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We can go for a walk where it’s quiet and dry
And talk about precious things

Like love and law and poverty, ooh-ooh
(These are the things that kill me)

We can go for a walk where it’s quiet and dry
And talk about precious things

But the rain that flattens my hair, ooh

(These are the things that kill me)

The Smiths - The Queen is dead (1986)
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https://www.youtube.com/watch?v=eubgWMwSD0k
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Websites-Podcasts |

® Owovouxds ToyvSpdu.og
® Energy Press
® The Guardian - Environment

® Qur World in Data
Accesible Data and Visualizations

® Bruegel
Top EU Think Tank

¢ The Intergovernmental Panel on Climate Change (IPCC)
® European Environmental Agency

¢ (Climate Adapt
EU Knowledge Repository on Climate Adaptation
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https://www.ot.gr/
https://energypress.gr/
https://www.theguardian.com/uk/environment
https://ourworldindata.org/
https://www.bruegel.org/
https://www.ipcc.ch/ 
https://www.eea.europa.eu/en 
https://climate-adapt.eea.europa.eu/
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Websites-Podcasts 11

e UN SDSN
The United Nations Sustainable Development Solutions
Network

® Freakonomics Radio
Podcast about the hidden side of Economic Thought

¢ (Climate Rising
Haravard Business School Podcast

® (Climate Solutions
EIB Podcast
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https://www.unsdsn.org/ 
https://freakonomics.com/archive/
https://www.hbs.edu/environment/podcast/Pages/default.aspx 
https://www.eib.org/en/podcasts/transport-climate-solutions
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Learning Obijectives

® Stocktaking of key Issues in Sustainable Development
and Climate Change
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Learning Obijectives

® Stocktaking of key Issues in Sustainable Development
and Climate Change

¢ Underscoring the role of Innovation and Green
Technology

® Assessing Policy Initiatives for Net Zero in terms of
Efficiency and Justice

¢ Evaluating the Sustainability Performance of
Economic and Social Pillars

¢ Thinking as Economists!
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Economics Buzzwords

e Incentives

» How are peopple nudged towards the decisions they
make?
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Economics Buzzwords

® Incentives

» How are peopple nudged towards the decisions they
make?

Trade-offs

> Every Action (or Policy) entails Costs & Benefits

e Externalities

> Actions that affect 3d parties outside the market
mechanism

® Data
» Key tool for Evidence-based Policy

6/80
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Incentives everywhere

® Nobel Laureate R. Thaler
in his book Nudge
showed that a little push
is required to change
human behavior

¢ A fly in Amsterdam
Airport’s toilettes reduced
spillage by 80 %
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https://www.bbc.com/news/business-41549533
https://www.bbc.com/news/business-41549533
https://www.bbc.com/news/business-41549533
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Poly-Crisis
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Global Temperature on the Rise

Temperatures have risen 1°C

Temperatures are one degree Celsius above the long-term average
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Cost of Living Crisis

Euro area annual inflation and its main components,
March 2016-March 2026
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Uncertainty Transmissions

Figure 1.3. Global Uncertainty

(Index)
1,400
1,200 - ——— World Uncertainty Index (WUI)
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Sources: Ahir, Bloom, and Furceri 2022 (worlduncertaintyindex.com); Baker,
Bloom, and Davis 2016 (policyuncertainty.com); and Caldara and others 2020
(matteociacoviello.com/tpu.htm).

Note: The uncertainty measures are news- and media-outlets-based indices that
quantify media attention to global news related to overall uncertainty (WUI),
economic policy uncertainty, and trade policy uncertainty. WUI is divided by 100.

12/80



Introduction Climate Change Innovation Green Innovation
0000000000e000000 00000000000000000 000000000000000000000000 00000000000000000000

Sustainable Development

¢ 21st Century Challenge: Sustainable Development which
combines:

13/80



Introduction Climate Change Innovation Green Innovation
000000000 0e000000 0000000000000 0000 000000000000 000000000000 0000000000000 0000000

Sustainable Development

¢ 21st Century Challenge: Sustainable Development which
combines:

» Economic Welfare spearheaded by Innovation

13/80



Introduction Climate Change Innovation Green Innovation
O000000000e000000 0000000000000 0000 0000000000 00O00000O0000000 0000000000000 0000000

Sustainable Development

¢ 21st Century Challenge: Sustainable Development which
combines:

» Economic Welfare spearheaded by Innovation

» Social Justice and tackling Inequality in all aspects

13/80



Introduction Climate Change Innovation Green Innovation
O000000000e000000 0000000000000 0000 0000000000 00O00000O0000000 0000000000000 0000000

Sustainable Development

¢ 21st Century Challenge: Sustainable Development which
combines:

» Economic Welfare spearheaded by Innovation
» Social Justice and tackling Inequality in all aspects

» Addressing Climate Change through Mitigation and
Adaptation

13/80



Introduction Climate Change Innovation Green Innovation
O000000000e000000 0000000000000 0000 0000000000 00O00000O0000000 0000000000000 0000000

Sustainable Development

¢ 21st Century Challenge: Sustainable Development which
combines:

» Economic Welfare spearheaded by Innovation
» Social Justice and tackling Inequality in all aspects

» Addressing Climate Change through Mitigation and
Adaptation

» Digital Transition for All with Labor Market adaptation
to Technological Change

13/80



Introduction

Climate Change Innovation Green Innovation

O000000000e000000 0000000000000 0000 0000000000 00O00000O0000000 0000000000000 0O000000

Sustainable Development

¢ 21st Century Challenge: Sustainable Development which
combines:

>

>

Economic Welfare spearheaded by Innovation
Social Justice and tackling Inequality in all aspects

Addressing Climate Change through Mitigation and
Adaptation

Digital Transition for All with Labor Market adaptation
to Technological Change

International Cooperation for the achievement of these
Goals
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Sustainable Development Goals
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Human Development

e [fuman Development transcends standard economic
metrics like GDP per capita
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https://hdr.undp.org/
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Human Development

e [fuman Development transcends standard economic
metrics like GDP per capita

Development as the Realization of Human Capabilities

> based on the seminal work of Nobel Laureate Amartya
Sen

Flagship UN Human Development Report

Human Development Index as the Key metric

Associated with but not Synonymous to Economic
Growth
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https://hdr.undp.org/
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Human Development Index Dimensions

DIMENSION
DIMENSIONS INDICATORS INDEX

LOng and . lfeexpectancy atbirtn  * Lfe
healthy life expectancy index

T + Expected years of
KnOW|Edge schooling + Education index

Human Development
Index

+ Mean years of schooling

A decent :l:' + GNIper capita(PPP$)  « GNIindex
standard of living
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Human Development Index (value)

Human vs(?) Economic Development

Human Development Index (value) and GNI pc 2021

uE

T = T T T T 1
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Gross National Income Per Capita (2017 PPPS$)

Source: UNDP
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Planetary Pressures Adjusted HDI

PHDI is created by multiplying the HDI Relationship among
by an adjustment factor HDI, A and PHDI

HIGHER PLANETARY

Material PRESSURES
footprint
per capita index 0,000 @ =0
g
A
N
Planetary 1.000 @ = @
pressures-—
adjusted LOWER PLANETARY
HDI (PHDI) PRESSURES
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Accounting for Planetary Pressures

Planetary pressures—adjusted HDI and GNI pc 2021

T T T T
500 5000 10000 20000 50000 120000

Gross National Income Per Capita (2017 PPP$)

@ Non-EU @ EU Economies

Source: UNDP
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Climate Change is Real

® Unprecedented Economic Growth since 1800 commingled
with Unprecedented Environmental Disruption
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Climate Change is Real

Unprecedented Economic Growth since 1800 commingled
with Unprecedented Environmental Disruption

Anthropecene: Geological Era of Human-induced Climate
Degradation

Linear Trajectory is Unsustainable

Grave Impacts for Climate and Biodiversity

» Food (In)Security
» Climate Migration

» Fiscal Burden
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® Approximately 3.3-3.6 billion people live in contexts
that are highly vulnerable to climate change
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Stylized (scary) Facts

® Approximately 3.3-3.6 billion people live in contexts
that are highly vulnerable to climate change

® 42% of Global GHG Emissions (1850-2019) occurred
between 1990 and 2019

® The melting of the world’s glaciers is accelerating
alarmingly to lose the equivalent of three Olympic
swimming pools each second

® Scientists estimate that CC caused 62 00 deaths in
Europe in 2022 — the world’s fastest warming continent

® Global mean sea level increased by 0.2 m between 1901
and 2018.

21/80



Introduction Climate Change Innovation Green Innovation
000000000000 00000 00@00000000000000 0000000000 00O00000O0000000 0000000000000 0000000

CC Economic Impacts

e Almost 12,000 extreme climate and water-related events
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CC Economic Impacts

e Almost 12,000 extreme climate and water-related events
over the past 50 years have caused over $4.3 trillion in
losses

e Total economic losses from weather- and climate-related
events in the EU-27 between 1980 and 2021 exceeded
€560 billion

¢ Up to 132 million people globally at risk of falling into
extreme poverty because of cc by 2030

® Weather-related extreme events in 2024 caused $304
billion in global economic losses — a 58.9% increase
from the 2010-14 annual average

¢ Combined global climate-health productivity effects
across food, agriculture, built environment, and
healthcare sectors — $1.5 tr. by 2050
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IPCC SIXTH ASSESSMENT REPORT (AR6)

Human activities, principally through emissions of
greenhouse gases, have unequivocally caused global
warming, with global surface temperature reaching
1.1°C above 1850-1900 in 2011-2020. Global
greenhouse gas emissions have continued to increase,
with unequal historical and ongoing contributions
arising from unsustainable energy use, land use
and land-use change, lifestyles and patterns of
consumption and production across regions, between
and within countries, and among individuals (high
confidence)

UN IPCC, March 2023
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Human-Induced Climate Change

Observed changes in climate over the last 2022 years

Variations in atmospheric carbon dioxide levels and global average temperature 418 ppm
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CO2 Emissions by fuel

CO2 emissions by fuel type, World

Annual carbon dioxide (CO,) emissions from different fuel types, measured in tonnes per year.

Other industry
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CO2 Emissions by Sector

oiland gas
fugitive smissions

l other
Electricity and heat Coalmining
tugitive emissions
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o4 Energy o
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change,
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Domestic aviation
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01
Notes: CO, = carbon dioxids; GHG = greenhouss gas; GICO,s = gigatonnes of carbon dioxide squivalent.

Source: Minx et al. (2022), described in Minx et al. (2021) and used in IPCC (2022b).
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Greece CO2 Emissions by Source

CO2 emissions by fuel or industry type, Greece
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Greece CO2 Emissions by Sector

Greenhouse gas emissions by sector, Greece, 2019

Emissions are measured in carbon dioxide equivalents (CO2eq). This means non-CO2 gases are weighted by the

amount of warming they cause over a 100-year timescale.
28.57 million t

Electricity and heat

Transport 18.01 million t

Aviation and shipping 11.6 million t

Industry 8.41 million t

Agriculture 7.14 million t

Buildings 5.44 million t

Manufacturing & Construction 4.62 million t

Waste 4.61 million t

Land-use change and forestry 1.4 million t

Other fuel combustion 8 850,000 t

Fugitive emissions 850,000 t

0t Smiliont 10 miliont 15 milliont 20 milliont 25 million t

- CCBY

Source: Our World in Data based on Climate Analysis Indicators Tool (CAIT).  OurWorldinData.org d g
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Greece CO2 per capita

Per capita CO2 emissions

Carbon dioxide (CO.) emissions from fossil fuels and industry’. Land use change is not included.

10t

8t

6t

Greece

4t

2t

Otr T T T v v T |
1945 1960 1970 1980 1990 2000 2010 2021

Source: Our World in Data based on the Global Carbon Project (2022) O Data. 2-and- g issi -CCBY

1. Fossil emissions: Fossi emissions measure the quantity of carbon dioxide (CO) emitted from the burning of fossil fuels, and directly from industrial
processes such as cement and steel production. Fossil CO; includes emissions from coal, oil, gas, flaring, cement, steel, and other industrial processes.
Fossil emissions do not include land use change, deforestation, soils, or vegetation.
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Addressing Climate Change

¢ Climate Change Mitigation (CCM)

A human intervention to reduce emissions or enhance the
sinks of greenhouse gases

» Promoting the use of Renewable Energy Sources
» 1 Energy Efficiency
» Carbon Capture & Storage

¢ Climate Change Adaptation (CCM)

The process of adjustment to actual or expected climate
and its effects, in order to moderate harm or exploit
beneficial opportunities

» Prevent & Adapt to Extreme Events (floods, droughts,
wildfires)

> Compensate populations severely affected by CC
30/80
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Climate Targets and Commitments

@ Increase in Global Temperature 1.5°C above
pre-Industrial levels

© Reduce GHG Emissions by 55% compared to 1990
@ Net Zero GHG Emissions by 2050

Q $ 300 billion per year for climate action in developing
countries

© 42.5% renewable energy sources in the EU’s overall
energy mix by 2030.

o ..
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® Science-based Solutions
Green Technologies spurred by Innovation through reliable data and

evidence-based practices
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How can we Achieve Climate Targets?

® Science-based Solutions
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How can we Achieve Climate Targets?

Science-based Solutions

Green Technologies spurred by Innovation through reliable data and
evidence-based practices

Funding

Mobilization of Public and Private Funds to finance the transition to
Sustainability

Transformation of the Financial System

Government Intervention

Co-shaping Solutions in the presence of Externalities

Design & Implementation of Green Policies and strong incentives for the

private sector

International Cooperation

Sharing best practices and ensuring Global course

Behavioral Change

Societal Shift towards Sustainable Practices
32/80



Climate Policies and Temperature

Global greenhouse gas emissions and warming scenarios

- Fach pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario.
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150Gt
No climate policies
4.1-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt
Current policies

SOGE I

25-29¢

- emissions with current climate policies in
place result inwarming of 2.5 t 2.9°C by 2100.

Greenhouse gas emissions

up tothe present |Pledges & targets (2.1°C)
pledges resultin warming of 2.1°C by 2100.
o 2°C pathways
1.5°C pathways
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Data source: Climate Action Tracker (based on national policies and pledges as of November 2021). Last updated: April 2022.
OurWorldinData.org - Research and data to make progress against the world's largest problems. licensed under CC-BY by the authors Hannzh Ritchie & Max Roser.
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Global Temperature Impacts

POTENTIAL IMPACTS OF CLIMATE CHANGE

- Major effects on warm water coral reef ecosystem.
O - Significant impacts on vulnerable ecosystems and species (polar regions, wetlands, and cloud forests).
o - Increase in coastal and river flooding.
L . increase in extreme weather events.
~— - Increase in the spread of tropical infectious disease.
- Increase in heat-related morbidity and mortality.
- The Maldives, the Marshall Islands, Tuvalu, and many other small island nations have been abandoned.
- Major loss of warm water coral reef ecosystem.
€D - Major changes in the Arctic regions with a substantial loss of Arctic sea-ice.
@ - Majorincrease in extreme weather events and the spread of infectious disease.
- Major increase in heat related morbidity and mortality, especially in the low latitudes.
o" - Significant impacts on vulnerable ecosystems (polar regions, wetlands, cloud forests, and mangroves).
€N - Significant increase in coastal and river flooding around the world.

- Significant impacts on low latitude fisheries.
- Decrease in crop yields and productivity especially in the tropics and sub-tropical regions.

« Do not go there.

°C above pre-industrial levels
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Climate Resilient Development

IPCC Definition

Climate resilient development (CRD) is a process of
implementing greenhouse gas mitigation and adaptation
options to support sustainable development for all
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Climate Resilient Development

IPCC Definition

Climate resilient development (CRD) is a process of
implementing greenhouse gas mitigation and adaptation
options to support sustainable development for all

¢ (Climate action and sustainable development are
interdependent processes
— CRD possible when this interdependence is leveraged

* Example: Clean energy generation + healthy diets from
sustainable food systems,+ universal health coverage and
social protection
= Substantial health and well-being co-benefits
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Energy Efficiency Trends and Needs

[£3 welioff rack  changsis neading in tha right cirection, but well below the requirad poce JA exponentiaipossible
gco,/kwn =Ouistorical  _ _ _, Cument _ _ _ _ o wxa;uadsﬂm
600
2018 data
500 :::::::::!h¢===\ |'E="
vt
v T
400 . Acceleration
. required to reach
. 2030 target
.
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300 :
.
.
v
.
.
200 a xnniiii
0
100 a
el N 2050 target
oS
HISTORICAL DATA -
e e e "
2000 2010 2020 2030 2040 2080
Natas: gCO,fewh = grams of carben disxide per klowatt-hour, Data for 2021 afe an estirmate for now; b8 iiabla.
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ated [EA boense agresment; targats trom Climate Action Trocker (20206).
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Innovation Essentials

Definition

Innovation is defined as a new or improved product or
process (or combination thereof) that differs significantly from
the unit’s previous products or processes and that has been
made available to potential users (product innovation) or
brought into house by the unit (process Innovation)

OECD Oslo Manual 2018
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Innovation Essentials

Definition

Innovation is defined as a new or improved product or
process (or combination thereof) that differs significantly from
the unit’s previous products or processes and that has been
made available to potential users (product innovation) or
brought into house by the unit (process Innovation)

OECD Oslo Manual 2018 )

. Under capitalism, innovative activity-which in other
types of economy is fortuitous and optional-becomes
mandatory, a life and death matter for the firm
W. Baumol 2002
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Innovation: The X Factor

¢ Innovation is at the Epicentre of the discussion on
Economic Growth and Sustainable Development
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® — Production of New Useful Knowledge

¢ Oxymoron: Innovation cannot be predicted!

R&D Spending promotes but do not guarantee
Innovation

Knowledge as a (quasi) Public Good — Low
Appropriation of Benefits

» G. Flauber (1911): All Innovators die in the poor house.
Someone else profits from their discoveries, it is not fair.
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Innovation: The X Factor

Innovation is at the Epicentre of the discussion on
Economic Growth and Sustainable Development

— Production of New Useful Knowledge
Oxymoron: Innovation cannot be predicted!

R&D Spending promotes but do not guarantee
Innovation

Knowledge as a (quasi) Public Good — Low
Appropriation of Benefits

» G. Flauber (1911): All Innovators die in the poor house.

Someone else profits from their discoveries, it is not fair.

Matt Ridley: Innovation is the child of freedom and the
parent of prosperity. It is on balance a very good thing.
We abandon it at our peril
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Industrial Revolution and GDP per capita

GDP per capita, 1 to 2016
GDP per capita adjusted for price changes over time (inflation) and price differences between countries — it is measured in
international-$ in 2011 prices.

' United States

$50,000
$40,000 ki
United Kingdom
~ - France
— South Korea
$30,000
$20,000
China
$10,000
$0
1 500 1000 1500 2016
Source: Maddison Project Database (2018) OurWorldinData.org/economic-growth + CC BY

Note: These series are adjusted for price differences between countries based on only a single benchmark year, in 2011. This makes them suitable for studying
the growth of incomes over time but not for comparing income levels between countries.
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Embedded Human Knowledge
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The Death of Distance

15001840

Best average speed of horse-drawn coaches
and sailing ships, 10 mph.

1850-1930

Steam locomotives average 65 mph.
Steamships average 36 mph

1950s

Propeller aircraft
B00—400 mph.

1960s

Jet passenger aircraft
S500-700 mph.
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Innovation NOT Invention

¢ Innovation associated but Not Synonymous to Invention
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Innovation NOT Invention

Innovation associated but Not Synonymous to Invention

The term involves Useful Knowledge which 1
Productivity and well-being

Incorporates Commercialization and Dissemination of
knew Knowledge, Products and Methods

Mostly Incremental Process driven by collective thinking,
economic incentives, communication and freedom

There is no day when you can say: computers did not
exist the day before and did the day after, any more
than you could say that one ape-person was an ape,
and her daughter was a person

(Matt Ridley)
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Unpredictable Indeed

. There is a world market for maybe five computers
Thomas Watson, the head of IBM in 1943
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. There is practically no chance communications space
satellites will be wused to provide better telephone,
telegraph, television or radio service inside the United
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Tunis Craven, commissioner of the Federal
Communications Commission, 1962

. Cellular phones will absolutely not replace local wire
systems. Even if you project it beyond our lifetimes, it
won’t be cheap enough

Marty Cooper, Head of Research in Motorola 1981
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Unpredictable Indeed

. There is a world market for maybe five computers
Thomas Watson, the head of IBM in 1943

. There is practically no chance communications space
satellites will be wused to provide better telephone,
telegraph, television or radio service inside the United
States
Tunis Craven, commissioner of the Federal
Communications Commission, 1962

. Cellular phones will absolutely not replace local wire
systems. Even if you project it beyond our lifetimes, it
won’t be cheap enough

Marty Cooper, Head of Research in Motorola 1981

. There’s no chance the iPhone is going to get significant
market share. No chance.

Steve Ballmer, chief executive of Microsoft 2007
44/80
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Prediet Nudge the Unpredictable

e Whilst dictated, Innovation is encouraged and fostered by
deliberate Economic & Social choices — Policy

» Development and functioning of Institutions
» Fostering Knowledge and Skills

» Encouraging and incentivizing Creativity

>

Promoting and diverting (?) Economic Growth

® Mokyr (2002)

What matters, clearly, is culture and institutions. Culture
determines preferences and priorities. All societies have to
eat but cultural factors determine whether the best and
the brightest in each society will tinker with machines or
chemicals , or whether they will perfect their swordplay
or study the Talmud. Institutions set the incentives and
penalty structure for people who suggest new techniques
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® Innovation requires the Functioning of Institutions

>

Well-defined Property Rights and Intellectual Property
Rights

» Functional Product Markets

» Education System that fosters Human Capital

» Interconnections from Academia to Research to

Entrepreneurial Activity

Open Economy (Trade, FDI, Mobility) to shape
Absorptive Capacity
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Innovation and Institutions

® Innovation requires the Functioning of Institutions
» Well-defined Property Rights and Intellectual Property
Rights
» Functional Product Markets
» Education System that fosters Human Capital

» Interconnections from Academia to Research to
Entrepreneurial Activity

> Open Economy (Trade, FDI, Mobility) to shape
Absorptive Capacity

» Social Attitudes that promote Systemic Change and are
open to new Ideas
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Chinese vs Columbus Flagship
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Innovation and Government

® Anecdotal Evidence of impeding role of Government for
Innovation
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Innovation and Government

® Anecdotal Evidence of impeding role of Government for
Innovation

® Government Policies can Enhance Innovation Activity

>

»

>

R&D Spending especially during Basic Research
Fiscal and Regulatory Incentives for Private R&D

Industrial Policy — shift to Technologically Advanced
Sectors

Enhance Absorptive Capacity of domestic sector and
induce Technology Transfer from abroad
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Innovation and Government

® Anecdotal Evidence of impeding role of Government for
Innovation

® Government Policies can Enhance Innovation Activity

» Ré&D Spending especially during Basic Research
» Fiscal and Regulatory Incentives for Private R&D

» Industrial Policy — shift to Technologically Advanced
Sectors

» Enhance Absorptive Capacity of domestic sector and
induce Technology Transfer from abroad

e Strong Role of Government in US Innovation dominance
(DARPA, Bell Labs) and Japanese & Korean tech boom
after 1950
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Public Sector and Smart Innovation

What makes the iPhone so ‘smart’?

Multi-touch sreen NAVSTAR-GPS
Dok, CIA/NSF DoD DoD/NAVY

\ \

iPod Touch and iPhone (2007)

Signal Compression

Ay Research Office

iPad (2010}

HTTR/
HT™ML
CERN
Micro hard drive Microprocessor Cellular technology
Dok/DARPA DARPA S military |: RPA
f
©MarianaMazzucato . p. 109, Fig. 13
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Innovation Promotion Toolbox

Innovation Policy Toolkit

(ualityof  Conclustveness Effect om

eviidimce of evidence  Net benefit Time frame inequality
Pulicy (1) 2 3) (4) ()
Direct R&D grants Medium Medium  #F Medium run 1
RE&D tax credits High High  #F{FF  Shortrun 1
Patent box Medium Medium  Negative NA 1
Skilled immigration High High  #F#F5F  Short o medium run 1
Universities: incentives Medium Low kT Medium run 1
Universities: STEM supply ~ Medium Medium ¥ 9 Long run 1
Trade and competition High Medium  #F3F%F  Medium run 1
Intellectual property reform  Medium Low  Unknown Medium run Unknown
Mission-oriented policies Low Low & Medium run Unknown

Source: Bloom, van Reenen and Williams (2019)
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as the
Network of institutions in the public and private
sectors whose activities and interactions initiate,
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Innovation Systems

Innovation is (almost never) the result of a Linear
Process

Multifaceted Systemic Process involving diverse but
interconnected actors across the Economy

Freeman (1987) describes the National Innovation System
as the

Network of institutions in the public and private
sectors whose activities and interactions initiate,
import, modify, and diffuse new technologies

National and Regional Innovation Systems foster
Creation and Dissemination of Innovation
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National Innovation System (DIANEOSIS)

Korvvikoowovopuxé Mepifaihov i

= Zfrenon
Ayopéc ané IBwonkég Anpéag A NepiPahh ywo Liotnua
Enxeipnpatikétnta, Kivnoxénta (brain drain‘gain)
A A
\ \
Napaywymd/ Mokruxé-Awomnuxd
Enncipnpauxe Lownpa
Lidotnpa Liowpa
Exnaibeuong xm KuBépvnon (Appébia
Ynoupyeia kal

Meyshes Eneipfiaei “Epeuvac
A Eopfloukor, Tpappatzies,
Y Napaxor Dopeic enayyeh o Mepipepeax kan Tonmir
Tovahoyiog, exnaibeuong-xatdpuong Autobioiknan)
|

Dipapeg MuE Innovation
Brokers Néoi Araxuépvnon
MNaver o/
c Mecohafnteg ey mfu {Erpatnyikeg, Mnxaviopol
{communities of vl Euvionayod xat
Néec Enesphac practice, clubs, Ydonoinong, 0ol
EVIGOEW Evaei) Anpéoor Epeuvnitikol Xaprg, Mo
Tvidang/ Tecvahoylag Dopsig Anpéaiay Yonpeav,
NopoBeoia, PuBpiotkig
A A Apwéc, Evixa Tupfoikia
\ Y Epewvag/Kawvoropiag)
| —— |
Moksaxéc ETAKEsTAI
Xpnpatoniotwukd X ) Epnopia enpeAntipia, (Enpeipnpauxémtag
Foomypa (Tpaneleg, Seed | OPYoviouoi v opiol Ynaothpigng ag xal Enscipnpauioi Evidoewg Mvaaang, kan
Capital, Venture Capital, T T Edvbecyor kar ahhor Avanwtng Ikavoutuwy
Business Angels k.4 ) xai Tunoncinang enmaxuv tég, coaching, mentoring) stakeholders xa1 Aoritay)
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3 T’s

¢ Richard Florida’s influential work emphasizes on the 3
T’s that promote Innovation, Productivity and Well-being
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3 T’s

Richard Florida’s influential work emphasizes on the 3
T’s that promote Innovation, Productivity and Well-being

Technology

> Key Innovation Input

» Public & Private Efforts underpinned by Institutions

® Talent

» Attracting and Retaining Talent

® Tolerance

» Embrace Different People and New Ideas

» Directly connected with the other 2 T’s!
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Barriers to Innovation

e Risk aversion

Uncertainty in size/timing/apprporiation of benefits, fear of the unknown
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Barriers to Innovation

e Risk aversion

Uncertainty in size/timing/apprporiation of benefits, fear of the unknown

¢ Institutional and Regulatory barriers

Excessive red tape, lack of innovation systems, low competition

e Hard to Finance

High uncertainty, lack of (tangible) collateral, timing of benefits

® Slow pace of accommodating processes

Production and organizational structures need to catch-up

® Social - Behavioural Inertia

Adverse labour & sector seffects, technological and behavioral lock-ins

® Vested Interest
Incumbents lobbying against change, low incentive to innovate
54/80



Introduction Climate Change Innovation Green Innovation
000000000000 00000 0000000000000 0000 O00000000000000000e00000 0000000000000 0O000000

European Innovation Scoreboard

® The European Commission monitors the functioning of
Innovation Systems with the yearly publication of the
European Innovation Scoreboard (Link)
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Innovation Systems with the yearly publication of the
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innovators, Moderate innovators and Emerging
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® Greece among the Moderate Innovators gradually (but
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European Innovation Scoreboard

The European Commission monitors the functioning of
Innovation Systems with the yearly publication of the
European Innovation Scoreboard (Link)

4 Groups of EU countries: Innovation leaders, Strong
innovators, Moderate innovators and Emerging
innovators

Greece among the Moderate Innovators gradually (but
slowly) closing the gap with EU best practices

Strong in Human Capital and Innovators, lacking in
Commercialization, attracting and retaining Talent &
Government Support

55/80


https://research-and-innovation.ec.europa.eu/statistics/performance-indicators/european-innovation-scoreboard_enl

Country

EIS - Summary Innovation Index
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Source: European Innovation Scoreboard 2022
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Country

EIS - Tertiary Education

1.1.2 Population with tertiary education (Regional)

Source: European Innovation Scoreboard 2022
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Regional Innovation Scoreboard

Tertiary Education and Lifelong Learning
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CY - Cyprus
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EIS - Innovative SMEs

3.1.1 SMEs introducing product innovations (Regional)
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European Innovation scoreboard 2022
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Country

EIS - Patent Applications

ations (Regional)

3.3.1 PCT patent app

Source: European Innovation Scoreboard 2022
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Green Innovation

e Green innovation (or eco-innovation) refers to
innovations resulting in reduced environmental impacts

» Embodied in clean, sustainable production,
eco-technologies, antipollution technologies
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Green Innovation

e Green innovation (or eco-innovation) refers to
innovations resulting in reduced environmental impacts

» Embodied in clean, sustainable production,
eco-technologies, antipollution technologies

¢ Effects include COZ2 emission reduction, other pollution
reduction, waste treatment, sustainable agricultural
production and better resource use
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Green Innovation

e Green innovation (or eco-innovation) refers to
innovations resulting in reduced environmental impacts

» Embodied in clean, sustainable production,
eco-technologies, antipollution technologies

¢ Effects include COZ2 emission reduction, other pollution
reduction, waste treatment, sustainable agricultural
production and better resource use

¢ Innovation can be in products, services, processes to
benefit end customers or affect internal operations
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Green Innovation

Green innovation (or eco-innovation) refers to
innovations resulting in reduced environmental impacts

» Embodied in clean, sustainable production,
eco-technologies, antipollution technologies

Effects include CO2 emission reduction, other pollution
reduction, waste treatment, sustainable agricultural
production and better resource use

Innovation can be in products, services, processes to
benefit end customers or affect internal operations

Fundamental to | the costs of clean technologies below
those of environment-harming technologies
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Importance of Green Innovation

® Combating CC requires Green Technologies stemming
from innovative activities
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Importance of Green Innovation

® Combating CC requires Green Technologies stemming
from innovative activities

® “Sub-optimal levels of environmentally friendly
technological change is caused by the interaction of
market failures related to environmental externalities and
in technology development, where knowledge and
adoption externalities work in concert with information
problems to depress levels of technological innovation”
(Jaffe et al., 2005)
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® Combating CC requires Green Technologies stemming
from innovative activities

® “Sub-optimal levels of environmentally friendly
technological change is caused by the interaction of
market failures related to environmental externalities and
in technology development, where knowledge and
adoption externalities work in concert with information
problems to depress levels of technological innovation”
(Jaffe et al., 2005)

® A jolt is needed to 1 attractiveness of low-carbon
technologies before market mechanisms take their course
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Importance of Green Innovation

® Combating CC requires Green Technologies stemming
from innovative activities

® “Sub-optimal levels of environmentally friendly
technological change is caused by the interaction of
market failures related to environmental externalities and
in technology development, where knowledge and
adoption externalities work in concert with information
problems to depress levels of technological innovation”
(Jaffe et al., 2005)

® A jolt is needed to 1 attractiveness of low-carbon
technologies before market mechanisms take their course

® Innovation Systems needed in place to foster New
Technologies for CC Mitigation and Adaptation
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Fostering Green Innovation

e Market forces alone do not suffice for Green Innovation
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Fostering Green Innovation

® Market forces alone do not suffice for Green Innovation

» Environmental and Knowledge Externalities

» Technological and Behavioral lock-ins
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Fostering Green Innovation

® Market forces alone do not suffice for Green Innovation

» Environmental and Knowledge Externalities

» Technological and Behavioral lock-ins

® Path Dependence: Firms tend to specialize (& Innovate!)
in areas they are familiar with — like Fossil Fuels
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® Path Dependence: Firms tend to specialize (& Innovate!)
in areas they are familiar with — like Fossil Fuels

® Public Policy is essential to address market failures but
also directly create value
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Fostering Green Innovation

Market forces alone do not suffice for Green Innovation

» Environmental and Knowledge Externalities

» Technological and Behavioral lock-ins

Path Dependence: Firms tend to specialize (& Innovate!)
in areas they are familiar with — like Fossil Fuels

Public Policy is essential to address market failures but
also directly create value

Commingling fiscal incentives for green technologies (e.g.
Public Procurement with disincentives for brown
technologies (e.g. Carbon Tax)
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Fostering Green Innovation

Market forces alone do not suffice for Green Innovation

» Environmental and Knowledge Externalities

» Technological and Behavioral lock-ins

Path Dependence: Firms tend to specialize (& Innovate!)
in areas they are familiar with — like Fossil Fuels

Public Policy is essential to address market failures but
also directly create value

Commingling fiscal incentives for green technologies (e.g.
Public Procurement with disincentives for brown
technologies (e.g. Carbon Tax)

Reshaping Production, Financial System and
Individual Behaviors in the process
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® Mark Jacobson : Technologies we need are already here
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No miracles needed

® Mark Jacobson : Technologies we need are already here

® Solutions from Water, Wind & Solar (WWS) Capacity
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No miracles needed

® Mark Jacobson : Technologies we need are already here
® Solutions from Water, Wind & Solar (WWS) Capacity

»> Electric vehicles or hydrogen fuel-cell vehicles, where
the hydrogen is produced from green hydrogen
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® Mark Jacobson : Technologies we need are already here
® Solutions from Water, Wind & Solar (WWS) Capacity

»> Electric vehicles or hydrogen fuel-cell vehicles, where
the hydrogen is produced from green hydrogen

> Electric heat pumps will be used for most air and water
heating and air conditioning in buildings
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the hydrogen is produced from green hydrogen

> Electric heat pumps will be used for most air and water
heating and air conditioning in buildings

»> Heat from Geothermal Reservoirs and sunlight will
provide additional air and water heat for buildings
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No miracles needed

® Mark Jacobson : Technologies we need are already here
® Solutions from Water, Wind & Solar (WWS) Capacity

»> Electric vehicles or hydrogen fuel-cell vehicles, where
the hydrogen is produced from green hydrogen

> Electric heat pumps will be used for most air and water
heating and air conditioning in buildings

»> Heat from Geothermal Reservoirs and sunlight will
provide additional air and water heat for buildings

¢ JEA Net-zero Roadmap 2023: technologies not yet
available on the market — 35% of Emissions reductions
needed for net zero compared to 50% in 2021
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EU Eco-Innovation Index

e EU Eco-Innovation Index is a composite measure of
Green Innovation performance across the EU and beyond
building on five dimensions
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EU Eco-Innovation Index

e EU Eco-Innovation Index is a composite measure of
Green Innovation performance across the EU and beyond
building on five dimensions

» eco-innovation inputs
eco-innovation activities
eco-innovation outputs

resource eﬂiciency outcomes

vV v.v.Y

socio-economic outcomes
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EU Eco-Innovation Index

e EU Eco-Innovation Index is a composite measure of
Green Innovation performance across the EU and beyond
building on five dimensions

eco-innovation inputs

eco-innovation activities

eco-innovation outputs

resource eﬂiciency outcomes

vV v.v.v VY

socio-economic outcomes

® Marked progress across EU (2014-24) but still a gap
between leaders and laggards
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EU Eco-Innovation Index 2014-24
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Eco-Innovation Inputs 2024

Eco-Innovation Index 2024
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Eco-Innovation Outputs 2024

Eco-Innovation Index 2024
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Green Technology Examples

® Climate Change Mitigation

> Renewable Energy - Solar, (onshore & offshore) Wind,
Geothermal

> Carbon capture and storage (CCS), Direct Air Capture

»> Energy efficiency improvements - Smart Grids, Building
Energy Management Systems
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Green Technology Examples

® Climate Change Mitigation

> Renewable Energy - Solar, (onshore & offshore) Wind,
Geothermal

> Carbon capture and storage (CCS), Direct Air Capture
»> Energy efficiency improvements - Smart Grids, Building

Energy Management Systems

¢ Climate Change Adaptation

»> Green Rooftops & Green Facades

» Early Warning Systems to warn communities about
extreme weather events

» Flexible Green Walls (Concertainer)
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Positive Signals from Green Technology

® 75 % of total Electricity demand met by Solar in 2025

72/80



Introduction Climate Change Innovation Green Innovation
000000000000 00000 0000000000000 0000 0000000000 00O00000O0000000 0000000000080 0000000

Positive Signals from Green Technology

® 75 % of total Electricity demand met by Solar in 2025

® Renewables overtook Carbon as a Power generation
source for the first time in 2025
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Positive Signals from Green Technology

® 75 % of total Electricity demand met by Solar in 2025

® Renewables overtook Carbon as a Power generation
source for the first time in 2025

e EU GHG Emissions reached their lowest level since 1990
in 2024

e 77 commercially operating plants for CCS in 2025 1 from
50 in 2024

® Electricity generations from fossil fuels | for the first time
in India & China in 2025
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Good News
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Renewable Energy on the Rise

Renewable electricity generation, World
10,000 TWh

Other renewables

8,000 TWh

6,000 TWh

4,000 TWh

2,000 TWh Hydropower

TwWh
1965 1970 1980 1990 2010 2024

Data source: Energy Institute - Statistical Review of World Energy (2025) OurWorldinData.org/renewable-energy | CC BY

Note: 'Other renewables' refers to renewable sources including geothermal, biomass, waste, wave and tidal. Traditional biomass is not
included.
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Solar & Wind % in Total Energy
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EV Sales
Electric car sales in selected markets, 2021-2025
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Solar PV Evolution

i EASY PV
how solar outgrew expectations

Onmn average, actual installations 600
have been more than three

times higher than their

five-year forecasts
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Solar Capacity Key Player(s)

Renewable capacity additions (GW)
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Lithium Battery Costs

Price and market size of lithium-ion batteries since 1002

Price per kilowatt-hour; KWh (ogarithmic axis)
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Renewables Cost Efficiency

The price of electricity from new power pPlants
Electrlc1ty prices are expressed in ‘levelized costs of energy’ (LCOE).
COE captures the cost of building the power plant itself as well as the
ongomg costs for fuel and operating e power plant over its lifetim
sas59
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