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REN21 is the global multi stakeholder network dedicated
to the rapid uptake of renewable energy worldwide.
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Investors Acquiring More Renewable Energy Capacity
for Less Money in 2016

=> 176 countries had renewable energy targets, and 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.
Solar PV was the star performer in 2016, accounting for around 47% of the total
additions, followed by wind power at 34% and hydropower at 15.5%.

=> 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.

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

enewal ble Energy
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Another extraordinary year for renewable energy

2015 2016

Total global capacity was
up 9% compared to 2015,
to m O re th a n 2’017 GW at Renewable power capacity (total, not including hydro) GwW 785 o1
yea r’S end (921 GW not Renewable power capacity (total, including hydro) GW 1,856 2,017
including hydro) P i - it

New investment (annual) in renewable power and fuels’ billion USD 312.2 2416

EJ Bio-power capacity GW 106 12

£ Bio-power generation (annual) TWh 4684 504

—> Solar PV: 47% of newly Ssssslindinione —
i n Sta I Ied re n ewa ble Concentrating E:V!a.' thermal power capacity GwW A7 4.8
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=> Wind: 34%
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Solar hot water capacity > GWiy 435 456
=> Hydropower: 15.5%
3 Ethanol production (annual) biflion litres 233 98.6
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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%

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

sl slhee 6f (25606??23‘12'0“' Renewable Energy Compared to Total Final Energy Consumption,

renewable energy
has increased only

. Total Final Energy Consumption
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- G I’OWt h Of ene rgy Combined renewables — Average

10t ea;
@ Traditional biomass ELOWH (S
demand Modern
Modern renewables bles:
1% 29 gr?v:/‘iz‘gaat ;i;re
= Decrease of ihen wic e
rate of
1+1 All renewables, demand
trad Itlonal excluding hydropower
1 B Hyd 5
biomass at a ) 5% Traditional
M Traditional biomass biomass:
S | ower pa ce Fossil and nuclear energy g'ﬁ:{f"t‘ﬁeagt’gly
of demand
=> Increase in fossil o% 0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

fuel & nuclear

REN21585,
@ REN21 Renewables 2017 Global Status Report ~[®

« Source: based on IEA World Energy Balances, 2016.

RENEWABLES 2017 GLOBAL STATUS REPORT RENZ2 15kt

L PN




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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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.
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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.

RENEWABLES 2017 GLOBAL STATUS REPORT RENZ2 155,

PO )




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
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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
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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 Tota
. Billion USD e M World total
USD 241.6 bl"lon IN 350 242 bllllon USD Developed countries
312 China
(0)
2016 (-23A) 300 M Other developing
countries

compared to 2015)

250

For the fifth 200
consecutive year, 150 - l Growth
. . 11 10 = ® g 2015-2016
Investment Iin new 00 g 8 s = ! - B g
renewable power 2 a1l ! ! Bl § 0°

. 50 —_ _ LE=S S =31 o0 B ee) — — S . - T g}
capacity was m | !
rOUgh Iy double that O To006 2007 2008 2000 2010 201 2012 2013 2014 2015 2016 -14%
in fossil fuel Note: Figure does not include investment in hydropower projects larger than 50 MW. Investment totals have been rounded to nearest billion.
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Global Investment in Renewable Energy

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

An estimated USD
249.8 billion (63.5%)
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
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W Wind power
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hydropower
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W Other*
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* CSP, geothermal, small-scale hydropower and ocean energy
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Solar PV

Global solar PV capacity Solar PV Global Capacity and Annual Additions, 2006-2016

totaled 303 GW
(31,000 PV panels every

Gigawatts
hour) - World Total
303 Gigawatts
300 am—
By end-2016:
: 20 228 o
=> Every continent had
installed > 1 GW 20 177
—> At least 24 countries 150 1371 iz
99 capacity
had 1 GW or more Total . . ]
i globa
of capacity e } s 40 B
- Atleast 114 6 8 g B
Countries had more ° 2006 2007 2008 2009 2010 20M 2012 2013 2014 2015 2016
than 10 MW
Q- 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
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Wind Power

Wind Power Global Capacity and Annual Additions, 2006-2016

55 GW of wind
power capacity
d d d e d clgawatts World Total
487 Gigawatts
500 @
433 |
64

Global total - w0 1B
increased 12% to 319 e

e 28—3 '@ Previous
487 GW 238 %{ year'ﬁ(

- 198 @ capacity

15 @
. 121 &8
Over 90 countries w g4 O g
with commercial i
Wind power actiVity; ’ 2006 2007 2008 2009 2010 20Mm 2012 2013 2014 2015 2016
29 countries > 1GW
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Wind Power

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

power market
contracted in 2016 Gigawatts

200

+23.4
China added most
new installations:

150 —

23.4 GW .
(significant decline 2015 +8.2
total
compared to 2015) 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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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%
Share of population with access
REN2 156k
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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

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
REN2 15,
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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

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
(~ REN21 Renewables 2017 Global Status Report
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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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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

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, f
48 adopted a new or .:‘

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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Enabling Technologies and Energy Systems Integration

Storage can provide system Global Grid-Connected Energy Storage Capacity, by Technology, 2016
benefits and flexibility to

customers, system managers

and utilities

Pumped storage

Can be applied from the

household level to utility-scale 150 GW 3.1law

Thermal storage

Electro-
O GW chemical

IElectro-
mechanical

=> Global grid-connected
storage capacity in 2016 :
156 GW

=> Grid-connected battery
storage grew by 50%

. 0.4 aw

Q- REN21 Renewables 2017 Global Status Report
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Enabling Technologies and Energy Systems Integration

Global sales of EVs Global Passenger Electric Vehicle Market (Including PHEVs), 2012-2016
reached 775,000

units Vehicles sold
in thousag;ﬁ; 775 ;ﬂoao:et growth (%)
More than 2 million 700 o
Rest of World
passenger EVs were 50 o 548 60%
on the world's roads o ™ Norway - o
EU | —
by year's end (1% of v M China =
the light vehicle o pedsies 31
300 - 30%
mar ket) 213 " ' By the end of 2016,
Global 200 209 | 2million passenger
V;): |Ig;e 129 i i\éivlgjjsorgads‘ EVs
. . . 100 —_— 10% accounted
So far, little linking B . o gound kol
Of renewa ble ? 2012 567 T _— T — T - 0 car sales.
energy and electric
mobility
@ REN21 Renewables 2017 Global Status Report
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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.

-e“\

Conceptual Progression from the Baseload Paradigm to a New Paradigm of

100% Renewable Electricity

A) The Baseload Paradigm

Power generation

.“... o

Peak [I D l‘]
Int: diats
u anngrdr?sep;?cﬁable [I E
| =0

.00 400 800 12:00 16:00 20:00 24:00

B) The Early Transition

Power generation

Demand shift

= to early morning lows

Peak HE
anddrpaicnatie | B =0

M Baseload D E n
Variable

renewable energy

0:00 4:00 800 12:00 16:00 20:00 24:00

C) A New Paradigm

Power generation

Il Over-production

- for storage
or trade

Over-production

(for storage/

export)
il

Storage or
u import/trade

from solar and
B \uind peaks

Dispatchable E & |
Variable
renewable energy
0:00 400 8:00 12:00 16:00 20:00 24:00 * CSP with thermal energy storage
Coal- Qil- Diesel Nuclear Natural Hydro- Bio- Solar PV Geothermal Wind
Qs Bie B 8 B Bie Q. Ece Bl B
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I J

Conclusions

Global renewable energy transition advancing
with record capacity additions and rapidly
falling costs — more capacity 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

Systems approach: energy efficiency, more use
of enabling technologies
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