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=> The report features:

* Global Overview
* Market & Industry Trends

* Distributed Renewable Energy for Energy
Access

* |nvestment Flows
* Policy Landscape

* NEW: Enabling Technologies and Energy
Systems Integration

* Energy Efficiency
Feature: Deconstructing Baseload

ooooo b e Enerqv

RENEWABLES 2017 GLOBAL STATUS REPORT REN21,

LENCEL



REN21 Community

GSR Network:

= Over 800 active
contributors and
reviewers

N

Tracking 155 countries

N

Covering 96% of global
GDP

= Representing 96% of
global population

@

REN21 COMMUNITY

tracking 195 countries
Covering 96% of giobal GDP

Represanting 96% of global 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 1
o i

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

www.ren21.net/map
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http://www.ren21.net/map

In 2016 investors were able to acquire more renewable
energy capacity for less money.

176 countries had renewable energy targets, renewable energy auctions were
held in 34 countries in 2016 — more than double the year before

* Newly installed renewable power capacity set new records in 2016, with 161
gigawatts (GW) added, increasing the global total by almost 9% relative to 2015.

* For the fifth consecutive year, investment in new renewable power capacity
was roughly double the investment in fossil fuel generating capacity, reaching
USD 249.8 billion.

e 2016 was the third year in a row where global CO, emissions from the energy
sector remained stable despite a 3% growth in the global economy and an
increased demand for energy.

Renewal ble Energy
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Another extraordinary year for renewable energy

2015

2016

Total global capacity was
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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%

geothermal power for transport

1.6%| 10.8%

Wind/solar/biomass/ Biofuels

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

Total Final Energy Consumption
Share of TFEC (Exajoules)
20% 400
Combined renewables Average

10 year
@ Traditional biomass growth rates
Modern renewables Modem )
10% 200 renewables:
* growing at more
than twice the
rate of
All renewables, demand
excluding hydropower
M Hydropower % n
e > Traditional
M Traditional biomass biomass:
Fossil and nuclear energy growing at only

half the rate
of demand

0%

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

i

REN21&ms
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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 3 4 5
Investment in renewable power and fuels . : L
(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 |celand
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
[ Biodiesel production United States Brazil Argentina/Germany/Indonesia
@ [ Fuel ethanol production United States Brazil China Canada Thailand
® -_-"“‘\\ .

R E N 21 Renewable Energy
Policy Network
for the 21st Century

PR ]




Power Sector

Renewables Estimated Renewable Energy Share of Global Electricity Production, End-2016
comprised 30% of
the world’s power

generating
. d Non-renewable electricity Wind power
Ca paCIty an 75 5% Hydropower 4 O%
24.5% of global 16.6%
electricity demand Bio-power
2.0%
. . = Solar PV
China is home to - 1.5%
more than one- Ocean, CSP and geothermal power
guarter of the 0.4%
world’s renewable
power capacity
REN2 18
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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.

S =
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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 transport fuel 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

130 o
; Power Policies
Countries
120 with Power Feed-in tariff/premium
Policies payment
1o B Tendering
B Net metering
100 £
B Renewable portfolio
standard (RPS)
90
80
Countries
Heating and
70 with Cooling Policies
- — Transport g
0 Policies Solar heat obligation
3 M Technology-neutral
50 o 8 o L B countries ith heatobligation
N Heating and
40 | B L] = B Cooling (H&C)
i i “] Policies
30 — — = — = Transport
: Policies
20 [ - — p—— — | | Biodiesel obligation/
mandate
10 2 = — =i = = . = [ — . Ethanol obligation/
I‘ I I ‘ I mandate
0 _ L || Taa—— . W | &= | = | | L . | | Non-blend mandate

H&C Transport Power H&C Transport H&C Transport

2014 2015 2016

to support
policies

/or state/provincial-level
esel and ethanol).Tendering

policies are pres ented in a given year if ’IJUHSUICUC" has held at least one tend 1::; |UIH‘I;J hat year.
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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

Countries with Renewable Energy Power Policies, by Type, 2016

/ ;
fhe
gils
o
g i s
- Do |
I
"w.2
. 1
Countries with
policies at start-2016 r
Countries with policies ’ r r
at start-2016 and that added r
a policy/policies in 2016 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
r energy-only tenders in 2016

Countries with
no policy or no data
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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 —

California —@
Mexico —
Chile —
®— Québec
Vermont

L)
New Hampshire —@ ®— Maine

Connecticut —@ ®— Massachusetts
® ®—Rhode Island

[ ]
L New York

Maryland —@

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

+— Japan
Colombia
New Zealand
Norway Swed
Denmark — £ ecien
=—Finland
Gaftrarye inlan
Netherlands ; Estonia
Luxembourg Satvia Beijing —® Saitama
Eid Lithuania ®—Tianjin /0
Ireland —= o S i / Kyoto
UK A > Chongging i Hubei | (4
@ Czech Republic e Ot
France ; Slovakia °
Spein Hungary L shanghai ~ Tokyo
2 ] Romania  Guangdong —e@
Portugal Bz g Bulgaria ®— Shenzhen
Switzerland © /. Croatia \ ™ Cyprus
Liechtenstein \\ Greece
Austria Slovenia

Italy

National ETS

National carbon taxes

Both national ETS
and carbon taxes

® Sub-national ETS
@ Both sub-national ETS and carbon taxes
Sub-national carbon taxes
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for the 21st Century
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Jobs in Renewable Energy

Jobs in Renewable Energy
The renewable

energy sector

cmployed Tz g i it it
9.8 million people  [3) ceotvermal  @RAAG ARG et PR

in 2016 -3 1.1% Solar energy 1 s e eeeee ... .. oo.o. oo... eeeee oes e
increase over e TN WWWR 1meee 1

2015 v {1711 TH114 fiiee pieee

sl LLEIR T peer fer  PREOD

g e PRERR L
8.3 milion + 1.5 miltion

= 50,000 jobs
World 9 8 o
Total: <J.Q million jobs
_ REN2 15,
[~ X REN21 Renewables 2017 Global Status Report =0

Source: IRENA.
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Global Investment in Renewable Energy

Global new Global New Investment in Renewable Power and Fuels, Developed, Emerging and

. . Developing Countries, 2006-2016
Investment In

renewables was World Total
Billion USD TH B World total
USD 241.6 bI"IOI‘I 350 242 bl”lon USD Developed countries
- 312 China
N 2016 300 281 278 B S;Bre]{r?eesveloping
i 250
For the fifth
consecutive year, 200 -
investment in new 150 8 g - I Growth
11 = = ) g :
renewable power . g B g g ! - B . 8 A
capacity was 2 i ! ! i :
50 — — !— !— = B - - - —
roughly double m B E
that in fossil fuel O T2006 2007 2008 2000 2010  20m 202 2013 2014 2055 2016 -14%
Ca pa City. Note: Figure does not include investment in hydropower projects larger than 50 MW, Investment totals have been rounded to nearest billion -
(~ W REN21 Renewables 2017 Global Status Report
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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

U
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Global Investment in Renewable Energy

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

Solar and wind
power continue

Billion USD Change relative to 2015
to lead for o
money B, | | | | 575  ~34%
i | 60.6
committed | | | o1 51.9 - 9%
during 2016, 5 )
i W16 0%
each accounting :
for roughly 47% 5 0%
of total 18 3
g - 105 -37%
Investment Developed countries
i China +17%
| Other developing countries
I~A Ocean ener 0.2 0
° ¥ | 0.011 -7%
0 10 20 30 40 50 60
.9\\ REN21 Renewables 2017 Global Status Report
L

Source: BNEF.
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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
30 World Total
- 303 Gigawatts
Global solar PV
capacity totaled 250 _—
303 GW =
177
150 137+ Previous
year's
capacity
Total 100 99 -
global 70
capacity
50 23 40 e
6 8 15 @
1.4 .
0
2006 2007 2008 2009 2010 20m 2012 2013 2014 2015 2016
@ REN21 Renewables 2017 Global Status Report Ol=~[#]
L \\ °
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Solar PV

By end-2016:

=>» Every continent
had installed at
least 1 GW

= At least 24
countries had
1 GW or more of
capacity

= At least 114
countries had

more than
10 MW

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

Gigawatts
350

300
250
200

150

Total 100
global

capacity 5

6 8 16 2

World Total

303 Gigawatts

137

%9 I
70 l
40 u L

ﬂ%Dﬁ“

2006 2007 2008 2009
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2010 201 2012 2013 2014 2015 2016

Rest of World
W ltaly
M United States
M Germany
M Japan

China
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Solar PV

q Solar PV Capacity and Additions, Top 10 Countries, 2016
China added P . p RS
34.5 GW (up 126%
Gigawatts
over 2015), S 4345

increasing its total
solar PV capacity

70 —_

60 —

45% to 77.4 GW, ~ N
far more than that . +86 415 41438
2015 R |
of any other total
30 £ | __
country . LA
+2
4.1
B B 06409401
0
China Japan Germany United Italy United India France Australia Spain
States Kingdom
@ REN21 Renewables 2017 Global Status Report <[
L \\ ®
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Wind Power

55 GW of wind
power capacity
added

Global total
increased 12% to
487 GW

Wind Power Global Capacity and Annual Additions, 2006-2016

World Total

Gigawatts
487 Gigawatts
500
= B
400 370 @
319
= %sj ] Previous
238 | year's
198 ER capacity
200 - ]
159 i
121
100 74 =50 +271
0
2006 2007 2008 2009 2010 20M 2012 2013 2014 2015 2016
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Wind Power

) Wind Power Capacity and Additions, Top 10 Countries, 2016
The global wind

power market

contracted in Gigawatts
200

A +23.4
150 - ——

China added most
new installations:

100
23.4 GW 2015 +8.2
total
+b
50
+3.6
+0.7 116 +0.7 +2 +0.3
0
China United Germany India Spain United France Canada  Brazil Italy
States Kingdom
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Wind Power

At least 24
countries met 5%
or more of their
annual electricity
demand with wind
power

Enough global
capacity to meet
4% of total
electricity
consumption

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

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

USD 223 million
raised by PAYG

solar PV |
. Million USD
companies, an -
increase of about
40% from 2015
158
100
66
50
19
3
0
@ REN21 Renewables 2017 Global Status Report

Top five PAYG solar companies (for investment) in 2016:

90 million
Lumos Global
30m
d.Light
21 m
Sunfunder
20m |20 m
BBOXX [Mobisol
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Enabling Technologies and Energy Systems Integration

Storage Applications in

Storage can Electric Power Systems > Vil -

. - R Mo
provide system g ¢ o Gty
it control
« Demand management

benefits and » o :g:;ll(i:;)avingandload
flexibility to
customers, system

STORAGE
managers and e

control

« Demand management

afeo, . .

utilities iy
- Emergency backup
power

Can be applied -
from the Tl sy

for load shifting and
variable renewable

household level to el
utility-scale

power for later use
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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

ol
].5 O GW Thermilvgtorage

B Electro-
|_ | chemical

[Electro-
mechanical

. 0.4 aw
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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 | Italy _—
Germany —
1200 Japan 11147

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

786 -
50 620 . BATTERY
900 503 — | STORAGE
- 345 417 % grew by
245 246 290 312 +50%
200 . in 2016,
11 — - - L
2006 2007 2008 2009 2010 20Mm 2012 2013 2014 2015 2016
REN215::
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Enabling Technologies and Energy Systems Integration

Global Passenger Electric Vehicle Market (Including PHEVs), 2012-2016
Global sales of EVs . ( g )

reached 775,000

Vehicles sold

un its in thousands Market growth (%)
800 775 80%
o
I 700 B 0%
More than 2 million et of World -
600 E 5 60%
passenger EVs were e 548
M Norwa L/ %
on the world's roads T me - 7
M China "
by year's end (1% of " m United states 310
the light vehicle 300 p— - S
- ) the end of 2016,
Global o 2 million passenger
ma rket) veﬁic?e 200 129 g 20% FVs We;re:%n gl
sales the world's roads. EVs
= B II (|
So fa r, little |Ink|ng 5 - ! | | . g:’t:bs:;l|::§senger
2012 2013 2014 2015 2016

of renewable
eneryg and electric
mobility
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Energy Efficiency

By end-201 6, at Countries with Energy Efficiency Targets, 2016

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

‘\,ll

*"

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
J
.

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

EE target previously existing,
new target in 2015/2016

[~ REN21 Renewables 2017 Global Status Report

« Source: REN21 Policy Database.
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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.

[~ N

* ‘\\b ®

]

RENEWABLES 2017 GLOBAL STATUS REPORT RENZ2 1kt

5, L PN ]



Conclusions

REN2 1,
0

=> Record installed capacity, however progress RENEWABLES 2017
not fast enough to reach Paris Agreement goals

N

Fossil fuels must be left in the ground

2

Focus on dispatchable renewable energy &
flexibility options to integrate high-shares of
renewables — shift away from baseload

=> Increased effort to speed up sustainable energy
access

=> Policy matters: system approach needed for
linking power, heating and cooling as well as
transport sector

=> More use of enabling technologies such as
storage, EVs, etc.
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