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Plenty of RES news -1

The No. 1 Source for Oil & Energy News

0 INDEPENDENT  news ifact poliics voices indy/Life Sport Business video Culture Subscribe
OI L P R I E Devise a marketing strategy witl
C = programs.

Environment

India cancels plans for huge coal power EEEE o
stations as solar energy prices hit record =
low

'India’s solar tariffs have literally been free falling in recent months'

000 2

Chinals Addmg SolarPowerata

BREAKING NEWS: Obscure Dutch Firm Wins Venezuelan Oil Block As Debt Tensions Mount e 9

Energy investors 1 Record Pace

And it's 100% FREE

Saudi News Shifts The Long-Term Prospects for Oil
The Saudi crackdown has shifted..

19 luglio 2017, 09:21 CEST

@montaukian | T

Home / Latest Energy News

= Distributed solar accounts for almost a third of installations

Saudi Arabia Shortlists 25 Bidders o sclarcapacy ol 5 percentag o i peid
For First Utility-Scale Wind Plant

China, the world’s biggest investor in clean energy, is on pace to install record amounts

TSVETANA
PARASKOVA of new solar this year after adding 24 gigawatts of capacity in the first half amid a push
) By Tsvetana Paraskova - Aug 29, 2017, 12:00 PM CDT £ % s i
Tevetana s 3 writer by policy makers to locate electricity production near the point where it's used.
for the U5 -bssed
Dhrgena ic 1
Lting frm with
Sroan . Distributed solar-power projects - the kind of solar found on industrial buildings, malls
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and schools -- accounted for almost a third of the new installations in the period, or 7
ivision at the National

gigawatts, Xing Yiteng, deputy section chief in the new energy

o et NVEZZ
and.. o : . % ’ o
Energy Admi; 3 said o2 e in Beijing.
M e
Should China maintain the first half's torrid pace of
thNewsletter installations, the country would easily surpass the roughly 30

SHARE

n Facebook
u Twitter

Fully Charged, featuring nsights from g 2watt< of new solar canacity it added in 2016. The

Saudi Arabia has shortlisted 25 companies that qualify to bid for proposals to build a 400-

Sooghn' MW wind power plant in the northern part of the Kingdom, in what would be the first
m i utility-scale wind power project, the Energy Project D office
(REPDO) of Saudi Arabia's Energy Ministry said on Tuesday.

23 May 2017 29 Aug 2017 19 Jul 2017

Source: Independent, Oilprice.com, Bloomberg,
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Plenty of RES news -1
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German PV auction reaches record low price of €4.91c/kWh (Germany)

18 0ct 2017

in share B3
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and wind pows

18 Oct 2017
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Offshore wind power cheaper than new
nuclear

By Roger Harrabin
BBC environment analyst

@ 11 September 2017 | Business | B

f v O & <sme

GETTY IMAGES

Energy from offshore wind in the UK will be cheaper than electricity from new
nuclear power for the first time.

11 Sep 2017

WINDPO\/VER

Home ! News ! GlobalRegions | Events | WindpowerTV : Intelligence
Business & Companies  Technology ~ Policy  Project Development  Operations & Maintenance
51 ~”  REC ING TURBINE  ASSET LIFE FORUM  OFFSHORE SUPPLY

Visit windpowermonthlyevents com for the latest on our upcoming conferences and webcasts

CHILE e
Renewables push prices to record low in
Chile tender

3 November 2017 by Tom Azzopardi, Be the

comment

CHILE: Wind and solar have dominated the latest electricity supply tender, with
contracts awarded at an average price of $32.50/MWh, compared with
$47.30/MWh in the previous tender.

GOOGLE TRANSLATE
e o]

SHARE THIS

G+

B oo it

MORE ON THIS TOPIC

Latest Argentina
tender seven times
oversubscribed

Enel dominated the auction with wind and solar capacity bids

Energy minister Andres Rebolledo attributed the price drop to

increased competition following a change in rules, noting the Enel Chile seeks to buy
average price achieved marks a fall of 75% from the peak of EGP assets

$130/MWh reached in 2013.

3 Nov 2017

Source: Businessgreen, FT, Bloomberg, Bloomberg, BBC
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World Leaders on Climate Change

&

P®C F @

“Climate change is destroying our path to sustainability. Ours is a world of looming challenges and increasingly
limited resources. Sustainable development offers the best chance to adjust our course”
Ban Ki-moon, gia Segretario Generale del’lONU

“There’s one issue that will define the contours of this century more dramatically than any other, and that is
the urgent threat of a changing climate”
Barack Obama, 44° Presidente degli Stati Uniti dAmerica

“To protect the environment is to protect productivity and to improve the environment is to boost productivity”
Xi Jinping, Presidente della Repubblica Popolare Cinese

“Energy transition is drawing a new world, a world that is low in carbon but rich in opportunities”
Jean-Claude Juncker, Presidente della Commissione Europea

“We must now agree on a binding review mechanism under international law, so that this century can credibly be
called a century of decarbonisation* Angela Merkel, Cancelliere federale della Germania

“We need to invent a new growth model. To be fair and sustainable, it must be environmentally friendly and
increase social mobility” Emmanuel Macron, Presidente della Repubblica Francese

"Variable renewable energy sources integration in electricity systems —How to get it right"
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Trump on climate

6 Dec 2009

11

If we fail to act now, it is scientifically
irrefutable that there will be catastrophic
and irreversible consequences for
humanity and our planet. ,,
Donald J. Trump

Donald J. Trump Jr
Eric F. Trump
Ivanka M. Trump

: Dear President Obama
& The United States Col

The UN Climate Change Conference
in Copenhagen
e st

As business leaders

Image: New York Times
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Variable Nature of Wind and Sun

B ¥ wind production variability in Ireland
Yearly Daily
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WEC-CESI Report

WORLD
ENERGY

World Energy COUNCIL
Perspectives

Renewables Integration | 2016

VARIABLE RENEWABLES
INTEGRATION IN ELECTRICITY
SYSTEMS: HOW TQ*(‘iET IT RIGHT

1. CURRENT STATUS OF VRES

2. LESSONS LEARNED FROM THE CASE STUDIES
2.1 Power mix of the 32 country case studies
2.2 RES regulations, policies and economics
2.3 Impacts of VRES on the electrical power system
Impacts on fraditional fleets
Impacts on the electricity market
Impacts on the transmission and distribution grid

Impacts on consumers

3. MEASURES FOR A SMOOTHER VRES INTEGRATION

Technologies

Market redesign

4. KEY MESSAGES

ANNEX 1 - EXAMPLES OF COSTS OF WIND AND SOLAR
PV SYSTEMS AND RESULTS OF RECENT AUCTIONS

ANNEX 2 - COUNTRY CASE STUDIES SUMMARIES
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32 Country Case Studies

1. Algeria 12. Ireland 24. Romania

2. Brazil 13. Italy 25. Russian

3. China 14. Japan Federation

4.  Colombia 15. Jordan 26. South Africa

5. Denmark 16. Kazakhstan 27. Spain

6. Ecuador 17. Korea (Rep. of) 28. Thailand

7. Mexico 18. Mexico 29. Tunisia

8. Egypt 19. New Zealand 30. United Kingdom
9. France 20. Nigeria 31. United States of
10. Germany 21. Philippines of America

11. India 22. Poland 32. Uruguay

12. Indonesia 23. Portugal

* 89% of total installed VRES generating capacity

» 87% of VRES electricity production

"Variable renewable energy sources integration in electricity systems —How to get it right"
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Renewables now account for ~30% of global installed power and
24% of global electricity production

World global power capacity additions and energy production by source 2004-2016

Source

Installed Capacity

2004[GW]and
(%) share

Installed Capacity

2016 [GW]and
(%) share

Average
Annual

Growth Rate
(%)

2016 Production [TWh]and
(%) share

Average
Equivalent
Operating
Hours [h]

& Hydro 7156W | 18.80% | 1,096 GW | 16.3% 4% 4,023TWh 3,671
A Wind 48GW 130% | 487GW | 7.3% geotwh  |(3.9%) 1,971
/3, Biomass 39GW 1.00% | 1126W | 1.7% 9% 468TWh 1.9% 4,179
2 Solar 3GW 0.10% | 303GW 4.5% 333TWh (1.3%) 1,099
2 Geothermal 9GW 020% | 13GW 0.2% 3% 94TWh 0.4% 7,231
% Total Renewables 814GW | 21.4% | 2,017GW 8% 5,878TWh 2,914
& E‘(’;ZI')CSQQ’ETS;‘;' ©ilGas, | 5 ogecw | 78.6% | 4,6906W | (69.9%) 4% 18,938TWh 4,038

3,800GW | 100% | 6,707GW | 100% 5% 24,816TWh | 100% 3,700

TOTAL

Source: CESI based on REN21

CESI
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2016 Key Energy Stats

8 China Europe E United States
Population (Mmilion) 1404 912 322
CO2 Emission (Million tonnes) ...~ 9112 368 5350
'CO2 Emission per capita (metric tons per capita) 6s .tz 166
Electricity Demand (twph) .~ 642 3406 4350
Electricity Consumption per capita (kWh per capita) - 44 67 135
Installed Capaciy(Gwv) 1646 007 1182
'RES Installed Capacity (Gw) 545(33%)  487(48%) 215 (18%)
VRES Installed Capacity Gw) 226 20 16
wind(Gwv) ... 49 S 81
Solar PV (GW) 77 105 35

Electricity Demand breakdown by source (%)

Note: EU 27 includes United Kingdom
Source: World Bank, BP, IRENA, EDGAR EU

"Variable renewable energy sources integration in electricity systems —How to get it right"
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RES have become a big business

Investments in clean capacity (bn$) and installed capacity (GW)

160GW

Installations (2004-16)
+535 %

Investments (2004-16)

+363 %

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Operators are now installing more capacity with the same amount of money

Source: Bloomberg New Energy Finance
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Europe has lost its RE leading position

Global new investment in renewable energy, 2004-2016 (USD billion)

o g ACEEE:: Commission pushes renewahleﬂ el\ergly”_in’tlf the free marlfgt'

w‘&, e 1

the'second
€ause of

() Pre-COisive 40% bonus e, <o

China Leads The World In Renewable Energy Investment
ooooo

S - Mg a
'7'!. Eliagrass reriawabie snargy. target ORRGYEFICENCIPONAS @ | ABOUTUS @ | NOWSABLOG | MBUCKTONS @ | COMRONESATVENTS @

B e — Americah Clean Energy and Security Act of

2009

INSIDE EUROPE
LATEST NEWS.

ecutin
+ Barroso backs eurobonds

LISBON TREATY

115
87
4 Q ;q 78 .
’ ) 63 China
58
50 50 ; : o cu [
36 3 i
| 29 46 34 51 46 United gE=
i 3 17 States ==
12 11
6 O

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Source: FS UNEP, 2017
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The Combination of improving technologies...

Evolution of height (m) and rated power (MW) of wind

300m 13-15 MW

200m 7 MW

100m
1-12kwW 4
M. i
19th C 1990 2010 2015 2025

Source: Various
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...and cost reductions...

Average US PPA prices evolution ($/MWh) of wind and solar

$/MWh
250

200

150

2008-16

100 Wind down
Wind 71%

50

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Note: Levelized, time-of-day adjusted contract price shown in real 2015
Source: U.S. Department of Energy (LBNL), Bloomberg New Energy Finance USD. 2016 PV PPA price based on preliminary data and subject to review.
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...Is driving wind and solar PV to reach new lows

Long-term contract prices (e.g. auctions and FITs) at 2016 S
N RN % T\ |
USA VA4S
Wind: 30 $/MWh Moroces | lindia |
PV: 50-65 $/MWh .' By : S PV: 68 $/MWh
S L Wind: 28 $/MWh - e
\-F‘%%w)/ﬁ& S 1 Egyp} — F\;‘:"‘
‘ e wind: 4150 |
Perd ‘ SIWh ~ UAE
Wind: 38 SIMWhH - . PvisBSMWh
PV: 48 $/MWh ( Nl ()
‘ - ;| /!
Chile Tlgrazil | |
| ‘ ~ Wind: 49 $/Mwh South Africa | 4
PV: 68 $/MWh PV: 81 $/MWh Wind: 51 $/MWh

PV: 65 $/MWh

Source: IEA, Internal analysis
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VRES world records (2017 update)

Solar PV Onshore wind Offshore wind

‘--——-——-

_

Country: United Arab Emirates Country: Morocco Country: Germany
Bidder: Marubeni and Jinko Solar Bidder: Enel Green Power Bidder: DONG/EnBW
Signed: 2017 Signed: 2016 Signed: 2016
Construction: 2019 Construction: 2018 Construction: 2024

Price: US$ 2.42 c/kWh Price: US$ 3.0 c/kWh Merchant Price: US$ 4.9 c/kWh

Source: Bloomberg New Energy Finance; Images Siemens; Wikimedia Commons; Masdar
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Countries with Renewable Energy support policies in place
10| 2000

Market-based mechanisms — eg auctions, certificate schemes
Feed-in tariff/premiums

Mixed

Countries with auction or tender programmes

Source: IEA, REN21
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Countries with Renewable Energy support policies in place
176 | 2016

m Feed-in tariff/premiums
M Mixed

+ Countries with auction or tender programmes
Source: IEA, REN21
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Variable Renewable can cover a significant portion of the demand

VRE penetration — Capacity as a percent of annual peak demand (2015)
/

SOLAR PV _i\ WIND

I!’!
17%
E N I XN

0% . .
Germany Denmark  Spain Italy Ireland Great China Ercot Hokkaido California Alberta
Britain

ma "= =— a5 §}] - &= o L hd |

100% -

Source: WEC, Mott MacDonald and system operators
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Impacts of VRES on the electrical power system

Traditional fleets

The electricity
NEGH

Transmission and
Distribution grid

4)

Consumers

"Variable renewable energy sources integration in electricity systems —How to get it right"
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@ Shrinking operating hours of conventional power plants

Capacity factors of US thermal power plants
B Texas

National Grid Control Room @

\ Segui | v
¥ @NGControlRoom N -
42% . . a
0% National Grid can confirm that for the past 24
38% /__\/\ hours, it has supplied GB's electricity demand
36% without the need for #coal generation.
34% ‘ ‘ ‘ Great Britain goes without Coal Generation for 24 hours

2010 2011 2012 2013 2014 2015 2016 2017 Friday 21st April 2017 was the first 24-hour period since the 1880s where Great Britain went without coal-fired power stations.

Coal Generation
(MW)

1000
California oo |
35% 600 |
400 No coal
30% M\ M generation
200 for 24 hours
25% F 1'
20% o 6 12 18 6 122 8 | 6 12 18 6 12 18 | 6 12 18 [ 6 12 8 | 6 12 18 :
Sat 15 Sun 16 Mon 17 Tue 18 Wed 19 Thu 20 Fri21
% T T T T T T T " 5 April 2017
2010 2011 2012 2013 2014 2015 2016 2017 ﬂaTlOﬂa|gl'ld Source: National Grid

15:11 - 21 apr 2017

Note: Includes coal and gas capacity. 2017 is based on YTD generation and operational capacities reported in January. Excludes backup capacity.
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@ Increased ramping requirements (“duck curve”)

California Load Curve (MW) Net of Wind and Solar production

28,000

|

26,000

24,000

22,000

20,000

18,000

Megawatts

16,000

14.000 in three hours
12.000

10,000 risk

120m  3om éom Som 12pm 3pm
Hour
Source: CAISO
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@ A null or <0 price on the day-ahead market on a sunny day
Italian Day Ahead Market — Demand coverage by source and Price (15t May 2013)

I l Twh Euro/MWh
30 - 120
Geo » 100
20 - 80
Price
Thermal - 60
10 - 40
Hydro - 20
L0
01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00
German Day Ahead Market — Demand coverage by source and Price (51" May 2013)
— Twh Euro/MWh
- 60 - 40
- 30 Price
40 - 20
- 10
Conventiongp -0
+ Nuke - 10
01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00- i

Source: GME, EPEX
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® Impact of VRES in a primary HV/MV substation power reversal

HV/MV Substation (Ginosa) Puglia

l I 10

10 -+
20
= August, 30" 2010
30 August, 29* 2011
August, 27t 2012
T i R T e S e A o oy y—— e B e -
8 2 & 2 2 2 8 8 2 ' 8 g8 8 8 .8 8 8 8 2 8=
& 2 & 2 T £ € 5 £ & 8 F g€ 8 £ 9 =2 5 9 =% 83 4 9 how
Power flow reversal in primary substations
l I £ OO0
> L O
> S00
£ ()
S00
i«
Totale seziory AT MT Enel Intversiomne =1%o Iniversrone =5%%a
Distribrirzione ( =7 ore rmmese) =36 ore rese)
m 2010 =m 2011 2012 -mI2o1= m20149 mCO1Ls

Source: ENEL Distribuzione
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1o

Development of PV feed-in tariffs, module costs and capacity
additions

-5%

100%

90%

80%

6.24 c€/kWh

70% 0.8% Other costs: 0.05

60% -60%

50% ' 48.3% Photovoltaic: 3.02

40% o

= EEG feed-in tariff'< 100 kW
30% = System prices? < 100 kW -23.5%
19.2% Wind onshore: 1.02
20% L )
-30%
5.5% Wind offshore: 0.34
0%
4Q 4Q 49 4Q 4Q 4Q 4Q 4Q
247% Biomass: 154
2006 2007 2008 2009 2010 201 2012 2013 2014
15% Other RES: 0.09
Annual solar capacity addictions 7.4 GWp 7.5 GWp 7.6 GWp
156we - ~24 billion Eurolyear
1.9 GWp 1.9 GWp

0.9 GWp 1.3 GWp

1 The EEG compensation: the compensation classes were inthe second quarter 2012 brought in linewith the amended EEG law.
Previously until the end of the first quarter 2012, PV installations with the output of 30100 kWp were included.

2 System prices: the average price paid by the end user for fully installed roof panels without USt.

Source: BSW-Solar, Beta
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Measures for a smoother VRES integration

R TECHNOLOGIES |l MARKET DESIGN

» Improved forecasting » Revision of emissions trading schemes
= Optimisation of operating reserve = Capacity payments
= Greater flexibility of conventional =  Sub-hourly market closures
generation = Negative market prices
= Dynamic transfers = Nodal pricing
= Expansion of local transmission and = Larger balancing areas

distribution grids
= Cross-border interconnections
» Energy storage systems
» Demand response

» Aggregate bids of RES power plants
= Green energy transmission corridors
= TSO /DSO’s coordination rules

» Role of private investors

"Variable renewable energy sources integration in electricity systems —How to get it right"
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Bl Aggregating VRE over alarge geographical area reduces variability

Smoothing by aggregating

1.0
08
06
04
0,2
0,0

Single turbine (Oevenum/Fohr) 225 kW

1.0

& 0.8
os

0.4
0,2
0,0

1.0
08
06
04
0,2

0,0 ‘
2112 2212 2312 2412 2512 26.12 2712 2812 29.12 30.12 31.12

4 4 4 4
All WTs In Germany 14,3159 GW

+
+

Source: Stein, 2011
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Reducing gate closure times is equivalent to increase
W \vind forecast accuracy

Average error is increasing as the time horizon to forecast is increasing

14

Blue curve represents an average for a single |
wind power plant, green curve the
aggregation of whole of Germany, and the
curves in between different portfolios of
wind power plants.

: |

0 10 20 30 40 50
RMSE means root mean square error forecast hOfIZOﬂ [h]
Source: Dobschinski, 2014
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X TECHNOLOGIES |

ERCOT moved from zonal to nodal pricing

ERCOT zonal VS nodal (LMP) grid representation

Source: ERCOT
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ES I Milano - 21/11/2017| 30



I

LMP incentivize infrastructure development in the right
places, increase dispatch efficiency and reduce prices

ERCOT zonal VS nodal (LMP) grid representation

~2000 $/MWh

—1000 $Mwh
]

.| $MWh

Soufce: ERCdT

¥ B
\

CESI
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Handling a storm front in the Nordic system exploiting ESIETIIRETS) (TTGIEEES
cross-border interconnections

Wind Production and Balance of Flows

|- 2 000
i 1750 /—a
1500
1250
1000
750
500
250

MWH /H

-250
500 = TRANSM. DK1->NO1

w—— BALANCE NORW. (NO1)
750 I _ WIND P. DK1
-1 000

1 23 456 7 8 91011121314151617 1819 2021222324
HOUR

Source: Eurelectric
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ENTSOE foresees 40,000 km of new lines to accommodate“=ER
RES with investment worth 80 Billion Euro

- Grid expansion for 3,500 km

»D,D
®@ @@

Expected grid bottleneck
NS @
Source: German Grid Development Plan NM ElantiEhintidon
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B= 9.3 Million U.S. Customers are Enrolled in Demand Response

Sectorial Composition and Breakdown of Demand Response

9.3 1.4 30.8 12.6 $1.2
Million Million

Billion

Mumber of Energy Savings Potential Peak Actual Peak Cost of Customer
Customers (MWVWE) Demand Savings Demand Savings Incentives
Enrolled (GW) (GW) (Billicn $)

m Residential m Commercial ® Industrial

Source: GTM Research, Google Nest
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K. TECHNOLOGIES ){MARKETDESIGN )

Comparing levelised cost of storage co-located for 2015 and 2030

20308 2015

U+
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Source: Bloomberg Net Energy finance, WEC 2016
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Energy storage technologies can be a game-changer and SR [HEEES
B Bcontribute to addressing the intermittency challenge.

ENEL (by far the largest distribution system

Italian Transmission system operator Terna _ _ _
operator in Italy) storage pilot projects

storage pilot projects

Scope: Safe management of the grid Scope: Solve Grid congestion / bottlenecks
Total Capacity: 40 MW Total Capacity: 35 MW
Number of Sites: (Phase I) : 2 Number of Sites: 3
Phase I: 16 MW Storage Lab Ginestra
Codrongianos v Installed Power: = 12 MW
Installed Power: = 8 MW } Status: completed
Status: 5.4 MW completed
¥ Flumeri
Ciminna Installed Power: = 12 MW
Installed Power: = 8 MW Status: 6.0 MW completed
Status: 3.2 MW completed
" Scampitella
Technology evaluation Installed Power: = 12 MW

Status: building in progress
Phase II: 24 MW
Casuzze and Codrongianos: to be started

Source: Terna, ENEL
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Final Remarks [1/3]

» RES and particularly variable RES as wind and PV have had, are having and
will have explosive development

» RES and specifically wind and PV have become a big business overtaking the
investments in conventional generating plants

= Combination of technology /construction developments and volumes are
driving down CAPEX and OPEX costs of variable VRES

= Variability and average low equivalent hours of operation per year of PV and
also in many countries for wind, pose challenges to their extensive
development
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Final Remarks [2/3]

= A holistic approach to overall electrical system design is a key to success —
Each country power system is unique even if some general statements can be
drawn. Sophisticated technical, economic and regulatory analyses on a
case-by-case basis must be conducted over an adequate period of time

= The implications of reductions in subsidies or other support schemes must
be carefully analysed to avoid a drastic reduction on VRES investments as
results of incentive reductions(eg some EU countries)

» Theright location with high wind and solar factors and low grids connection
costs for new large VRES project is a key to success
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Final Remarks [3/3]

= Regulatory bodies have a fundamental role in both development of VRES and
typology of counter measures to smooth the impact on the power system

= VRES are in any case a pathway for climate change mitigation, but also
investments that reduce dependence on imported fuel, improve air quality,
Increase energy access and security of supply, promote economic
development, and create jobs.

= |n countries where an electricity market exists they have contributed to the
reduction of pool price even if for some categories of clients this has not been
reflected in their bills

= Cautions on extrapolations to other countries of auctions $/kWh values
got in nations with very high levels of wind and insolation and very low local costs

= Working together, the main energy stakeholders will be able to meet all current
challenges facing RES integration in electricity systems by learning about both
positive and negative experiences of other countries.

"Variable renewable energy sources integration in electricity systems —How to get it right"
ES I Milano - 21/11/2017 39



