Mudanc¢a Climatica
Onde estamos, para onde vamos?

Plataforma para o CRESNMENTD
SUSTENTAVEL

Carlos
Pimenta



De acordo com estudos de Angus Maddison, a variacao do PIB mundial per
capita a precos constantes em ddlares internacionais de 1990, desde o0 ano 1

a 1700, foi muito pequena, de 467 para 615. Calcula-se que nesses mesmos
anos a populacao global era 226 e 603 milhoes. Porém, de 1820 a 2006 o PIB
per capita nas mesmas unidades, subiu de 666 para 7215 e a populacao global
de 1041 para 6560 milhdes. Dois aumentos a escala global verdadeiramente
prodigiosos que vieram dar maior qualidade de vida, bem-estar e riqueza a
uma humanidade muito mais numerosa.

De 1820 a 2006 a populacao mundial aumentou por um factor de 6,3 e o PIB
mundial per capita aumentou por um factor de 10,8. Porém as diferencas neste
indicador de crescimento econdmico entre paises sao muito elevadas. Por
exemplo, o seu valor é 24,7 nos EUA, 7,1 no Egipto e 4,6 na india.

http://www.ggdc.net/maddison/maddison-project/home.htm
https://ourworldindata.org/gdp-data/ https://www.gapminder.org




Desafios da Sustentabilidade
Desigualdades sociais e econdmicas crescentes

Pobreza extrema e severa, fome, deficiéncias de assisténcia e
cuidados de saude e educacao. Conflitos e migracoes

Inseguranca
alimentar,
escassez de agua
e de outros
recursos naturais,
perda de
biodiversidade,
degradacao
ambiental

Insustentabilidade
dos sistemas de
energia

Alteracoes
Climaticas



Climate change is a change in the statistical distribution
of weather patterns when that change lasts for an extended
period of time

Climate change may refer to a change in average weather conditions,
or in the time variation of weather around longer-term average
conditions (i.e., more or fewer extreme weather events).

Climate change is caused by factors such as biotic processes,
variations in solar radiation received by Earth, plate
tectonics, volcanic eruptions and anthropogenic factors.

Note- the IPCC Summary for Policymakers is a clear summary of the main scientific questions relating to Climate

Change
http://www.ipcc.ch/pdf/assessment-report/ar5/syr/AR5 SYR FINAL SPM.pdf
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Concentracao do dioxido de carbono aumentou de 42%
desde o século XVIII

Atmospheric CO, at Mauna Loa Observatory
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@BERKRE%EY Global land temperatures have increased by 1.5 degrees Celsius over

TEMPERA TURE

Decadal Land—-Surface Average Temperature
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http://berkeleyearth.org/results-summary/

the past 250 years

Temperature Anomaly (°C )

“Our results show that the average
temperature of the earth’s land has risen by
two and a half degrees Fahrenheit over the
past 250 years, including an increase of
one and a half degrees over the most
recent 50 years. Moreover, it appears
likely that essentially all of this increase
results from the human emission of
greenhouse gases.”

Prof Richard A. Muller
University of California, Berkeley
OP-ED CONTRIBUTOR

The Conversion of a Climate-Change Skeptic

By RICHARD A. MULLER
Published: July 28, 2012

http://www.nytimes.com/2012/07/30/opinion/th
e-conversion-of-a-climate-change-
skeptic.html|? r=3&pagewanted=all&




Berkeley Earth: June 2016

Relative to 1951-1980 average —= www.BerkeleyEarth.org
| | |
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Temperature Anomaly (° C)

Temperature Anomaly 0.925C 1951-1980

Period 1850-
Present

1900-Present
1950-Present
1970-Present
1990-Present

Trend C/decade
0.06 C/decade
0.086 C/decade
0.12 C/decade
0.179 C/decade
0.19 C/decade

http://berkeleyearth.org/temperature-reports/june-2016/

July was hottest month on
record for the globe

Analysis confirms 15 consecutive months of record-
breaking heat

JUNE Extremes Berkeley Earth: June 2016

Relative to 1951-1980 climate
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Os Oceanos estao a aquecer

O litoral em risco

BIeached coral in American Samoa spring 2015

Os Oceanos tornam-se mais acidos

Pacific Palisades section of Los Angeles



Change of ocean surface pH (1986-2005 to 2081-2100)

O oceano esta cada vez mais acido
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Ocean
Temperature
rising

Annual average with 95% confidence interval

January to September 2015

Likely range for 2015 final average
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Melting from below
Scientists have long known that glaciers resting under sea level can be
unstable if they rest on a downward sloping sea bed.

1. Warmer ocean currents erode the glacier's base from below. The
grounding line retreats downhill, and as it does, even more of the glacier

is exposed to warm water. It melts more, and flows faster.

Thinning Previous profile R eceding
of ice sheet )
Previous edge
of ice shelf
Ice front
Iceflow
Ice shelf
Glacier, i
or ice sheet e
’ -
4

Glacial
retreat

Grounding line Continental
when ice flow shelf
was stable

Source: "Contribution of Antarctica to
Past and Future Sea-Level Rise," by
Robert M. DeConto and David
Pollard, in Nature

CHIQUI ESTEBAN, BONNIE BERKOWITZ,
PATIERSON CLARK / THE WASHINGTON POST



Atlantic Ocean

Arctic sea ice in
the summer

may soon be a
memory

Sea ice acts as an air
conditioner for the
planet, reflecting
energy from the sun.
On September 17,
the Arctic sea ice
reached its
minimum extent for
2014.

Russia

Lapte“v Sea
' Creenland

median extent—

At 5.02 million

square kilometers,

it’s the sixth lowest

extent of the Bering Sea Canada
satellite record 500 km

Sea Ice Concentration (percent)

https://www.youtube.com/watch?v=jjwpOWeRZus —

http://earthobservatory.nasa.gov/IOTD/view.php?id=84418&src=eoa-iotd
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http://www.cop21.gouvfr/en/learn/

Regrettably, many efforts to seek concrete solutions to the environmental
crisis have proved ineffective, not only because of powerful opposition but
also because of a more general lack of interest. Obstructionist attitudes,
even on the part of believers, can range from denial of the problem to
indifference, nonchalant resignation or blind confidence in technical
solutions. We require a new and universal solidarity

Laudato si

http://w?2 vatican.va/content/francesco/en/encyclicals/documents/papa-francesco 20150524 enciclica-laudato-si.html




PARIS Climate Agreement — cor 21

N

Climate Justice and Money

flow of S100bn (£66bn) a year will continue beyond
2020. By 2025 the draft agreement undertakes to
improve on that “from a floor of $100bn”.

http://www.cop21.gouvfr/en

http://www.theguardian.com/environment/climate-change

Keeping temperatures below 1.5C

EMISSIONS TARGETS - Pledges to curb emissions, but
The INDCs are recognised under the agreement, but are
not legally binding. (180 countries have pledges)

Long-term global goal for net zero emissions

“net zero emissions” between 2050 and 2100. The UN’s
climate science panel says net zero emissions must
happen by 2070 to avoid dangerous warming.

Aiming to the End of Fossil fuels?

Stocktake every five years,
Transparency - a review mechanism to ramp up those
pledges every five years

Loss and damage

a mechanism for addressing the financial losses
vulnerable countries face from climate impacts such as
extreme weather.



ACORDO DE PARIS, COP 21, 2015
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As of 17 August 2016, 22

Parties have ratified.

Climate Analytics projects that at
least another 35 Parties are likely to
ratify the Agreement by the end of
2016.

Based on ratifications to date (22) ,i.e.
August 2016, national statements and
indications given to a high level meeting
on early ratification in New York on Friday
22 April 2016 and other information, it is
estimated that at least 57 countries are
likely to have ratified the Paris Agreement
by the end of 2016, accounting for 59.88%
of global emissions.

Impact of national climate pledges (aka INDCs) on world’s greenhouse

gas emissions measured 1n CO2 equivalents (CO2e).



SOME EXPECTED CONSEQUENCES OF CLIMATE CHANGE
Ecosystems deterioration

Rise in sea level and its acidity

Increase in frequency and
intensity of extreme climatic
events (e.g. floods, hurricanes,
long droughts)

3 Increase of desertification
Climate change is not merely the long-term forecast. It is already here, and it is likely to get significantly worse by
the end of this century. The seas will sour as the water grows more acidic, extreme weather will become more
extreme and more common, and Arctic sea ice in the summer may be a memory.

Source: IPCC AR5 http://www.ipcc.ch/report/ar5/index.shtml




How hot does it get in a world run by
economists?

And the answer was, well, really rather warm if we use
conventional “market” rates of discounting to weigh up the

benefits of avoided impacts in the future against the costs of
avoiding emissions today.

Because carbon dioxide accumulates in the climate system, the
marginal benefits of one more puff will always exceed the costs
on the environment if we discount the future fast enough.

Professor Myles Allen
http://www.eci.ox.ac.uk/news/2015/1208.html




Biodiversity Loss
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Ecological threshold is the point at which there is an abrupt change
in an ecosystem that produces large, persistent and potentially
irreversible changes.

e Slight changes in climate may trigger major abrupt ecosystem
responses that are not easily reversible. Some of these responses,
including insect outbreaks, wildfire, and forest dieback, may adversely
affect people as well as ecosystems and their plants and animals.

* One of the greatest concerns is that once an ecological threshold is
crossed, the ecosystem in question will most likely not return to its

previous state.

USGS Thresholds of Climate Change in Ecosystems:

http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1009&context=usgspubs
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NUMBER OF EXTINCT SPECIES OVER TIME

Sexta exting¢ao
massiva de espécies

e 0 empobrecimento de ecossistemas Fish
Amphibians
O exemplo da “explosao das alforrecas” Reptiles
Energyflow i | e
More  Less Revol.ution
WHEN MENHADEN DOMINATE WHEN JELLYFISH DOMINATE Mammals

Menhaden provide an efficient
pathway for energy to flow from
plankton to large predators.

Fishing could free jellyfish from
competition. They could eat more
plankton, diverting energy from
larger predators.

Reduced production of new biomass

Vertebrates
Less energy
to predators

it

Jellyfish
compete with
menhaden
=\ S # NN T ]  1500- 1600 1600 - 1700 1700 - 1800 1800 - 1900 1900 - 2010
* YEARS

http://www.lenfestocean.org/en/news-and-publications/data-visualizations/could-fishing-and-jellyfish-suppress-gulf-menhaden
http://advances.sciencemag.org/content/advances/1/5/e1400253.full.pdf




Water stress indicator (WSI) in major basins: ~ J/
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Escassez de agua

http://www.unep.org/dewalvitalwater/jpg/0222-waterstress-overuse-EN.jpg



The greatest threat to our planet is the belief that someone else will save it

Robert Swan

Over 80% of marine pollution comes
from land-based activities.

From plastic bags to pesticides - most of
the waste we produce on land eventually
reaches the oceans, either through
deliberate dumping or from run-off SE—— Equatorisl Countercurrent
through drains and rivers oo

http://www.noaa.qgov  http://dels.nas.edu/resources/static-assets/osb/miscellaneous/osb-pollution-in-ocean.pdf
http://www.unoceans.org/activities/en/

http://www.plasticoceans.org http://www.algalita.org
https://en.wikipedia.org/wiki/Great Pacific garbage patch




The Great Pacific Garbage Patch

Is an area of marine debris, laying approximately 135° to 155" West and 35° to 42" North. Although it shifts every year and exact position is hard to tell. It lies within

North Pacific Gyre and does not go anywhere, as it is confined by its currents.

The area
The Patch is around 2200 kilometers long and 800 kilometers wide

Somewhere in the pacific

ocean is a floating mass

of sinister proportions.

Stuck in the North Pacific

Gyre and trapped by

currents, it remains there.

The great pacific garbage piastic soup

patch is about 2 dterld o
objects and particles,

1,760,000square R i e

kilometers of marine i

debris. Mainly consisting

of plastic, it is almost

three times the size of

Spain and Portugal

combined.

1760 000

square
kilometers

Almast 3 times more than Spain
and Portugal combined

Depth to
10 meters

nd half of it)

UN Environment
Programme estimated
recently that each
square mile of ocean water
contains 46,000 pieces
of floating garbage.

Problems created by c:

PACIFICSEA
e S
| Garbage Patch |

Bt fouls beaches worldwide and scares tourists away

® Plastic entzngles marine animals and drowns them, strangles them and
makes them immavzble,

W Plastic litter washed ashore destroys habitats of coastal species.

B plastic litter gats inside ships propellers and keels, making ship maitanence
more expensive.

B Plastic does not biodegrade, plastic things make an ideal vessel and enable
invasive species to mowe to further regions.

How does it form?
Currents in the Pacific Ocean create a circular effect that pulls

debris from North America, Asia and the Hawaiian Islands. Then
it pushes it into a floating pile of 100 million tons of trash.

Where does it all come from?
80%

Land, brought by sewer
systems and rivers to the
sea.

Ships and ocean sources like
nets or fishing gear, many
containers fall into the sea after
severe storms.

@ Interesting facts

Less than 5% of plastic is recycled .

In the Central North Pacific Gyre, small pieces of plastic
outweighed surface zooplankton by a factor of 6 1o 1in
1999. But the ratio in 2010 may already be 60to 1.

@ Photodegradation

Plastic never biodegrades, it doesn't break down into natural
substances. But it goes through a photodegradation process,
splits into ever smaller and smaller parts, which are still plastic.

How long does it take to
photodegrade plastic:

Dispasable
diaper
Six pack

v Plastic ring
Plastic
bottle

http://visual.ly/great-pacific-garbage-patch
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Economia Circular

http://www.easac.eu/fileadmin/Reports
/Easac_15 CE_web_corrected.pdf
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European Academies’

SacC

Science Advisory Council

Circular economy:

a commentary from the
perspectives of the natural
and social sciences

Summary

In May 2015, the European Academies’ Science Advisory Council (EASAC) started a
review of issues related to the ‘circular economy’. The circular economy involves many
aspects of science, technology and social science but this commentary is intended to
contribute to the debate between stakeholders on the principles and objectives of
the European Commission’s policy. This has been compiled by a Working Group of
scientists and economists nominated by member academies of EASAC.

This commentary provides background on natural and social science aspects
relevant to policy devlopment on the circular economy; it may be used to
inform debate on the principles and broad approach to the circular economy.

It reviews the benefits foreseen for a circular economy and potential risks for the
transition phase. In a world of increasing population and per capita consumption where
existing levels of consumption of resources are already well above sustainable levels,
improving the efficiency with which humanity uses resources is a priority. However,
barriers that stand in the way of a transition to a circular economy are substantial and
increased by some current trends in corporate and consumer behaviour. EASAC accepts
the rationale for, and potential qualitative benefits of, the circular economy. However,
there are uncertainties over models used in quantifying the benefits, and questions
remain over transition to a circular economy. Further research options to reduce these
uncertainties are identified.
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Energy, Environment and Climate- Key urgent measures:

* Limit and put a proper price for the emissions of CO2 and
other GHG

* Establish targets for renewables and energy efficiency

* Establish Goals for sustainable mobility

* Enforce the legal protection of Biodiversity and the
sustainable management of the Global Commons

* Promote Circular Economy and combat poverty Carlos Pimenta 2016



Energy In transition

Energy is the main cause of Climate Change, but the other sectors, such as food
production, urban management, industry, etc, should not be forgotten

Environment and Climate Change are permanent
main determinants in the choice of Energy Policies

Technology is now the main driver of evolution
(not policy or regulation)

A new Paradigm for (Energy) Business is emerging

(new actors, old actors doing new things, smart systems, “prosumers’,
electrification of energy, decarbonisation, etc.) it will be part of the movement to
a Shared economy; startup mentality; in a internet based economy



A queda acentuada do custo do solar fotovoltaico tornou o “grid-parity”
uma realidade, tornando-se um investimento atractivo para os clientes

Custos do solar PV distribuido para sistemas <100 kW

€/Wp, 2006-2013, 2020E llustracao do conceito de paridade com a rede
______ 5.0 €/MWh
A
4.4 Paridade com
4.3
a rede
3.6

Preco
retalhista de
eIectricidadeA

2.9

2.4

15

Custo nivelado do
0.6-0.8 solar fotovoltaico

[ I I I I I I I I I |

INN& INN7 INNQ INna In1n 2011 2012 2013 2020E 2014-2016 ANoOS
Fonte: BSW-Solar PV Price Index 5/2012, EDP
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The parity timeline solar

There are an enormous number of variables in calculating socket and grid parity in differing markets, not least what
happens to fossil commodity prices which can vary dramatically between regions. However, Figure 73 shows our estimate
of a parity timeline, showing residential ‘socket parity’ already having been achieved in many markets, with utility scale
solar achieving parity vs. CCGT’s potentially from the middle of this decade and wind already there in some markets.

Parity for renewables is already a reality in some market, and will
become more widespread in a short timeframe

Figure 73. The parity timeline, showing cost competitiveness of residential and utility scale solar in various countries, with reference to wind
generation and the development of shale resources.

Wind/ CCGT parity Germany Japan us China Australia Russia
Saudi Arabia
ili i Japan i
Utility Scale Solar/ CCGT parity p US Australia Germany China
Solar residential socket parity .
Italy Australia Germany
Spain Portugal us Japan UK
Crossovers ¢ v ¢ v ¢ v i v v l v
2005 2007 2009 2011 2013 2015 2017 2019 2021
Industry developments
< Chinese shale gas development
< US shale boom )
< Saudi push into solar
- German solar boom 2
Japanese push into solar
< ?

Source: Citi Research




Th
Renewables We make our own

Renewables are no longer a fad but a fact of life, supercharged by advances in power

storage
Jan 17th 2015 | From the print edition

Energy Storage for a Sustainable Home

Powerwall from TESLA is a home battery that charges using electricity generated from solar panels,
or when utility rates are low, and powers your home in the evening. It also fortifies your home against
power outages by providing a backup electricity supply. Automated, compact and simple to install,

Powerwall offers independence from the utility grid and the security of an emergency backup.

Solar Panel

Mercedes-Benz To Follow Tesla
With Its Own Home Batteries

Stephen Edelstein

Home

Outlets Home une 5, 2015
DC Outlets
V/ H 'Y
o . il il \ If there’s a holy gr.all out t'here. these d.a\.(s, it’s
e —1f /K - | y storage, because innovations in electricity
] storage would change the economics of wind

and solar power.
e oo Daniel Yergin

Powerwall Inverter Electrical



V2G may be part of the solution

Grid Operator V2G fees paid to driver
— - ‘ . GPS
Power l
~. Command ' Power

L"I | Response
Aggregator | . Wireless :
T[] Provider :

«— Internet

‘;! Driver Usage Profile J

. and Preferences

No futuro os automoveis serao usados também como baterias que podem acumular energia e
devolvé-la a rede quando necessario ou econdmico (Vehicle to Grid — V2G)



O CO, como critério de gestdo urbana

& Vixjo kommun
Ton CO,/capita GJ/capita Ton CO,/TJ The Greensst ity i Barope

m The Greenest City in Europe V=G A
Stockol 3’ 3 95’ 2 41 i 3 Environmental Practice | o
Baltic Cities Award 2007 Award i Batic Gities |

Malmoe 4,9 105,0 46
Victoria-Gasteiz 6,4 102,0 63

Pori 11,7 165,7 70
Burgos 8,0 115,0 70
Barcelona 2,8 38,6 71

City of Vaxjo received Sustainable Energy Europe Award 2007

Pavia 6,0 71,2 84 during the European Sustainable Energy Week.

Fossil Fuel Free Vaxjo is an overall programme initiated by the City of
Tampere 8,1 94,8 85 Véxjo to reduce human impact on the global climate change. In 1996,
Ancona 6,3 73,1 86 Vixjo politicians decided unanimously to strive towards a fossil fuel free
_ municipality. The share of renwable energy is now over 50%.
Verbania 8,6 97,1 89

[

Maribor 8,4 37 90  INatureza da energia
Nord Milano 8,8 89,8 98

Catarina 5,0 49,9 100 priméria é critica!



An unparalleled technological and
scientific revolution

New matter
New “Life”

Health, longevity and demography
revolution

Real-time decentralized data processing

Shared Globalization with millions of
users

Dematerialization and Mass
Customization

New energy forms

Europe loses the mobile-phone war

The . Africa’s new wealth
Economlst Japan’s tea party

How to switch off the internet

onomist.c The shoe-thrower’s index

Prmt mea Stradlvarlus

The manufacturing technology that will change the world

This violin was made using an
EOS laser-sintering 3D printer
(and it plays beautifully)

h 5 €5.50 . 3
'J!',".!.!lll!lll L!!Imm

A basic 3D printer, also known as a fabricator
or “fabber”, now costs less than a laser
printer did in 1985




