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Figure Legend:
Fig. 1. Geclogical time scale and development of oxygen in Earth’s atmosphere, BCE = before current era




Carbon Dioxide Variations
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The Greenhouse effect

Some solar radiation is Some of the infrared
mﬂeeted by the atmosphere radiation passes through
: the atmosphere and Is
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Some of the infrared radiation is

, absorbed and re-emitted by the

Solar radiation passes through ' greenhouse gas molecules. The
the clear aimosphere. direct effect is the warming of the
Incoming solar radiation: earth’s surface and the troposphere.
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19865, The sciance ol cimate change, contribution of working group 1 Lo the sacand assessment report ol Lhe intergovernmental paned cn climale charge, UNEP and WIMO, Cambridge university peess, 1996



Global Energy Po flal
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Evolution of wind turbine
heights and output
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Alliance of six institutions led by researchers
at the University of Virginia are designing the

world’s largest wind turbine



https://sumrwind.com/
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Veranderung des weltweiten Energiemixes bis 2100

Prognose des Wissenschaftlichen Beirates der Bundesregierung
Globale Umweltveranderungen

Jahrlicher Primarenergieeinsatz
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Global Investment in New Power Capacity, by Type (Renewables, Fossil Fuels and Nuclear Power), 2017
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Global New Investment in Renewable Energy by Technology in Developed, Emerging and Developing Countries, 2017

Technology

Solar power

E Wind power
u Bio-power

Small-scale
hydropower

u Biofuels

@ Geothermal

power

~ Ocean

Source: BNEF

REN21 RENEWABLES

L O[~ ¥

New Investment in 2007 (Billion USD)

100

W 45.4
T ] 115.4
| 52.4
(TR T 54.8
2.3
2.3
0.2
Il 3.0
1.7
0.3
0.6 Developed countries
I i.l M China
M Other developing and
0.2 emerging countries
0
0 20 40 60 80

120

Change

relative to 2016

Solar
power
_19 Wind
Bio-power
o Small-scale
hydropower
Biofuels
DA Geothermal
V8 Ocean
energy



Estimated Renewable Share of Total Final Energy Consumption, 2016
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Renewable Energy in Total Final Energy Consumption, by Sector, 2015

Transport

32%

16.4%

Traditional
biomass

REN21 ey yasLES 2018 GLOBAL STATUS REPORT

. O]~ ¥

21%

Renewable
energy

8.4%
Modern

renewables
other than electricity

Al
19%

Renewable
electricity for heat

2.8%

Biofuels

3%
Renewable
energy

Lr

0.3%

Renewable

electricity

25%

Renewable
energy

Renewable
electricity



Global Renewable Power Capacity, 2007-2017
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Estimated Renewable Energy Share of Global Electricity Production, End-2017

13.9%

Non-renewable
electricity

16.4%

Hydropower

2.0%

Wind power

2.2%

Bio-power

1.9%

Solar PV

RE& RENEWABLES 2018 GLOBAL STATUS REPORT

0.4%

Ocean, CSP and
geothermal power




Share of Electricity Generation from Variable Renewable Energy, Top 10 Countries, 2017
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Jobs in Renewable Energy
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Number of Countries with Renewable Energy Regulatory Policies, by Sector, 2004-2017
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Countries with Energy Efficiency Policies and Targets, End-2017

|
= /' L.  Both energy efficiency target and policy
Q (-

1 | Energy efficiency policy only
. Energy efficiency target only

No policy/target or no data

Source: REN21 Policy Database

REN21
muEn RENEWABLES 2018 GLOBAL STATUS REPORT



Shares of Bioenergy in Total Final Energy Consumption, Overall and by End-Use Sector, 2016
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Consumption of Heat from Bioenergy in the EU-28, by Country and Fuel Source, 2006-2016
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Global Bio-Power Generation by Region, 2007-2017

Terawatt-hours per year
600 WorldTotal . Restof World

hhh Terawatt-hours B China
*| South America

500
B Asia
™ North America
400
. EU-28
300
200
00— // 2

2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017

REN21
o@D RENEWABLES 2018 GLOBAL STATUS REPORT



Global Trends in Ethanol, Biodiesel and HVO/HEFA Production, 2007-2017
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Figure: 10

Some Conversion Pathways to Advanced Biofuels
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Geothermal Power Capacity Global Additions, Share by Country, 2017
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Geothermal Power Capacity and Additions, Top 10 Countries and Rest of World, 2017
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Hydropower Global Capacity, Shares of Top 10 Countries and Rest of World, 2017
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Solar PV Global Capacity and Annual Additions, 2007-2017
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Solar PV Global Capacity, by Country or Region, 2007-2017
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Solar PV Capacity and Additions, Top 10 Countries, 2017
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Solar PV Global Capacity Additions, Shares of Top 10 Countries and Rest of World, 2017
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Concentrating Solar Thermal Power Global Capacity, by Country and Region, 2007-2017
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Solar Water Heating Collectors Global Capacity, 2007-2017
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CSP Thermal Energy Storage Global Capacity and Annual Additions, 2007-2017
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Solar Water Heating Collector Additions, Top 20 Countries for Capacity Added, 2017
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Solar Water Heating Collectors Global Capacity in Operation, Shares of Top 12 Countries and Rest of World, 2016
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Solar District Heating Systems, Global Annual Additions and Total Area in Operation, 2007-2017
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Wind Power Global Capacity and Annual Additions, 2007-2017

Gigawatt

R World Total
o0 539 Gigawatts
500 487 .—

433 I
319 .
300 283 —[KJ3 -
238 &8
200 198 8
159
121 38

2007 2008 2009 2010  20M

REN21  peyewagLES 2018 GLOBAL STATUS REPORT

ZamEn

2012 2013 2014 2015 2016 2017

= Annual
additions

~ Previous
year's
capacity L

W2
%’D

S N S I S




Wind Power Capacity and Additions, Top 10 Countries, 2017
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Wind Power Offshore Global Capacity by Region, 2007-2017
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Market Shares of Top 10 Wind Turbine Manufacturers, 2017
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Population Without Access to Electricity, by Region or Country, 2010-2016
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Figure: 29

Share of Electricity Demand Met by Wind Power, Selected Countries
with over 10% and EU-28, 2016
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Figure: 59 a

Conceptual Progression from the Baseload Paradigm to a New Paradigm of
100% Renewable Electricity
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Figure: 59 b

Conceptual Progression from the Baseload Paradigm to a New Paradigm of
100% Renewable Electricity
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Figure: 59 ¢

Conceptual Progression from the Baseload Paradigm to a New Paradigm of
100% Renewable Electricity
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GIVING THE RIGHT PRICE TO
ENERGY PRODUCTION
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EU 2030 Framework for Climate and Energy
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Revolution Now
Accelerating Clean Energy Deplovyvment

LAND-BASED WIND DISTRIBUTED SOLAR PV
Wind accounted for 31 ()/ Over S8 GW installed by 2014,
of all new generation O equal in capacity to 16 typical
capacity installed in the U.S. coal fired power plants

from 2008 through 2014

LEDS

78 million
total LED bulbs
installed through
2014—a six-fold
growth since 2012

UTILITY-SCALE SOLAR PV

Grew by in 2014 to 9.7 GW total— EVS
6 8 ()/ over 99% of this total has Nearly 300,000 evs
O been installed since 2008 sold through 2014

Falling Costs for Clean Energy Technologies
Indexed Cost Reductions Since 2008
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Deployment Sources:

Land-Based Wind: Wiser, R Bolinger, M. 2014 Wind Technologies Market Repovrt. LEBNL. August 2015, tip//go.usa gov/ISRFQ

Utility & Distributed PV: GTM & SEIA. U S. Solar Market Insight: 2014 Year-in-Review. March 2015, Assuming one coal plant is typically O.5S GW.

LEDs: US. Department of Energy. Solid-State Lighting Program. Adoption of Light Emitting Diodes in Cormmmon Lighting Applications. Prepared by Navigant Consulting, July
201S. mtp.//go.usa govw/3ISRz)

EVs: Argonne National Laboratory. 2014 Vehicle Technologies Market Report. March 2015 http//go usa gov/35735.

Cost Sources:

Land-Based Wind: Wiser., R; Bolinger. M. 2014 Wind Technologies Market Report. LBNL. August 2015 hitp /Jgo usa gov/3SRFQ. Bolinger, M. Wiser. R, MEMORANDUM -
Docurnentation of a Historical LOCOE Curve for Wind in Good to Excellent Wind Resowrce Sites, LENL, June 11, 2012, Updated Feb. 10, 2014.; and Moné, C.; Lantz, E. Fiscal Yoor
20715 WWPTO LCOE Reporting Memorandhum. NREL September 2015

Utility-Scale PV: Bolinger. M Seel. ). Utility-Scalfe Solar 2014 An Empirical Analysis of Project Cost, Performance, and Pricing Trend's in the United States. LEBNL, 2015
nipfgousagov/ISReG.

Distributed PV: Barbose, G Darghouth, N. Tracking the Sun VI The installed Price of Residential and Non-Residential Photovoltaic Systerns in the United States. LBNL, 2015
nttpgousagov/3ISRz3

LEDs: US. Department of Energy. SSL Program, LED Lamp & Lurminaire Product Tracker — AT9 Lamps. Q2 2015

Modeled Batteries: Costs are modeled costs for high-volume battery systems, derived from DOE/UIS Advanced Battery Consortium PHEV Battery development projects.
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Cost Reductions Since 2008
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HOW VANCOUVER WILL GET TO 100% RENEWABLE ENERGY BY 2050

2014 BUILDINGS AND 2050

Total Eneray Use Total Energy Use

59.3 Milhion GJ TRANSPORTATlON 28.35 Million GJ

Double the use of +12.9 8.3
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om Elsystamet lige nu

Iylland - Sverige
Eksport: 15 MW

Jylland - Norge
Eksport: 953 MW

Elsystemet lige nu
Malt i Mw:

Centrale kraftvaarker

Decentrale kraftvaarker

vindmgller

Solceller

Nettoudveksling eksport 1.818
Elforbrug 3.760

C02 udledning 197 g/kwh

IKONFORKLARING v

Sjeelland - Sverige

Eksport: 212 MW

Storebeelt
—-—-= 579 MW

Jylland - Tyskland
Eksport: 159 MW '

L
[ ]
-y

e

Bornholm - Sverige
Import: 1 MFW

Sjzelland - Tyskland
Eksport: 479 MW

Sidst opdateret 9. Februar 2014 22:59




Energy Storage Systems

Batteries
= Regular & Flow Systems

Pressurized Systems
=  Compressed Air

Kinetic Energy Storage |
* Flywheels (magnetic propulsiony  Gravitational Energy

Magnetic Energy Storage * Pumped Hydro Station
* Superconductors, Inductors =« Thermal Energy
Electric Energy Storage * Phase Changing
Materials

= Supercapacitors

Chemical Energy

= Hydrogen Energy
Storage



Conventional Electricity Grid — Microgrid Systems
Solar Power _o
Plant |
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Community Microgrid System
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ENERGY MIRACLE? SOLAR

$W (0C) MW nstalled
- 100,000
\ Costs down
50 150 x
- 10,000
- 1,000
? - 100
Cumulative
installations - 10
up 115,000x
i 1

075 190 1985 1990 195 2000 2005 2010 2015
~=\olume installed (MW) - RH scale  ==Crystalline silicon PV module price (2015 $W(DC)) - LH scale



Bloomberg

WIND AND SOLAR EXPERIENCE CURVES NEW ENERGY FWANGE
ONSHORE WIND LEVELISED COST SOLAR PV MODULE COST
‘m 1 m— VTN — Ot
1,024 -
o i anere MODULE COSTS
HAVE FALLEN i
ME 50% SINCE 2009 §9)% SINGE 1976
80% SINCE 2008
256 - 10
128 1
64 - 11
19%
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NEW ENERGY FINANCE

BENCHMARK THERMAL COAL PRICES Bloomberg
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UK COAL DEMAND, 1860-2015
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Solar Farm Costs Are Shrinking
The global weighted average of a utility-scale solar project is set to fall by 84 percent

B Module M Inverter MMRacking and mounting M Other BoS hardware [ Installation/EPC/development
" other

Dollars Per Kilowatt

Source: IRENA analysis and Photon Consulting, 2016 Bloomberg @



Solar May Beat Coal in A Decade

BMsoar Mwind McceT  Mcoal
350

300

~J
(¥ ]
L]
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[ ]
L]
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Dollars Per Megawatt-Hour

AH
— ——

50

0 [ ! I ! I !
2009 2012 2015 2018 2021 2024

Source: Bloomberg New Energy Finance
Note: Price in real 2016 dollars

2027

2030

2033

2036 2039
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» G;@
~ 4 SUMMER OF
- ?é d L;\ R #SummerofSolar ""'IBE!}LA
F 4
Prices of utility-scale solar PV in key markets
United Kingdom
Germany
USD 0.093/kWh USD 0.080/kWh
France Jordan
USD 0.089/kWh  ysp 0.067/kWh
Mexico
USD 0.045/kWh United Arab Emirates
USD 0.030/kWh*
Brazil
Peru USD 0.080/kWh
USD 0.048/kWh
Chile
USD 0.065/kWh ,
South Africa
USD 0.075/kWh
kWh = kilowatt-hour

* Bid price (rounded up from USD 0.0299/kWh;
winning bid still undetermined at tima of publication)

AAT AP BLIATAL VI TAIAS 14 AP YA 1AL - NPALATIN S SUASY A 2
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http://www.spiegel.de/wirtschaft/unternehmen/bild-663770-36540.html

100%

Renewable Energy is

POSSIBLE =~

RENEC 2013
INYERﬂAﬂWL 100 % RENEWABLE ENERGY CONFERENCE AND EXHIBITION
EUROSOLAR hmq the Turbssh Sechon of Followerg the paths 12 Le el pel 0 e onclaxoms
Eurgean Av00as 1t 1 Rmeectie Eaprges i ol RENECILZ, the glasy challesge 13 traesthrm

e avh 1 w2 of e Acsocition, 15 arganinng  delaly e wosting eaergy netmork far 2 WS
roery perr RENEC Internadacal 100% Rernewabls  1oronbis soegy e shall e e man herrs
[rwegy Cooferancen, V1wt up v ternatored ol e tepesof RENEC 1D

patiorm o dwams 1y Inchrecal acorams

prated mpet of irendan b2 00N Reesnidts

Erergy 208 Lol £ he Coursss 18 roak oo el ol
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TRANSITIONTO
100% RENEWABLE ENERGY
IS THE ONLY SOLUTION

EUROSOLAR Turkey the Turkish Section of the Eurcopean Association
for Renewable Energy, once a0ain hrings you the annual International
100% Renewable Energy Conference [IRENEC 2014), As per the
visian of the Assaciation, IRENEC provides an international pletform
for the sharing of knowledge and ideas regarding the technical,
econamuc, and political aspects of the transition to 1009% Renswabtile
Energy and for building the networks to realize this visson through
industry. architecture, transportation, local communities and training.

Following on the direction laid out in the conclusions of Last yeoar's

Conference, the main theme of IRENEC 2014 is the global challenge
of transtforming the existing energy netwaork (o enable a 100%
reneswasble energy future.

We are looking forward to the pleasure of
meeting you at IRENEC 2014




29-27 JUNE 2015
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Renewable Energy
for Equity,
Freedom,

Peace and Local
Employment

SUROSOLAR Turkey, the Turkmh Sechan of 1he European Assocaton for Renewahie
Erd gy, 00 300 DONGgS you 1he annusl Imer national 100% Renewable Energy
Conference IRENEC 2010) As peor the vican of 1he Assaciaton, IRENEC provades

S0 ey NSl pLMFOr s 108 The SHhar g of K ledge and 1deds fegarnding the
10CH Bl QoM , and Soliic ol JSpects of 1he 1ratrson 1o 1009% Renawabite Emvergy
and for Bulding 1he At wor as Lo raabee 1Pes viseon theough induasiry, archileciure,

1EM SO0 Tatwy, 100 a1 COMmumbies and T sy .

Following on the direcbon laid out i the conclusions of Lest your s Conference, the
muasn thema of IRENEC 2015 (» the globel chetionge of transformmmg the oxnslng enuergy
Nulwee k 1o enatie o 100% renewable energy future.

We are looking forward to the pleasure of
meeting you at IRENEC 2015
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IRENEC 2016

S INTERNATIONAL

0% RENEWABLE ENERGY CONFERENCE

Transition to

Ecological and
Democratic Societies
Using 100% Renewable
Community Power

Transition of communities, islands, countries and regions to 1009% Renewable Energy
[RE) can be realized only by the local, national and regional governments which are
on the solution side.

The green solution in the energy field is the achievement of 100% renewable energy
target by the integration of the energy end-use efficiency. smart grids and storage of
the renewable energy using the best available technologies

Energy-Economy-Ecology decision making models and internatization of
Externalities are required to plan the future energy systems with the technologies of
the future and to eliminate the dislocation of obsolete technologies from one market
to another in ocour global living space.

Renewable Energy Association of Turkey [EUROSOLAR Turkeyl]. once again brings
you the annual International 1009 Renewable Energy Conference ([IRENEC 2016].

As per the vision of the Association, IRENEC conferences provide an international
platform for the sharing of knowledge and ideas regarding the technical, economic,
and political aspects of the transition to 1009% Renewable Energy and for building the
networks to realize this vision through industry, architecture, transportation,

local communities and training. -, e
enewa L3 ner
Assocation of Tu 24

We are looking forward to
the pleasure of meeting you

at IRENEC 2016 ggag{..., S



IRENEC 2017

. 7" INTERNATIONAL
7o RENEWABLE ENERGY CONFERENCE

www.irenec.org

How to Speed-up

the Global Transition
to 100% Renewable
Energy™2?

Transition of communities, islands, countries and regions to 100% Renewable Energy
(RE) can be realized only by the local, national and regional governments which are on
the solution side.

The green solution in the energy field is the achievement of 100% renewable energy
target by the integration of the energy end-use efficiency, smart grids and storage of
the renewable energy using the best available technologies

Energy-Economy-Ecology decision making models and Internalization of Externalities
are required to plan the future energy systems with the technologies of the future and

to eliminate the dislocation of obsolete technologies from one market to another in our
global living space.

Renewable Energy Association of Turkey [EUROSOLAR Turkeyl), once again brings you
the annual International 100% Renewable Energy Conference [IRENEC 2017). As per
the vision of the Association, IRENEC conferences provide an international platform

for the sharing of knowledge and ideas regarding the technical, economic, and political
aspects of the transition to 100% Renewable Energy and for building the networks to
realize this vision through industry, architecture, transportation, local communities and
training.

We are looking forward to the pleasure of meeting you at IRENEC 2017

Renewable Energy
Assocation of Turkey

Istanbul’un Altin liges!

Maltepe Municipality

Turkan Saylan
BELEDIYESI Cituratcenter




We would like to invite the public officials, representatives of
business and industrial organizations, academicians, teachers

and students, NGO representatives to
Fs -

,J\?

81H INTERNATIONAL{_
100% RENEWABLE

& -

b adid

TO GET INFORMED ABOUT AND TO TAKE PART IN
SHAPING TURKEY'S RENEWABLE ENERGY FUTURE.

LET'S MEET TOGETHER TO

get informed about the global and = cooperate in order to adopt the

local implementations and technologic conference results into real life.
developgr:ents in the field of the = identify the roles and responsibilities
renevws Srenengy. of the individuals, decision makers,

to set the roadmap for the transition academic institutions, cooperatives and

to renewable energy in cities and local authorities in the global transition
countries. to 100% renewable energy on the basis

join the workshops where we will of community power principle.

discuss the challenges and solutions
about the transition to renewable energy RENEWABLE ENERGY
in our country. ASSOCIATION

= EUROSOLAR
Istanbul’un Altin ligesi Turkey
MALTEPE ~

BELEDIYESI

www.maltepe.bel.tr

www.irenec.org www.eurosolar.org.tr www.poweringcommunities.org




Springer Pr in Energy

Tanay Sidki Uyar E£ditor

Towards 1009
Renewable

Energy B

Techniques, Costs and Regional Case-
Studies

Springer

dst ed. 2017, X, 453 p. 221 IUlus., 161
illus. In color.

Printed book

Hardcover

219,99 € | £199.99 | $279.99
11235,39 € (D) | 241,99 € (A) | CHF
242,00

eBook

178,49 € | £159.50 | $219.00
[2]1178,49 € (D) | 178,49 € (A) | CHF
193,50

Available from your Ubrary or
springer.conmnvshop

MyCopy 2

Printed eBook for just

€ | $ 24.99

springer.com/mycopy

Lifelong 40% discount for authors

EEgEE

springer.com

Tanay Sidki Uyar (Ed.)

Towards 100% Renewable
Energy

Techniques, Costs and Regional Case-Studies

Series: Springer Proceedings in Energy

This volume collects papers presented at the International 100% R
Conferences (IRENEC) from 2011 to 2015. Given the time span, the cr
updated to ensure they are timely, and pertinent. These proceeding:
international group of research scientists and experts contributing -tp;
their research, development, and implementation. This book Is aimed
decision makers who are working on problems and Issues within e
graphs, and diagrams accompany the text promoting100% renewab!
solidarity with energy end-use efficiency and renewable energy sto
Towards 100% Renewable Energyoffers leaders considering the trai
to alternative solutions new food for thought and Iincentives for actio

Order online at springer.com / or for the
or email us at: customerservice@springerna
or emall us at: customerservice@springernatur
The first € price and the £ and $ price are net
books: the €(D) Includes 7% for Germany, the

electronic products: 19% for Germany. 20% for
details are subject to change without notice. AlL



Status, Requirements and

Strateg

ic Planning for Speeding

up the Global Transition to 100%6
Renewable Energy

IRENEC 2019

QTHINTERNATIONAL

100 %

RENEWABLE

ENERGY CONFERENCE

Raenewable Emergy Revolution wwith Cormmumity
Powrer requires active contribution of all
stakeholders and support from Decision
Makaers taking part om the solbution side.

Mo more blackouts anyw hera in the seorld
weith wwind, water, bico-enaergy, geocthaermal
and sunlight providing stable 100 9% cleaam
remaw able powear for the Waorld.

Al cities of The world to Qo o 1T00% Remnewa ble
Enaergy by 2060 for Equity, Fresdom, Peacs
and Local Employmeant

doim us and build up your happiness on anargy
democracy.

RENEWABLE EMNMERGY
ASSDODCI1IATIO

Let's be together on April 24-246, 2019

www.ir‘enec_urg -

www.Eurnﬁnlar‘.nrg_tr -

W

WY . powwEringCcormimunities _ org




