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Renewable Energy “Champions”

Annual Investment/Net Capacity Additions/Production in 2016

1 2 a3 4 5
Investment in renewable power and fuels . : Y
(not including hydro > 50 MW) China United States  United Kingdom  Japan Germany
Investment in renewable power .
and fuels per unit GDP' Bolivia Senegal Jordan Honduras Iceland
Geothermal power capacity Indonesia Turkey Kenya Mexiko Japan
B Hydropower capacity China Brazil Ecuador Ethopia Vietnam
Solar PV capacity China United States  Japan India United Kingdom
Concentrating solar thermal power . :
(CSP) capacity? South Africa  China - - -
Wind power capacity China United States  Germany India Brazil
Solar water heating capacity China Turkey Brazil India United States
03 Biodiesel production United States Brazil Argentina/Germany/Indonesia
@ [3 Fuel ethanol production United States ' Brazil China Canada Thailand
o --_"“‘\\ .
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Renewable Energy “Champions”

Total capacity or generation as of end-2016

1 2 3 4 5
Renewable power (incl. hydro) China United States Brazil Germany Canada
Renewable power (not incl. hydro) China United States  Germany Japan India
Renewable power capacity per capita Sweden/ : :
(among top 20, not including hydro?) Iceland Denmark Germany Spain/Finland B
Biopower generation United States China Germany Brazil Japan
Geothermal power capacity United States Philippines Indonesia New Zealand Mexico
B Hydropower capacity® China Brazil United States  Canada Russian Federat.
Hydropower generation? China Brazil Canada United States Russian Federat.
CSP Spain United States India South Africa Morocco
Solar PV capacity China Japan Germany United States Italy
Solar PV capacity per capita Germany Japan ltaly Belgium Australia/Greece
Wind power capacity China United States  Germany India Spain
Wind power capacity per capita Denmark Sweden Germany Ireland Portugal
Solar water heating collector capacity® China United States  Turkey Germany Brazil
Solar water heating collector .
capacity per capita® Barbados Austria Cyprus Israel Greece
Geothermal heat capacity © China Turkey Japan Iceland India
Geothermal heat capacity per capita © Iceland New Zealand Hungary Turkey Japan

RENZ21

Renewable Energy
Policy Network
for the 21st Century
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Power Sector

By ye ar’s en d, Estimated Renewable Energy Share of Global Electricity Production, End-2016

renewables
comprised an
estimated 30% Non-renewable electricity Wirid s
of the world’s 75.5% Hycropovier 4.0%
sower 16.6%
generating . Lo
capacity and —
24.5% of global - ?522
Zlectriccijtv r

eman 0.4%
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Power Sector

Renewable Power Capacities in World, BRICS, EU-28 and Top 6 Countries, 2016

Gigawatts

1000
By the end of 92l Sigatuatt

900 300
2016, China was 0 . - N
home tO more w50 | | 250 — geothérmal power

B Bio-power
than one-quarter . Solar PV
B Wind power
of the world’s o0 s
150
renewable power 400 =
) 333 54 98

CapaC|ty 300 = == lr__ ________ e e

200 i

! s oL 46
B — 0 — . l=—]
V‘I\'/Otr‘? BRICS EU-28 China g?i{ed Germany Japan India Italy
Note: Not including hydropower.
- REN21 5"
@-.H REN21 Renewables 2017 Global Status Report EA
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Heating and Cooling

Modern renewable energy supplies approx.
9% of total global heat demand.

In 2016, the vast majority of

renewable heat continued to be supplied
by biomass, with smaller contributions
from solar thermal and geothermal
energy.

Deployment of renewable

technologies in this market continued to
be constrained by factors such as
comparatively low fossil fuel prices and a
relative lack of policy support.

2 e
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Transport

In 2016, liquid biofuels provided around 4% of
world road transport fuels, which account for
the majority of transport energy use.

Biogas use in transport grew substantially in
the United States and continued to gain shares
of the transportfuel mix in Europe.

Further electrification of the transport sector
has the potential to create a new market for
renewable energy and to facilitate the
integration of variable renewable energy.
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Renewable Energy Policy Landscape

176 countries
had renewable
energy targets

126 countries
had power
policies

68 countries
had transport
policies

21 countries
had heating and
cooling policies

Number of Renewable Energy Regulatory Incentives and Mandates, by Type, 2014-2016

Number of countries
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H&C Transport

2015

Countries
with Power
Policies

Countries
with

— Transport
Policies

Countries with
Heating and
Cooling (H&C)
Policies

2016

Power Policies

Feed-in tariff/premium
payment

B Tendering
B Net metering

B Renewable portfolio
standard (RPS)

Heating and
Cooling Policies

Solar heat obligation

B Technology-neutral
heat obligation

Transport
Policies

Biodiesel obligation/
mandate

Ethanol obligation/
mandate

| Non-blend mandate

E 21 Ren ewame: nergy
I a I J Tor e Brer Cen( ry

L O~ |

Source: REN21 Policy Database.
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Renewable Energy Policy Landscape

Auctions are the
most rapidly
expanding form of
renewable energy
policy support.

Renewable energy
auctions held in 34
countries in 2016 —
more than double
the year before

REN21 Renewables 2017 Global Status Report

Countries with Renewable Energy Power Policies, by Type, 2016

Countries with
policies at start-2016 r

Countries with policies r r
at start-2016 and that added C
a policy/policies in 2016 r r

Countries without policies r
at start-2016 and that added
a policy/policies in 2016

State/provincial
(not national) policies

Countries that held renewable
energy-only tenders in 2016

Countries with
no policy or no data

ountries are
ciesin place as well.
cial level.

state/provincial

o
east one nat ate/
e polic!

ast one
s have no poli

se countries
el but have at

y at the

REN21%:

Source: REN21 Policy Database.
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Renewable Energy Policy Landscape

Countries with Renewable Energy Heating and Cooling Policies, 2016

Most support for
renewable heating
and cooling was
provided through Sh o
financial NN

incentives (grants, t*
loans, rebates, tax N

. . oy
I n Ce nt Ive s ) Countries with solar obligation ///
and other policy/policies 4 /
. Countries with technology- ///
4
v

neutral obligation

Countries with technology-
neutral obligation and
other policy/policies

- Countries with other
direct support policies*

A

State/provincial (not national)
policy/policies

Countries with no policy or no data

* Indicates countries with other policies that directly support renewable heating and cooling technologies, including rebates, tax credits, FITs, tenders, etc.

Note: Figure show: port regulatory policies and financial incentives for renewable heating and co
Countri en at least one national-level policy is in place; these countries may have state/pr

policie: ce \< Diagonal lines indicate that countries have no policies in place at the national level but have at least one 3 .<
the state/provincial level. R E N 21 2:.’:57&”.‘&?&’“
@ REN21 Renewables 2017 Global Status Report 0

« Source: REN21 Policy Database.
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Renewable Energy Policy Landscape

. Countries with Biofuels Obligations for Transport, 2016
Biofuel blend © P

mandates and

financial support

for biofuel blending

programmes are

most common 3
forms of support ‘ N\ @

Countries with obligations

et oo T
for renewable iz :

Countries that added obligations ‘
during 2013-2015

e n e rgy i n tra n S po rt . Countries that increased existing

obligations in 2016

Countries that added obligations
in 2016

Countries with
no policy or no data

Note: Figure shows countries with biofuels obligations in the transport sector. Countries are considered to have policies when at least one national-leve
policy is in place; these countries may have state/provincial-level policies in place as well. Bolivia, the Dominican Republic, the State of Palestine and
Zambia added obligations during 2010-2012 but removed them during 2013-2015

[~ REN21 Renewables 2017 Global Status Report O]~

& . Source: REN21 Policy Database.
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Carbon Pricing Policies

Carbon pricing
policies were in
place in 57
jurisdictions
worldwide in 2016

Carbon
Pricing
Policies,
2016

British Columbia —g

California —@
Mexico—=
Chile —§
®— Québec
Vermont

|
L
New Hampshire —@ @—Maine
Connecticut —@ ®— Massachusetts

@ ®—Rhode Island
Maryland —@ @ |
New York

Delaware

Regional Emissions Trading System
(ETS) (EU-28-plus)

Both regional ETS (EU-28-plus)
and national carbon taxes

REN21 Renewables 2017 Global Status Report

Iceland

Colombia
Norway % e
Denmark — ‘ weden
=Finland
Germany inlan
: 2
Netherlands | ol Esiom a
Luxembourg L lﬁL '(n.m
& — Lithuania
Ireland —= 2 » ! e
R \ @~ Czech Republic
France Slovakia
Hungary

Spain

| £ g Fomania

Portugal vy =N\ T~ Bulgaria
Switzerland Croatia \ ~ Cyprus
Liechtenstein b Greece
Austria Slovenia
Italy
National ETS

National carbon taxes

Both national ETS
and carbon taxes

}—Japan
New Zealand
Beijing —@ Saitama
o—Tianjin  kyoto J
Chongging Hubei (4
| e ( el J

{ ]
L shanghai ~ Tokyo

Guangdong —e@
®— Shenzhen

@ Sub-national ETS
@ Both sub-national ETS and carbon taxes

Sub-national carbon taxes

Renewable Energy
Policy Network
for the 21st Century
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Jobs in Renewable Energy

The renewable
energy sector
employed

9.8 million people
in 2016 -a 1.1%
increase over
2015

Jobs in Renewable Energy

ke Bloenergy

sssssssssssss

Geothermal

Solar energy
solar PV, CSP, solar
heating/cooling

E Wind power

Hydropower
(small-scale)

P9 Hydropower
(large-scale)

= 50,000 jobs

peee e 0eeee

8.3 mitlion + 1.5 miltion

REN21 Renewables 2017 Global Status Report

World 9 8 o
Total: <J.Q million jobs

nnnnnnnnnnnnnnn
uuuuuuuuuuu
nnnnnnnnnnnnnnnnn
1 o~
'~ i

Source: IRENA.
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Global Investment in Renewable Energy

Global new
investment in
renewables was
USD 241.6 billion
in 2016

For the fifth
consecutive year,
investment in new
renewable power
capacity was
roughly double
that in fossil fuel
capacity.

Global New Investment in Renewable Power and Fuels, Developed, Emerging and
Developing Countries, 2006-2016

World Total
Billion USD e M World total
242 billion USD ,
350 Developed countries
312 China
300 M Other developing
countries

250
200
150 e Growth
11 0 ) 0 2015-2016
] 9 S I~
100 L & 0 ! ! S b=
- — o0

|
} 125

& .
g B F

O,
2006 2007 2008 2009 2010 20Mm 2012 2013 2014 2015 2016 14 A’
Note: Figure does not include investment in hydropower projects larger than 50 MW. Investment totals have been rounded to nearest billion.
REN2155=T,
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Source: BNEF.
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Global Investment in Renewable Energy

Global New Investment in Renewable Power and Fuels, by Country and Region, 2006-2016

W United States
aikon USD

°
[&]
W United States < P N A
// A S 0  China
y \ \

Americas ) /
(excl. United States & Brazil) {
N

Americas (excl. United States & Brazil)

Brazil

Sox s g a ¥ ooy
i = E W Africa & Middle East ailn Uso
n 8 g

¥ India

- I
,,,,,

Note: Data include government and corporate R&D.

@H REN21 Renewables 2017 Global Status Report

® China
tion USD

Source: BNEF.
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Global Investment in Renewable Energy

Solar and wind
power continue
to lead for
money
committed
during 2016,
each accounting
for roughly 47%
of total
investment

Global New Investment in Renewable Energy by Technology, Developed and Developing Countries, 2016

Solar power

E Wind power

= F
. | Bio-power

W Small-scale
et hydropower

)| Biofuels
v

Geothermal
power

Ocean energy

Billion USD

I

16.9 I

5.2
W16

0.2
I 3.4

1.8
I 0.5

0.8
2.0

0.2
[ 0.011

0 10 20

REN21 Renewables 2017 Global Status Report

l il 51.9

Developed countries
China

| Other developing countries

40 50

Change relative to 2015

56.2 o
57.5 - 34%

1606 _go
0%

0%

-37%

+17%

-7%

60

Source: BNEF.

RENZ21
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Renewable Energy
Policy Network

for the 21st Century

A= &




Global Investment in Renewable Energy

An estimated USD
249.8 billion was
committed to
constructing new
renewable power

plants, compared to:

= Fossil fuel
capacity: USD
113.8 billion

= Nuclear capacity:

USD 30 billion

Global Investment in Power Capacity, by Type (Renewable, Fossil Fuel and

Nuclear Power), 2012-2016

Billion USD

350
300
250 - ;
200

150 -l

100 —

50 A

0

Fossil and nuclear
Fossil fuel

M Nuclear
power

Modern renewables

—
Solar PV
W Wind power
- Large-scale
hydropower

Bio-power

W Other*

2012 2013

* CSP, geothermal, small-scale hydropower and ocean energy

REN21 Renewables 2017 Global Status Report

2014

2015

2016

Source: BNEF.
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Biomass Energy

Biomass
accounted for
14.1% of total
final energy
consumption

Shares of Biomass in Total Final Energy Consumption and in Final Energy Consumption,

by End-use Sector, 2015

Electricity Transport rl\]/lodern
H t:
Non-blo(r)nass 0.4% 0.8% inedaustry
85.9% 5 59,

Traditional

biomass

9.1%

Modern heat: buildings

1.2%

REN21 Renewables 2017 Global Status Report

s Tradmonal Modern M Non-

biomass biomass biomass
100%

@
75%
50%
25%
_—_—n 0%

Heating Heating Transport Electnuty
buildings  industry

REN21%
EIID
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Biomass Energy

Global Bio-Power Generation, by Region, 2006-2016

Global bio-
power capacity

Terrawatt-hours per year

increased 6% in o0 World Total
2016 to 112 GW 204 Terawatt-NoUrs - g e
Oceania
M Africa
400 M Europe (non EU-28)
o China
Generatlon 300 B South America
. B Asia
increased 6% to B North America
200 EU-28
504 TWh
100
2006 2007 2008 2009 2010 20Mm 2012 2013 2014 2015 2016
@__ ' REN21 Renewables 2017 Global Status Report
.
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Biomass Energy

Global biofuels
production
increased 2% to
135 billion litres

The United States
and Brazil
accounted for
70% of all biofuels
between them

Global Trends in Ethanol, Biodiesel and HVO Production, 2006-2016

Billion litres

World Total

135 Billion Litres

150

W Hydrotreated

120 vegetable oil (HVO)
M Biodiesel (FAME)
Fuel ethanol
90
60
30

2006 2007 2008 2009 2010 20m 2012 2013 2014 2015 2016

REN21 Renewables 2017 Global Status Report
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Biomass Energy

Some Conversion Pathways to Advanced Biofuels

@ ))
FEEDSTOCK CT U
0}-0 Fermentation
Agricultural Pretreatment/ C5/C6 Ethanol,
residues Hydrolysis SUGAES butanol

Pretreatment and

hydrogenation

Municipal
wastes
. Pyrolysis Diesel jet fuel,
Pyrolysis y o"y gaséline
-~
Forestry
residues Syngas
fermentation Methanol
v Gasification Syngas Fischer-Tropsch
Ener ixed highe
cropgsy Catalysis/ Mlalc%h::g: J
refining

REN21 Renewables 2017 Global Status Report
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Geothermal Power and Heat

0.4 GW of new Geothermal Power Capacity Additions, Share by Country, 2016

geothermal power
generating
capacity came
online in 2016,
bringing the global
total to an
estimated 13.5 GW

Kenya
) 6%
Indonesia and

Mexico

Turkey were in the ’5"31”(7
| | u o
lead for new
installations
@ REN21 Renewables 2017 Global Status Report =0
ol ‘\\u -
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Geothermal Power and Heat

The United States Geothermal Power Capacity and Additions, Top 10 Countries, 2016

had the most
geothermal power

. Megawatts
generating 4000
capacity at the 3500
. Added in 2016
end Of 2016 Wlth 3,000 2015 Total
3.6 GW 2500
2,000
+205
1,500 T = —
1000 +16 +197
+29 +]1
500
0
United Philippines Indonesia  New Mexico Italy Turkey Iceland Kenya  Japan  Rest of
States Zealand World
@ REN21 Renewables 2017 Global Status Report
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Hydropower

Hydropower Global Capacity, Shares of Top 6 Countries and Rest of World, 2016

Total global
hydropower
capacity increased
United States
to 1,096 GW 972 tat
Canada

Global hydropower | 9%
generation reached
4,102 TWh — up by

{

3.2% over 2015
Rest of World
o
40%
[~ N REN21 Renewables 2017 Global Status Report
o \ °
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Policy Network
for the 21st C-nfury
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Hydropower

25 GW of new
hydropower
capacity was
commissioned in
2016

More than one-
third of new
capacity
commissioned in
China

Hydropower Capacity and Additions, Top 9 Countries for Capacity Added, 2016

Gigawatts
350

+8.9

300

250 B S S S e
200 . Added in 2016

1 2015 Total
150 !

! 50

------

50 +1.1
+2.0 +1.5 +1.0 +0.7 +0.6

+0.8

0

China Brazil Ecuador  Ethiopia Vietnam Peru Turkey Lao PDR  Malaysia

REN21 Renewables 2017 Global Status Report REE0

Source: |IEA PVPS.
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Solar PV

75 GW of solar PV Solar PV Global Capacity and Annual Additions, 2006-2016

capacity was added

worldwide
Gigawatts
=il World Total
. 303 Gigawatts
Global solar PV
capacity totaled 250 TR |
303 GW 200 i
177
150 137 . Previous
year's
99 capacity
Total 100 |
global 70
capacity
50 2340
16 43
16[ ? 6.6 =
0
2006 2007 2008 2009 2010 20Mm 2012 2013 2014 2015 2016
@ REN21 Renewables 2017 Global Status Report 20
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Solar PV

Solar PV Global Capacity, by Country and Region, 2006-2016
By end-2016:

=> Every continent

had installed at Gigawatts
350 = o
least 1 GW Word Tota
_) At I t 24 300 303 G'gawais Rest of World
eas . ik
countries had s80 . :U"'-Cd States
Japan
1 GW or more of & Garrnany
1 e i China
capacity 177 whing
— Atleast 114 =
countries had Total 100
more than sl
50
10 MW
. v 2006 2007 2008 2009 2010 20M 2012 2013 2014 2015 2016
N . REN2155,
%, — | REN21 Renewables 2017 Global Status Report REE0
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Policy Network
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Solar PV

Solar PV Global Capacity Additions, Shares of Top 10 Countries and Rest of World, 2016
Top 5 markets for
solar PV accounted

for about 85% of
additions
= China v
| incia 5, 5%
= United States
United Kingdom 2.7%
=> Japan Germany 2.0%
. Republic of Korea 1.1%
= India United States Australia 1.1%
. 20% Aestoforid Philippines 1:0%
= United 8% Chile 1.0%
Kingdom
@_H ' REN21 Renewables 2017 Global Status Report
® - \ °
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Solar PV

China added Solar PV Capacity and Additions, Top 10 Countries, 2016
34.5 GW (up 126%
over 2015), e 4345

increasing its total
solar PV capacity

70 ==

60 —_—

45% to 77.4 GW, ~ N
far more than that +86 115 41438
2015 UES B B
of any other total
30 f—
country . iy
+2
10 = ol 406 409 401
0
China  Japan Germany United Italy  United India France Australia Spain
States Kingdom
@ REN21 Renewables 2017 Global Status Report
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Solar PV

Demand is
expanding
rapidly for off-
grid solar PV, but
capacity of grid-
connected
systems is rising
more quickly

Solar PV Global Additions, Shares of Grid-Connected and Off-Grid Installations,

2006-2016

Share % of Installations
100

90

80 === =

70 === =

60 === =

50 |- .

40 . =

30 . —

20 . _

Grid-
connected
centralised

2006 2007

2008

2009
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Concentrating Solar Thermal Power (CSP)

110 MW of ¢ apa city Concentrating Solar Thermal Power Global Capacity, by Country and Region, 2006-2016

came online in 2016

y ) World Total
it 4.8 Gigawatts
Total global
capacity: 4.8 GW ’
, 4 = Spain

900 MW expected
to enter operation 2
during the course of
2017

United
States
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Concentrating Solar Thermal Power (CSP)

. CSP Thermal Energy Storage Global Capacity and Annual Additions, 2007-2016
Annual additions:

0.7 GWh
World Total
it 11.9 Gigawatt-hours
11.2
World total: i -y
11.9 GWh
8 f—
Previous
6.5 year's
All new facilities 6 = copacty
that came online 4 =2
incorporated Total
global 1.9
thermal energy Gapacty 2 -~ i
004 04 m
storage .
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Solar Thermal Heating and Cooling

Solar Water Heating Collectors Global Capacity, 2006-2016
Total capacity of

water collectors

. o Gigawatts-thermal World Total
increased by 5% 500 456 Gigawatts-thermal
to 456 GWth O
00 374 I B B
330
Solar heating and 300 285 — — H — =
cooling s 224
technologies . s HTHEEEEERERR
have been sold in o 12
ty 100 _— — — @ — | == =N - =N = EE
at least 127 capad Unglazed
. collectors
countries 0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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Solar Thermal Heating and Cooling

- Solar Water Heating Collectors Global Capacity, Shares of Top 12 Countries and Rest of World, 2015
Top 5 countries

for cumulative
capacity were:

- China

USA Brazil 2.0%
India 1.4%

-

= Tu rkey Australia  1.4%
Rest of World Austria 0.8%
—> Germany 10% srael  0.7%
-

B il Greece 0.7%
razi ltaly 0.7%

Japan 0.6%
4% § 3%

United Turkey Germany
States
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Solar Thermal Heating and Cooling

Gross additions: Solar Water Heating Collector Additions, Top 20 Countries for Capacity Added, 2016

36.7 thh tC;lgawaltts-
300
Gigawatts-
thermal Unglazed collectors
Slgnlflca nt ma rket 250 M ' Glazed (evacuated tube collectors)
. B Glazed (flat plate collectors)
gl"OWth IN: . ERE S % growth 2015/2016
—> Denmark: 84% e
150 - .
=> Mexico: 6%
06 |

= |India: 6%
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Solar Thermal Heating and Cooling

Residential sector Solar Water Heater Applications for Newly Installed Capacity, by Economic Region, 2015
accounted for 63% -
Share (%) of installations

Of tOta I i nSta I Ied 100 - — - ] I —— B Swimming pool heating
I I . - Domestic hot water systems
collector capacity at

the end of 2015 B

Large domestic hot water

systems - multi-family
houses, tourism and public
sector
60 M Solar combi systems -
domestic hot water and
space heating for single-
M a rketS and multi-family houses
oy e . B Others - solar district
transitioning to “ . = 1 Reting solr proces o,
large-scale systems
20 —
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Wind Power

Wind Power Global Capacity and Annual Additions, 2006-2016

55 GW of wind
power capacity
added clgawatts World Total
487 Gigawatts
500
433 |
64
Global total 100 370 - I
increased 12% to 310 [
487 GW 300 2_83 I@ Previous
238 %{ year's
198 =R capacity
200 iy
159 &2
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0
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Wind Power

The global wind
power market
contracted in
2016

China added most
new installations:
23.4 GW

Wind Power Capacity and Additions, Top 10 Countries, 2016

Gigawatts
200
+23.4
150 _
100
2015 +8.2
total
+5
50
+3.6
+0.7 416 +0.7 +2 +0.3
0
China United Germany India Spain United France Canada  Brazil Italy
States Kingdom
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Wind Power

Wind Power Offshore Global Capacity, by Region, 2006-2016
Global total:

4.4 GW
Gigawatts
° 14.4
2.2 GW of capacity 14 S K B =
connected to grid in , Asia 122
Europe
2016 . B p |
8.1
& 79 5 B B
Europe home of 6 54 - me BN B .
70% of global ) oo 4l o B BB B .
additions 15 22
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Wind Power

Share of Electricity Demand Met by Wind Power, Selected Countries
At least 24 with over 10% and EU-28, 2016

countries met 5%
or more of their

annual electricity 1513’
demand with wind %
power %0

Enough global
capacity to meet 30

4% of total : ' I I I l l
electricity : %

. b > > &
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Wind Power

) ) Market Shares of Top 10 Wind Turbine Manufacturers, 2016
Most wind turbine

manufacturing takes |

= China GE Wind
(D¢ (United States)
= EU 12%
= India
—> United States Gamesa (Spain) Mingyang
ina)
| 4%
Enercon (Germany)
7%
Zi;omens (Germany) thers
Nordex Acciona (Germany) 2 5%
5%
(~ N REN21 Renewables 2017 Global Status Report
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Distributed Renewable Energy for Energy Access

16% of the global
population lived
without electricity
- approx. 1.19
billion people

Electricity Access in Developing Countries, 2014

1-10%
1-20%
21-30%
31-40%
4-50%
51-60%

} 61-70%

. 71-80%
. 81-90%
. 91-100%
Share of

o
of population with access
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Distributed Renewable Energy for Energy Access

38% of global
population are
without clean
cooking facilities -
approx. 2.7 billion
people

Access to Clean Cooking Facilities in Developing Countries, 2014

1-10%
N-20%
21-30%

31-40%

\\‘
41-50% N
51-60% 1
61-70%
- 71-80%
- 81-90%
. 91-100%
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Distributed Renewable Energy for Energy Access

Sales of Off-Grid Solar Systems in Top 5 Countries, 2015-2016

Sales of off-grid
solar systems reach
8.1 million units Viln unts i bR
worldwide Total >8.1 million*

(World) I | 57

India | 3 31

Sales were highest ;
. Kenya 12
in sub-Saharan 08
Africa, in particular tiopia | 0.5
. . 06 2016
in East Africa 2015

Uganda 04

0.2
Tanzania 04
0.6

*Data reported for global sales represent approximately 50% of all sales of off-grid products.
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Distributed Renewable Energy for Energy Access

Status of Renewable Energy Mini/Micro-grid Markets, by Region
Deployment of

mini-grids

accelerated in

20 1 6 Region Autonomous Basic | Autonomous Full In::erconnegted

ommunity
M d rket now B Limited Central America and the Caribbean
exceeds USD 200 HIPIoEs SouAmeHcs —
enne Emerging Northern Africa 0

bllllon annua”y Mature Sub-Saharan Africa u
Central and North Asia O [ | |
East and South Asia O
Middle East O O [ |
Oceania O
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Distributed Renewable Energy for Energy Access

Reduced
consumption of
firewood and/or
charcoal by:

=> Electric cooking:

10-40%
=> Biogas stoves:
66-80%

Cost of Various Cooking Technologies

USD per Person per Day

y SOLID
BIOMASS

0.9
038
0.7
0.6
0.5
0.4 .
0.3 e
0.2 =

01 s _

=
TN

Wood/Dung Charcoal LPG or Biogas
natural gas
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Distributed Renewable Energy for Energy Access

I Number of Clean Cook Stoves Added in Top 5 Countries, 2014 and 2015
20 million clean

cook stoves

dIStribUtEd in 2015, Million units
an 18% increase 10.6
China
| | 5.7
China leads in - 32
installations j 22
== —
Ethiopia 15 g a s
1.8 ’ =
L=
= s
Nigeria 07 g s
- 2015 Fuct 1 ==
2014 = pir
Bangladesh 07
0.5
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Distributed Renewable Energy for Energy Access

Asia leads in total Number of Domestic Biogas Plants Installed in Top 5 Countries, Total and Annual Additions,
H d 2014-2016

installations of

domestic biogas Million installations

plants

Most are in China installstions
(42.6 million units at Nepa 366,065
the end of 2016), S B 2750
s Total end-2016
and India (4.7 |
orne . Bangladesh |45,610 B Added in 2016
million units) Added in 2015
Cambodia I 25,164 Total end-2014

ke | ] 17,554

0 100,000 200,000 300,000 400,000
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Distributed Renewable Energy for Energy Access

Funding from
multilateral
organisations and
bilateral donors
account for 55% of
energy access
investments

Overview of Multilateral Funding for Energy Access and Distributed Renewable Energy,
2012-2015

Million USD
18000 17,621 17,436
— 14'686 Million USD
13,529 3,000 2,798
12,000 2,500
2,058
2,000
9,000 2,062
s00 1,845
9000 1000
L 500 Zws
P 0
: 2 o .3 2012 2013 2014 2015
2012 2013 2014 2015

Total energy investment Energy access investment B Distributed renewable energy investment
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Distributed Renewable Energy for Energy Access

Investment in Pay-As-You-Go Solar Companies, 2012-2016

USD 223 million
raised by PAYG

solar PV |

Million USD
companies, an 250
. 223 Top five PAYG solar companies (for investment) in 2016:
increase of about .

200 90 million
40% from 2015 Lumgs Globa

158
150 30m
d.Light
21m
100 Sunfunder
20m |20 m
66 BBOXX | Mobisol
50 {
19 |
3 |
0 : =
2012 2013 2014 2015 2016
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Distributed Renewable Energy for Energy Access

. Investment in Clean Cook Stoves, 2011-2015
Investment in

clean cook
stoves increased Hliien &6
0,
28% (tc? l.JSD _ 20 182 18.4
11.5 million) in
16
2015 B B
12 , i 11.5
== 9.0
8 ||
4
1.8
O ] I I I
20M 2012 2013 2014 2015
REN21:55,
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Enabling Technologies and Energy Systems Integration

Storage can
provide system
benefits and
flexibility to
customers, system
managers and
utilities

Can be applied
from the
household level to
utility-scale

-@H‘\

Storage Applications in
Electric Power Systems

REN21 Renewables 2017 Global Status Report

STORAGE

« Fast-response reserve

power (spinning reserve)

« Frequency and voltage

control

« Demand management
(peak shaving and load
levelling)

STORAGE

- Frequency and voltage
|

control

« Demand management

(peak shaving and
load Iavelling%

- Emergency backup

power

STORAGE

« Storage of grid power

for load shifting and
variable renewable
energy integration

« Storage of self-generated

power for later use

ergy
k

' Ay~

SO~
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Enabling Technologies and Energy Systems Integration

Global grid-
connected and
stationary energy
storage capacity in
2016 totalled an
estimated 156 GW

Global Grid-Connected Energy Storage Capacity, by Technology, 2016

Pumped storage

150w

. 0.4 aw

REN21 Renewables 2017 Global Status Report

3.1cw

Thermal storage

Electro-
chemical

IElectro-
mechanical
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Enabling Technologies and Energy Systems Integration

Global Grid-Connected Stationary Battery Storage Capacity, by Country, 2006-2016
Grid-connected

battery storage _
grew by 50% in 1800 1,719

2016 1600 Rest of World
M Chile
1,400 M ltaly -
Germany —
1200 Japan 11147

B Republic of Korea
1,000 :
M United States
Grid-connected

786 .
800 620 e BATTERY
900 503 — | STORAGE
- 345 417 % grew by
245 246 290 312 +50%
200 . in 2016.
11 — - - L
2006 2007 2008 2009 2010 20M 2012 2013 2014 2015 2016
REN21::::
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Enabling Technologies and Energy Systems Integration

Global Passenger Electric Vehicle Market (Including PHEVs), 2012-2016

Global sales of EVs
reached 775,000
- Vehicles sold
Nni in thousands Market growth (%)
u ts 800 775 80%
A
onne 700 E 70%
More than 2 million ot of World -
6 0%
passenger EVs were " M 548 o
M Norway 7 o
on the world's roads 0 s - o0
M China o
by yea rls end (1% Of = M United States 319 o
the light vehicle 300 o~ === | e
Y the end of ),
Global 0 million passenger
market) et ™ 155 p—_ 2o | gl pesens
sales the world's roads. EVs
00— . sl i
So fa r, little |Ink|ng 0 - T ‘ ‘ . g:](:bs:aallzzésenger
2012 2013 2014 2015 2016

of renewable
eneryg and electric
mobility
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Energy Efficiency

Global primary Global Primary Energy Intensity and Total Primary Energy Supply, 2010-2015

energy intensity
improved by 2.6%

Mtoe koe/USDzq0s
o 13,778
From 2010 T 020

Compound average

tO 2015’ energy +1.3% annual change

q - q 10,000 0.166 - — 015 7\
intensity declined 0.149 2.1%
* e - °
Compound average
by a n ave r'a ge annual change 7500
010
annual rate of .
o ENERGY INTENSITY
2 . 1 A) 005 is the ratio between
Global primary 2500 the gross inland
energy intensity ' consumption of
n energy and GDP
Global primary calculated for
energy supply 0 0 a calendar year.
2010 20Mm 2012 2013 2014 2015
Note: Dollars are at constant purchasing power parities.
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Energy Efficiency

Average Electricity Consumption per Electrified Household, Selected Regions and World,

Electricity 2010 and 2014
Consumptlon per kWh/household .
household declined 14000 B0 s HELLEHOER
in: - 2014 Ho office
2010-2014 in: 12000 e
10000 hou§ehold elecltlrigity
. g = use is up overall, due
9 North Amerlca Iargelyt%a growing
8,000 — = number of electrified
households and to
— Europe g B e
. electronics.
= Oceania W = =
2,000 - - — — - o - -
. Europe CIS North Latin Asia Oceania ‘ Africa Middle World
America America I East
0, [e) O,
S 2o @ e B ‘wé. 0 -
change, 2010-2014 % 59 4% 6% 9% (o)
+2.1% +15% +3.4% +2.6% +0.9% _*_02/0
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Energy Efficiency

Electricity
intensity of the
service sector
declined in every
region except the
Middle East and
Latin America,
from 2010 to 2014

Electricity Intensity of Service Sector, Selected Regions and World,
2010 and 2014

Wh/USD200s )
B8 scrvice
168 2010 Electricity intensity
2014 in the service sector
declined in every region
except the Middle East
120 and Latin America.
80
40
0 T _ . T = ) X :
Europe CIS North Latin Asia Oceania Africa Middle World
America  America East
o, o, o o, o, o 1 2 O/
Compound  —2.1% -2.0% -15% gm -04% -3.2% -2.1% = =l (o]
average annual
change, 2010-2014 +1.3% +0.7%
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Energy Efficiency

) o Energy Intensity of Industry, Selected Regions and World,
Energy intensity in 2010 and 2014

industry decreased |
koe/USDz005 g
by an average of 025 B INDUSTRY
2010
0, nergy intensity in
1.5% annually and - 2014 i
i m p rOVGd I n a | I fabstegt irgéro}\\/elment

015 =

regions, from 2010
to 2014 010 B - oy S = B

005 ] =] == = = ] = = -
0 T T T
Europe CIS North Latin Asia Oceania Africa Middle World
America America East
O, O, o) O, o) 0O, O, O, 1 50/
Compound  —1.8% —2.0% —-1.7% —05% —-2.3% —0.6% —-09% —0.2% — 1.0 /0

average annual
change, 2010-2014
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Energy Efficiency

By end-2016, at Countries with Energy Efficiency Targets, 2016

least 149 countries
had enacted one or
more energy
efficiency targets.

| .4

<

Of these countries,
56 adopted a new
target in 2015 or

2 O 1 6 EE target previously existing, .
no new target in 2015/2016
>
R

No EE target previously existing,
new target in 2015/2016

EE target previously existing,
new target in 2015/2016

[~ N REN21 Renewables 2017 Global Status Report
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Energy Efficiency

Countries with Energy Efficiency Policies, 2016
By end-2016, at
least 137 countries
had enacted some
kind of energy
efficiency policy.

Of these countries,
48 enacted a new or '.
o

EE policy previously existing,

revised policy in no new policy in 2016 ‘ )
No EE policy previously existing, " 3

2 O 1 6 new policy in 2016*
EE policy previously existing, \)’

new policy in 2016 v /

* Djibouti is the only country known
to be in this category.
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Feature: Deconstructing Baseload

=> Traditional baseload
generators such as coal and
nuclear are beginning to
lose their economic
advantage and may no
longer be the first to
dispatch energy.

= A number of countries and
regions — including
Denmark, Germany,
Uruguay and Cabo Verde —
have integrated high shares
(from 20-40%) of variable
renewable energy.
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Feature: Deconstructing Baseload

Conceptual Progression from the Baseload Paradigm to a
100% Renewable Electricity

A) The Baseload Paradigm

New Paradigm of

Power generation
Peak [I D
i deparchatie | 1 =
M Baseload m @ E D
0:00 4,00 8:00 12:00 16:00 20:00 24:00
et Hie BHgoewo B Bt Bliow oo Bnice Booe™ B
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Feature: Deconstructing Baseload

Conceptual Progression from the Baseload Paradigm to a New Paradigm of
100% Renewable Electricity

In the early stages of progression to larger shares of variable renewable generation, power systems make
some adjustments in their grid operations, develop forecasting systems for renewable energy production,
and introduce improved control technology and operating procedures for efficient scheduling and dispatch.

B) The Early Transition .
Power generation

Demand shift = to early morning lows

Peak [] D m

Intermediate
. o and dispatchable !‘] [I E D

M Baseload W | =&

Demand shift

Variable
renewable energy
0:00 4:00 8:00 12:00 16:00 20:00 24:00
Coal- Qil- Diesel Nuclea Natural Hydro- Bio- Solar PV Geothermal Wind
‘IY‘;E‘i ﬁv‘ed g;"\e(ralor . o 6 gajs—“ﬂ"’ec E pgw.':eor {] pl,)(\)ver ar?d‘EISP p’ovielwm "“ po‘:lv‘er
Renewable Energy
REN2 15
the 21st Century
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@_ REN21 Renewables 2017 Global Status Report Olx|»]
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Feature: Deconstructing Baseload

Conceptual Progression from the Baseload Paradigm to a New Paradigm of
100% Renewable Electricity

In the late stages of progression towards fully renewable power systems, variable renewable power will be
integrated through advanced resource forecasting, grid reinforcements and strengthened interconnections,
improved information and control technologies for grid operations, widespread deployment of storage
technologies, greater efficiency and scope of demand response, and coupling of electricity, heating and
cooling, and transport sectors.

C) A New Paradigm

Power generation

[l Over-production

1Y

o Storage or
import/trade

from and
wind peaks

Dispatchable

20

Variable
renewable energy

0:00 4:00 8:00 12:00 16:00 20:00 24:00 P W N
CSP with thermal energy storage

- Oil- Diesel Nuclear . Bio- Solar PV Geothermal E Wind

fired fired generator . 6 m power and CSP power power
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I J

Conclusions

Global renewable energy transition advancing
with record capacity additions and rapidly
falling costs — more capacity installed for less
money

2016 was the third year in a row where
decoupling of economic growth and energy-
related CO, emissions occurred

However, progress not fast enough to reach
Paris Agreement goals

Better-integrated sectoral planning

Smarter, more flexible systems integrating
variable renewables

More use of enabling technologies
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