1123 2017

EU Research &
Innovation Day
Conference

Climate Crisis and
Inclusive Innovation

Kim Myung Ja, Ph.D.

President, Korean Federation of Science & Technology Societies (KOFST)
President, Korea Business Council for Sustainable Development (KBCSD)
Visiting Distinguished Professor, KAIST (2008-16)

National Assembly Member (2004-2008)

Minister of Environment (1999-2003)

KC 35T




KC-ST
What are the Key Factors of Global Trends 2025?

- Globalization & Multi-polar System
- World Population Growth & Aging Population in the Developed World
- Increase in Energy Consumption & Prices

- Resource Depletion and Rising Commodity Prices

- Climate Change & Increasing Socio-Economic Pressures
- Natural Disaster and Economic Losses

- Growing Energy, Food, & Water Constraints

- Environmental Pollution & Ecosystem Deterioration

- Resource Nationalism & Conflict over Resources
VWidening Gap between the Haves and Have-nots

- Power Shift and the Rise of Emerging Powers

- Security Threats (Terrorism, Conflict, Proliferation)
vUncertainties from Interaction of Several Factors

PIANET OF THEYEAR

Endangered Earth

How to Tackle the Global Challenges of the Multiple Crises

- Environmental Crisis - Economic Growth Crisis
* Transition to a Paradigm of Sustainable Development :
- Future Forecasting, Successful Policy Implementation through
Effective National Innovation System,
- National and International Leadership and Partnership
‘Global Trends 2025 : A Transformed World’, National Intelligence Council, 2008.12



http://www.time.com/time/magazine/list/0,11627,1101890102,00.html

World Economic Forum : Global Risks 2017

Economic, Societal Risks

Economic Risks

Asset bubbles in a major economy

Deflation in a major economy

Failure of a major financial mechanism or institution
Failure/shortfall of critical infrastructure

Fiscal crises in key economies

High structural unemployment or underemployment
Illicit trade

Severe energy price shock(increase and decrease)
Unmanageable inflation

Societal Risks

Failure of urban planning

Food crises

Large-scale involuntary migration

Profound social instability

Rapid and massive spread of infectious diseases
Water crises

KC ST

Source: World Economic Forum Global Risks Perception Survey 2016



World Economic Forum : Global Risks 2017

Environmental, Geopolitical, Technological Risks

KC

Environmental Risks

Extreme weather events (e.g. floods, storms, etc))

Failure of climate change mitigation and adaptation

Major biodiversity loss and ecosystem collapse (land and ocean)
Major natural catastrophes(e.g. earthquakes, tsunamis, volcanic
eruptions, geomagnetic storms)

Man-made environmental damage and disasters (e.g. oil spills,
radioactive contamination, etc.)

Geopolitical risks

Failure of national governance

Failure of regional or global governance
Interstate conflict with regional consequences
Large-scale terrorist attacks

State collapse or crisis

Weapons of mass destruction

Technological Risks

Adverse consequences of technological advances

Breakdown of critical information infrastructure and networks
Large-scale cyberattacks

Massive incident of data fraud/theft

Source: World Economic Forum Global Risks Perception Survey 2016



The Global Risks Landscape 2017: World Economic Forum Ke
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The Risks-Trends Interconnections Map 2017
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What are the Key Socio-Economic Challenges for Asia?

O Accounting for 60 % of world population (4 billion)

0 Adaptive capacity constrained by weak
institutions and limited technologies

0 Rapid Industrialization and urbanization

v il

O Serious widening of the rich-poor gap : the richest 20% of
the population spends 16 times more than the poorest 20%

0 Increasing demands in energy and raw materials : 1.5

billion people lack access to electricity ——
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Global Mega-trend: Multiple Crises
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IPCC Report

CLIMATE CHANGE CLIMATE CHANGE 199

The Science of Climate Change

WWORLD METEOROLOGIAL ORGANIIATION URITED NATIONS ENVIRONMENT PROGRAMME

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

FAR 1990 SAR 1995 TAR 2001 AR4 2007 AR5 2013
Average Temperature  Climate temperature Human activities
temperature increase change increase in 21C, . attributed to
increase in 0.5°C, sea seems man- 1.8- 4.0°C, global warming
20C, 0.3- 0.6°C, level rise made, Sea level rise with over 95%
Sea level rise 15~ 95cm extensive ~100cm probability
10~25cm damage

“We now have a clear roadmap for
the production and delivery of AR6”

Hoesung Lee, IPCC Chair, 2015 -

INTERGOVERNMENTAL PANEL DN
climate chanee




Climate Change

CO, emitted from fossil fuel is the main cause of global warming.

v" Since the industrial revolution, CO, level has rapidly increased

(280 — 380ppm).
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GHG Forcing Needed to Explain Observed Global Warming Ke-st
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Top 10 i
As of Aug. 2016 Warmest Year by Far p L o
Approaching 1.5° C emitting countries in 2012
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Blowing Away Heat Records

Global Year-to-Date Anomalies From 1881-1910 0 2 4 f ] 10
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China
United States
India

2014 Russian Federation
2010
Japan

cumate GO centraL

Source : Frank Princiotta, Retired USEPA Research Director, 2016 Germany
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.« Carbon Emission, China vs. U.S.

Islamic Republic of Iran Top 10 totak  21.0 GLCO:

o«

2005 Worldtotal: 317 GCO,
= - Saudi Arabia | | |
_/’7 e
I Key point: The top 10 emitting countries account for
3 il two-thirds of global CO; emissions.

Source: PBL Netherlands Environmental Assessment
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Climate Change: Mechanisms, Major Climate
Characteristics, and Socio- Characteristics
Economic Threats

Ice cap
melting

Human Activities

Urbanization /é
Greenhouse

Land Use effect
changes

Deforestation \_7

Greenhouse | >
gas emissi @

ulf Stream
Modification

arbon cycle
disturbances

Sea level
rise

Transport .
Agriculture Conflict .
o House Resources,

burning | _o1ds

Energy, Food , Water

N Biodiversity
J \ losses
Modified from UNEP/GRID-Arendal, 'Climate change:

Powe!‘ Industry processes, characteristics and threats’, designed by . o tilelnl
generation Philippe Rekacewicz, UNEP/GRID-Arendal Maps and Famine S losses

Graphics Library, 2005




World population arranged by income (deciles)

Percentage of CO:z emissions by world population

Richest 10% responsible for almost half of total lifestyle
consumption emissions

—— —

Poorest 50%
responsible for
only around 10%
of total lifestyle
consumption
emissions

https://www.oxfam.org/sites/www.oxfam.org/files/file_attachments/mb-extreme-carbon-inequality-021215-
en.pdf?cid=aff_affwd_donate_id78888&awc=5991_1507710664_949fd84619de14f6472e6f5f5347d417
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The United Nations Framework Convention on Climate
Change (UNFCCC), adopted in 1992, divides countries
into Annex | (industrialized countries and countries with
economies in transition) and Non-Annex | parties (mostly
developing countries).

Some of them committed to reduce their greenhouse gas
emissions by adopting the Kyoto Protocol (1997). South

Africa

HE Annex | countries
[ 0 0 Non-Annex | countries

. Cartography: SA
I Non-parties to the UNFCCC Data source: Gr(

T vv—
CO, Emission by Region/Country

Climate Change Vulnerability
by Region

KC

Total CO, emissions
from fossil-fuel burning, cement production and gas flaring

&

Singapore e,

-.»-

Country size is proportionate
to national carbon dioxide
emissions in 2004.

Climate Change Vulnerability Index 2015 fe maplecroft

Ethiopia
Philippines
CAR.
Eritrea

Extreme Risk

© Maplecroft 2014 | 1 Henry Street, Bath BA1 1JS, United Kingdom | t: +44 (0)1225 420000 |
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Global publics see ISIS and climate change as the top international threats

Top threat to (survey country)

[ Climate change [ | U.S. power and influence Il Condition of the global economy
M ISIS [ ] China's power and influence [ Large number of refugees leaving countries like Iraq and Syria
M Cyberattacks

Note: U.S. power and influence not asked in the U.S., Russia’s power and influence not asked in Russia, ISIS not asked in Turkey.
Source: Spring 2017 Global Attitudes Survey. Q17a-h. http://assets.pewresearch.org/wp-

content/uploads/sites/2/2017/07/31101043/Pew-Research-

PEW RESEARCH CENTER Center_2017.07.13_Global-Threats_Full-Report.pdf
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‘oyal Society: Global Warming Map in a ‘4°C World’

REGIONAL TEMPERATURE INCREASE (°C)
IN A 4°CWORLD, RELATIVE TO 1890
l._ 2 3 4 5 6 7 8 10 12 14 16

Land warming, especially at the higher latitudes is substantially higher than ocean
warming and can yield radical changes in precipitation patterns.

All areas will be subject to higher evaporation.
NCAR (2010) projected major increases in drought potential in much of the US,
Western Europe, North Africa and Australia when average global warming is 3.5 C.



Climate Change: Mechanisms, Characteristics, Consequences and
Socio-Economic Threats

KC ST
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Fast-Meting of Glaciers

1979=2000 median minimum North POIe Ice Cap Melting
: 1979 ~ 2007

Greenland Ice Melting :
1992 vs. 2002

September 16, 2007 Sea Ice Concentration (percent)

| ] Lo
0 50 700 <Source : wikipedia.org>

© Arctic sea ice has declined dramatically over the past thirty years, with the most
extreme decline seen in the summer melt season.

© Despite some potential opportunities have gained attention such as new shipping
routes and oil fields, the risk of runaway global warming poses a serious threat.




The rift is likely to lead to an
iceberg breaking off, which will
remove about 10% of the ice
shelf’'s area omipasonice

KC ST

Larsen B ice shelf loss in

2002.
Credit: NASA Goddard Space
Flight Centre

Larsen C Ice Shelf Rift growth
March 2016
August 2016
Background image MODIS Dec 2014
Analysis by the MIDAS project:

www.projectmidas.org
www.the-cryosphere. net/9/1223/2015/1-51223-2055 pal
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Sea level rise and its consequence

South
China \ -
s : o
o ! The Exodus of Tuvaluans

Naorth Pacific

%

Australia

indian = 5 th P (Fie |
i~ Zealand o U acifie dﬁwmw#
Ocean
ij Tasman

Sea v

http://m.blog.daum.net/_blog/_m
/articleView.do?blogid=0I89S&art
icleno=6124459#

On the brink of disappearing,
the Solomon Island

http://www.huffingtonpost.kr/2016/05/12/story_n_9921146.html
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Ice Melting and Sea Level Rise

Nepal's Cabinet Meeting at Everest Base
Camp, 2009.12.04

Maldives government meets underwater
to Show Effects of Global Warming,
Waleed Fakhroo , 2009.10.19
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FIGURE 2.5 GLOBAL PHYSICAL AND ECONOMIC WATER SCARCITY

Little or no water scarcity’
Physical water scarcity?

Approaching physical water scarcity®

Economic water scarcity*

Mot estimated

Motes:

'Little or no water scarcity. Abundant water resources relative to use, with less than 25% of water from rivers withdrawn for human purposes.

? Physical water scarcity (water resources development is approaching or has exceeded sustainable limits). More than 75% of river flows are
withdrawn for agriculture, industry, and domestic purposes (accounting for recycling of return flows). This definition — relating water availability
to water demand — implies that dry areas are not necessarily water scarce.

* Approaching physical water scarcity. More than 60% of river flows are withdrawn. These basins will experience physical water scarcity in the
near future.

*Economic water scarcity (human, institutional, and financial capital limit access to water even though water in nature is available locally to meet
human demands). Water resources are abundant relative to water use, with less than 25% of water from rivers withdrawn for human purposes,
but malnutrition exists.

Source: CAWMA (2007, Map 2.1, p. 63), repr?]c;c‘%.ré%iuwrfh permission fr the In }863% /’(%?f 4%%% %ﬂ&gg@enf Institute (IWMI).

nesdoc.unesco. org mages



Access to an Improved water source

1. Accerding to the defintion of LINICEF and WHO: pipad
water into dwelling, Public tap/standpipe, Tubewellborehole,
Protacted dug well, Protected spring, Rainwater collection.

Souwrces; World Helath Organization (WHO) and United Nation's Children's Fund

{UNICEF], Masting the MDG Drinking Water and Sanitation Tamget: The Lirban
Fural Chatenge of the Decade, Geneva (WHO) and Now York (UNICEF), 2000,

Access to an improved water source
In % of total population (in 2004)

B more than 95 %

| 831095 %
| 651083 %

B ess than 65 %

| No data

World average
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a. September 1977 b. April-June 1986 c. July-October 1999
o Y : =

Landsat Satellite Images
Showing the Constant Decline
of the Aral Sea
from 1977 to 2013

Source: UNEP Global Environmental Alert Service (2014) with data from USGS/NASA.

https://openknowledge.worldbank.org/bitstream
/handle/10986/26207/W16005.pdf?sequence=2
&isAllowed=y

1987

B e

] vegetation

| Former outtine of tha lake

Space Fiight Cenler, avallatie &

Sourco: This callechion of maps has been crawn after
a seres of satalila IMages proviced by NASA Goosand
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East Africa Drought due to Climate Change
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EAST AFRICA DROUGHT
SOS Children’s Villages Emergency Relief Programmes

SUDAN

DuIBOUTI
ETHIOPIA

MO

AG‘ode i F
SOUTH
SUDAN

Marsabit K

UGANDA
KENYA IDP Camp Badbado

Integrated Food Security
Phase Classification (IPC)
(Jun - Jul 2011)*

M Crisis

B Emergency

I Catastrophe / Famine

O

TANZANIA

@ affected communities
A 0P (Internally Displaced Persones) camp

m SOS Children’s Villages Emergency Relief Programmes

718 A&E 7h=0 o2 712, 2F 20 AL,
Of E|mOf 7+ &2 — 12002 & 7|0}, 758 & =529| ¢{7|
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California Wildfires 2015

How Climate Change and Risky Development are raising costs of US wildfires

Billions 0of 2012 $

28 -
Total Federal Fire
Total state spending on fire control, Suppression Costs
prevention, protection, and
2 - management in selected years
1S 4
S \/ Total Forest
Service Fire
Suppmsion
0.5 -
0
2010 2013

http://www.ibtimes.com/california-wildfires-2015-how-climate-change-
risky-development-are-raising-costs-us-2098496 26
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LA NINA CLIMATE IMPACTS

December-February

Arctic
Jcean

Pacific
Ocean

Atlantic
Ocean

indian
Ocean

Atlantic
Ocean

Blcoot Elwet Mcootanddry M ool and Wet

Elwarm Cory B warmanddry [ Warm and wet
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https://www.climate.gov/news-features/featured-images/global-impacts-el-ni%C3%Blo-and-la-ni%C3%B1la
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Going Hungry : Consequences of the Food Crisis

Going Hungry

Consequences of the Belarus & e
food crisis : Uzbekistan
Global Warming : @ unrest/protests Ciggte ?erbia
Increase soil evaporation Ikt Egy"‘@ g T
. Burkina
rates, Increase the _ Maurtania & Faso giger el & & Bangladesh
HHaiti Senegal ?) Sudan ) india
chances of droughts & Oe ye @ Cambodia
lvory Coast{f)  cameroon EHROP gLanka S
_ . @ . & Tanzania .
Source : www.agricorner.com S @ Bolivia Moz AREKBAES Indonesia
- 1000
The poorest countries woul &fzentinia
e hardeSt hlt -800 *one bushel of wheat

Marine life and the fishing %%~ Grain prices
industry e in dollars
will also be severely )

affected. 200 -

— Source: Thomson Financial Datastream, FAO

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 20

Source : University of Colorado

weighs around 27 kg

Wheat
per 100 bushels*

Rice 7
per ton =N

LA
: e
b m

N

« An agricultural land loss, in particular in areas such as South East Asia

« Low lying areas such as Bangladesh, India and Vietnam will experience major loss

of rice crop.

Source : http://en.wikipedia.org/wiki/Climate_change_and_agriculture

28



Megacities hit hard by surging sea levels even at 2C rise

Surging sea levels

2°C spike in temperature would submerge land occupied
by 280 million people while a 4°C increase would affect
some 600 million, new study says

6 Hanoi

Worst-affected major cities
Percentage of population &
atriskin temperaturerise @ VSIS RS
@ 4°C scenario 53 Kolkata 50
2°C scenario @ (21,""“ o
New York Mumbai

18

24 m

@  m— 60 Cuttack

Rio de Janeiro . @ _______
19 ! Haora
o 58
Buenos Aires

Study: Climate Central, Jakarta

a US-based research group

Khulna

Refugees by Sea level rise

* 40% of world population live on
the seashore within the range of
100km, and 0.1 billion people live
at the sea level of 1m height.

http://nation.com.pk/snippets/10-Nov-
2015/megacities-hit-hard-by-surging-sea-levels-even-
at-2c-rise

6 &

KC ST

76

29
G 6
60
Shanghai
0” s

Tianjin 3¢

)

Osaka 30

(@)

Tokyo
-t 20

! - Shenzhen

‘22’
! | Shantou 46
‘31’
Hong Kong
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bayg, . i
“The Natigds
Which countries are most in danger from rising sea levels?

Total 2010 population (millions) below median locked-in sea level rise, based on different warming levels

Figure 1. Global Average Absolute Sea Level Change, 1880-2015

~— Trend based on tide gauges

— Satellite measurements

Cumulative sea level change (inches)

1880 1900 1920 1940 1960 1980 2000 2020

Year

https://www.epa.gov/climate-
indicators/climate-change-indicators-sea-level

Su

China

India
Bangladesh
Vietnam
Indonesia
Japan

United States
Philippines
Egypt

Brazil
Source: Climate Central

4 degrees
Celsius

2 degrees
Celsius



Natural Disasters: Types and Frequencies 1991-2005 www.unisdr.org i

50

30.7
30.0

266
Drought and related disasters Earthquake and tsunami
250
200
150
10.0
51
5.0 34 35
.7
10 0.2
insect Volcano Wid Fire Extrome Drougtt Shide Tsunami Earthquaikyg Wind Storm Flood
infestation Temgerature

— @ The impact of Ebola -

The number of people killed by Ebola virus disease in West Africa eclipsed the total
8 600 number of people that died due to disasters.
3

People killed by Ebola virus
disease in West Africa in
2014
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Increasing endangered species

<Source : Al Gore, An Inconvenient Truth, 2006>
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One in four mammals threatened with extinction.
~ International Union for Conservation of Nature

One in four mammals
‘ : threatened with extinction
:r-!.h‘"’t '-;, A 7 .E;;;!le :
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Spreading disease by virus
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http://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(15)60854-6.pdf

gas emissions

An overview of the links! between greenhouse gas emissions,

climatejchange, and health

Climate change ‘

Raised average, and extreme temperatures

RR

Ocean acidification

Altered rainfall patterns  Sea-levelrise Extreme weather

Flood

Heatwaves Fire

Drought

v
Reduced fishery ~ Reduced
and aquaculture  physical work

| g ‘
A

Reduced Biodiversity
agricultural loss, ecosystem
productivity collapse, pests

Other air pollutants
(eg, particulates)

KC ST

Poverty

Other social
determinants of
health
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Epidemic Outbreaks
Ebola virus outbreak : 2014 CNN > West Nile Virus, First Outbreak in 1999

. Infected mosquitoes transmit
7 Do the virus to birds. Birds of some
species get ill and die, while
others become infected but do
not show signs of the disease.

Y

'UNITED STATES
.‘ b >

N ~ -
SOURCE: SENEAL GUINEA

coc

,"‘»
CASES: 8,300+ | ERg%.

DEATHS: 4,000+

M 1] Iy i tsufficient  getill.
most deadly diseases. e A
infected when they bite
birds infected with West

"It is a highly infectious virus that can kill up to 90% of s oty g

C
. o tcl:;Dr;I:iDS:i[n‘;‘?'las !\Ilalrrnelsb'f{ter_lhy
. . " . ncagedvecs. € 00 R e
Medecins Sans Frontieres (MSF) : “one of the world’s e D ond”cars, WA g
cycle: birc—w mosquito hevirus inmammals — mammals will nof
thereby ending the
the people who catch it, causing terror among infected

transmission cycle.

T4 LL]
communities. I )
How the Zika Virus Spread to the Americas
The introduction of

Researchers have nonna.liv- mosquitos, the

s suggested the Zika El Ninoclimate event,

’ virus arrived in Brazil and political and

in 2014 from French E‘ra:h‘:°" economic crises in Brazil

n created the conditions
ENysesia during Americas for the spread of Zika in

major global sporting
events.

2015 the Americas in

2015-2016.

Zika Virus
1947 through 2016 B Y rmp: W

1947 ( ) 5
' Je . Yap 4
Expansion it . - 2007 French Polynesia
into other B 1
African Indonesia 5 o Yoo Zik O {Tl.’::lyr:.o\:f;
countries 1978 A d confirmed as the
. 1948 S the Pacific to cause of an oullynk
http://www.cfr.org/public o eelapepp
-health-threats-and- 2 g e
pandemics/zika- COUNCILon
RELATIONS

viru s/p37 5 27 Sources: CDC, New York Times  Credits: David Foster, Laurie Garrett, Doug Halsey, Gabriella Meltzer
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. FromJan.2014toNov.2016 Biggest, most damaging Al
-i \9 outbreak in S. Korea’s history
has been identified in and raging on, 2016

have been detected.

Avian Influenza has both
and has led to the

: Nationwide Avian Influenza
L outbreak
Data from WaHIS

0 Areas with outbreaks
23 cities and counties in seven municipaliies

Outbreak locations

@ Anseong B Yangju ®Yangpyeong
LR @ Yeoju @icheon ®Pyeongtack
@Pocheon ®Hwaseong

Gangwon H9les=e Ve

‘ Number cases
52 (43 confirmed, 9 under assessment)

N Sejong  KIORC ]
o@ (oo @ CGoesan ®Eunseong ®Jincheon
(2] SRt @ Cheongu BChungu
éyw”g‘ RS @Kimie ®Jeongeup
Northy
g@db mcnmamm SRS RN @Naju @Muan @ Jangseong @Haenam
pt | |
South ot et Comparison of Al outbreaks in 2014 and 2016
- AT
® Jan 16-0ly29  Duraion  Nov. 16 -
e .. HSN8  Viustype  HSNG
S ey Gochang  Location of  Haenam, South Jeoka
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Figure 2. Change in Sea Surface Temperature, 1901-2015 Data source: IPCC, 20137, NOAA, 20168 Web update: August 2016 KC ST
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Figure 1. Average Global Sea Surface Temperature, 1880-2015
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CORAL COLLAPSE Threatening Shellfish, Corals and the Entire Ocean Food Web

Figure 1. Ocean Carbon Dioxide Levels and Acidity, 1983-2015
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Biodiversity Crisis

- 2,000

Wandering Albatross

No. of breeding pairs

1970 2005
Wandering albatross (Diomedea exulans), South Atlantic Ocean
(Bird Island, South Georgia)

=X: WWF Living Planet
Report 2008, www.
Chrisjordan.com
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Whale found dying off coast of Norway with 30 plastic bags in its stomach :

3

-‘ ‘ ’- 25 e . pad " The Te/eg/‘aph NeWS, 3 Feb. 2017

http://www.dailymail.co.uk/sciencetech/art
icle-4622564/Cuvier-s-beaked-whale-4kg-
plastic-bags-stomach.html

~
© UniverSiiaPrBergen

The impact of the plastic
had irritated and
inflamed the stomach
and intestinal walls, and
that the 'plastic
Impaction was very
significant and likely very
sore, causing the animal
to drift into shallower
waters and live strand'

© Scottish Marine Animal Stranding Scheme
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Rise in Natural Disasters

Global Natural Catastrophe Update :
1980-2015

Global Natural Catastrophe Update
Loss events worldwide 1980 - 2015
Overall and insured losses (January — June only)

Wil

Munich RE

Economic Costs of Natural Disasters:

USS bn

B Overall losse 1950'2005
h (in 2015 vall;es)‘ M, U5
250 B Insured losses 1o Total damages (Valued in costs of 2005)

(in 2015 values)*

M 1nsured damages (Valued in costs of 2005)
Average of total damages for a decade
| ! Trend of total damages
e == Trend of insured damages

200

on country CPI

Source : Natural Catastrophe Year in Review, January 7 ,2015 Munich

RE 8 -I—I_I 'tﬁ"hg!

L] 195%

2000

During 1990’s, more than 200 million people had
become the victim of natural disasters

1570 s 'I!-;} s 1550 1505 205

Source : BBC news 18 Dec. 2008, UNEP
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Annual reported economic damages and time trend from disasters: 1980-2015
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Comparing present to past
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Source: EM-DAT (25th January 2016) : The OFDA/CRED - International Disaster Database www.emdat.be Université
catholique de Louvain Brussels — Belgium  http://www.emdat.be/publications
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World Natural Catastrophe Losses, 2015
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Source: ® 2016 Munich Re, Geo Risks Research, NatCatSERVICE. As of March 2016.

346 reported disasters

22,773 people dead

98.6million people affected
US$66.5billion economic damage

2015 disasters in numbers
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Number of weather-related disasters
reported per country (1995-2015)
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China has the most disasters from 2005-2014 but the US has incurred the most damage, and while
Japan is far behind in number of disasters, its economic loss is almost as big as that of China

@) uNISDR

The United Nations Office for Disaster Risk Reduction
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globalEstimates-2015/world-map-global-estimates-2015-web-ready2.pd

Top 20 events with high absolute and per capita displacement

Top 10 countries with high absolute and per capita displacement China
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*There were 317 natural disasters reported worldwide in 2014, affecting 94 countries
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Science 2012

Collapse of Classic Maya Civilization
Related to Modest Reduction

In Precipitation

Martin Medina-Elizalde and Eelco ). Rohling*

The disintegration of the Classic Maya civilization in the Yucatan Peninsula and Central

America was a complex process that occurred over an approximately 200-year interval and involved
a catastrophic depopulation of the region. Although it is well established that the divilization
collapse coincided with widespread episodes of drought, their nature and severity remain
enigmatic. We present a quantitative analysis that offers a coherent interpretation of four of

the most detailed paleoclimate records of the event. We conclude that the droughts occurring
during the disintegration of the Maya civilization represented up to a 40% reduction in

annual precipitation, probably due to a reduction in summer season tropical storm frequency
and intensity.

- OrOFQl 3002+HEO| 900133 AEk HFILCE
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50 — Peaking emissions now ‘ Delaying the peak by a

will give us 25 years to 2020 2025 decade gives too little time
reduce emissions to zero. 2016 v ¥ ~  totransform the economy.

[:::‘\'\ Y

w ,4‘\"{\
. ,\__,,A\_/‘/ NS

=== Historical emissions*

CO, emissions (Gt per year)

20 600-Gt carbon budget
= 2016 peak (best)
2020

10 — 2025

800-Gt carbon budget
= = 2020 peak

1990 2000 2010 2020 2030 2040 2050

Figure 19: Emission reduction trajectories for meeting the Paris target(s). The year of peak emissions has an enormous
effect on the steepness of the subsequent trajectory. Delaying peak emissions to 2025 is too late for any achievable emission
reduction trajectory. Source: Figueres et al. 2017.

https://www.climatecouncil.org.au/uploads/6d762163fc81535d1813585d8ad43854.pdf
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Climate Technology : Sectoral Approach

. Lighting A

- Effective White
Goods

« Stand-by loss

« Water Heating

« Air condition

a . . R
» Electric Motor-driveSystem

e Industrial Capture &
Storage

* Smelt Reduction

« Feedstock substitution

* Energy efficiency

« Substitution of Fossil fuels

« Improved Insulation

Building

4 . .
s Fuel-efficient
technologies

e Fuel-Switch
« Demand Reduction

O

N
/-Carbon Capture and

Storage
« CO2 efficient fossil fuel
« Renewables
« Nuclear Power
e Reduce Demand

Transport Power
-2.3Gt -9.8Gt

* Flooding of rice fields

« Improved animal
handling

s Fertilizer shift

* Recycling

« Landfills and Waste
water

Agricul

p
« Reduced
deforestation

« Increased forestation
« Untouched forest

KC ST
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Plethora of Images for 4IR INDUSTRIAL REVOLUTION

?

U

15t Industrial Revolution 2nd Industrial Revolution 3rd Industrial Revolution 4th Industrial Revolution
WATER & STEAM ELECTRICITY AUTOMATION CYBER-PHYSICAL SYSTEMS

Steam and water power Electricity, internal combustion Electronics, the internet and IT Driverless cars, smart robotics,

replace human and animal power engines, airplanes, telephones, used to further the automation materials that are lighter and
with machines cars, radio, and mass production of mass production tougher, and a manufacturing
process built around 30 printing.

1st revolution 2nd revolution 3rd revolution 4th revolution

Mechanization, Mass production, Computer and Cyber physical
water power, assembly line, automation system
steam power electricity

Mechanization, steam Mass hfoduction and Electronic and IT Maturation of new  Data analytics Pervasive Ubiquitous ~ Unprecedented
and water power xS y¥lectricity systems, automation cyber physical driving efficacy ~ sensing connectivity  levels of data
- «:f? technologies and effectiveness  and throughout and increased
o (artificial and new business  actuation the supply computing
intelligence, 3-D models chain powers
printing, robotics)




KC S

Kondratieff Waves of Innovation

1% Wave: 2rd Wavye: 3 Wave: 4™ Wave: 5th Wave:
Industrial Industrial Scientific Scientific- Information
Revolution Production Revolution Technical and Telecom

Revolution Revolution Waves of In novatio n

Date range: ~1780-1830 ~1830-1830 ~1880-1930 ~1930-1970 ~1970-2010 ~2010-2050

Economic
trend
(US S&P 500)
Key Steam engine, Railways, steel, Electricity, Automobhile, Microcomputers,
developments Industrialization  heavy chemistry, mass Information,
engineering chemnical praduction, telecom
industry petrochemical
Industry
Events near War of 1812 US Civil War World War | WViatnam War.
the peaks siDayWar - Innovation is the central issue in economic prosperity.
Events near 1873/79 1929 1974/8 Michael Porter, Harvard Business School
the troughs Depression Depression Oil crise
‘ 6th wave
Eccnomic trend from Wilenius an ,/
26 Confldential and Copyright © SRC 2014 “Sutfing the Sixth Wave” /
I
http://www.src.sk.ca/node/377 !
5th wave
Waves of Innovation
4th wave

s \  Sustainability

g 1+ Radical resource

S \  productivity

<)

E T R Wholaei;y"s‘:;r:\crd;eslgn

Green chemistry
Industrial ecology
Renewable energy

Green
nanotechnology

http://aberdeeninvestment.com Digital Networks

Petrochemicals

/riding-a-wave-of-innovation- P | Electricity Electronics 1} Biotachnalogy
innovation-is-the-central-issue- Steam power Ehamicely Aviation Information
. . . Iron -~ Railroad Intgma.l Space technology
in-economic-prosperity- Water power prrt satiibusion
. echanisation
michael-porter/#.Wgelk5Jrxul Textiles cotton
\_ Commerce
1785 1845 1900 1950 1990 2020

Source: The Natural Edge Project
The Natural Advantage of Nations (Vol.I): Business Opportunities, Innovation and Governance in the 215t Century

http://www.naturaledgeproject.net/
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Growth & Innovation: A Climate of Opportunity

5 4 % of business leaders 5 7 % believe that Of leaders from the world's largest companies™:
see opportunities for growth investment in climate
and innovation in addressing solutions is essential to 7 O % see 6 7 % report 6 9 % see

the climate challenge competitive advantage opportunities  a clear business investment in
: for growth case for action  climate solutions
4 8 % and innovation as essential to
reporta competitive
clear business case : admpez:ge
for action on climate ——
=
=

“anrual revenaes in

excess of US$1bn

i

ps://www.britanniacommunications.com/single-post/20
Survey-Climate-Change-Is-Opportunity-For-Growth-Innovation



Social Impacts

Enterprise development Job creation Women's

and entreprenaurship /\ empowerment

BUSINESS

7

Economic \/ Wages and

growth Rural development benefits

The SDGs will not be
realized without business

The 17 SDGs and the

169 time-bound targets
underpinning them,
represent a comprehensive

and interconnected
framework.
It has resounding

LiNn i‘UE rsa I re I evance fﬂ = " Food andagriculture  Cities and urban mobility ~ Energy ad materials
US$2.3 trillion US$3.7 trillion US$4.3 trillion

stakeholders and nations.
Its ambitions effectively
transform every country into
a developing country.

Social Dependencies

Worker health Rule of law Skilled talent
and wellbeing pipeline

N
%

BUSINESS
Infrastructure Engaged
Diversity workforce
‘“e SD GS Co
.\e,‘i\
$12 trillion

a year

in business value across
four economic systems
alone by 2030

Creating

more than

380 million
jobs

Source: Better Business, Better World Business & Sustsinable Development Commission

Health and well-being
US$1.8 trillion



12 market opportunities can generate up to $12 trillion worth of

business value

Largest opportunities

Size of incremental opportunity in 20301 $ billions

Mobility Systems

New Healthcare Solutions

Energy Efficiency

Clean Energy

Affordable Housing
Circular Economy Manufacturing

Healthy Lifestyles

Food Loss & Waste

Agricultural Solutions

Forest Ecosystem Services

Urban Infrastructure

Buildings Solutions

Other

Source: Business & Sustainable Development
Commission

1,650
1,345
1,200
1,080
1,015
835
685
665

365

355
345

735

Food . Energy & Materials

2,020 M cities [l Health & Well-being

Reflects the value
opportunity in new
business models and
technologies that can
shift each sector to
deliver the Global Goals
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Tech innovations that could save us from climate change

Power Generation

HOW DOES FUSION WORK?
COMBIMING ATOMS TO PRODUCE ENERGY.

uuuuuuuuuu

vvvvvvv

At high speeds, these

uuuuuuu

uuuuuu

i
captured and used to create olectricity,

Transport

Manufacturing

Making the things we use every day puts an
enormous strain on the climate — about 30% of
emissions come from industry.

‘_ it - C O,
ADADYD)
[ <> 4, -
VAL UYANY,
AR— PR SRR

(AR

| CO, RICH > . H

SOLUTION

Natural Gas
- ENERGY < wind

Nuclear

= -

Transport represents 23% of global energy-related CO2 emissions. But the

demand for transport is only going to increase.

Food About a quarter of all global emissions come from feeding the world's 7 billion
people, and part of that comes from the consumption of meat. “There is no way to
produce enough meat for 9 billion people,” said Bill Gates in a 2013 blog post.

Building The greenhouse gas emissions of buildings is also significant. We need lighting,
power, heating and cooling whether at home or in the office, at school or in a
hospital. The combined emissions from these sources contributes almost 20% of

alobal emissions. Part of the answer is to build smarter cities.

https://www.weforum.org/agenda/2017/01/tech-innovations-save-us-from-climate-change


http://www.worldbank.org/en/news/press-release/2016/05/05/leaders-call-for-global-action-to-reduce-transports-climate-footprint
http://www.worldbank.org/en/news/press-release/2016/05/05/leaders-call-for-global-action-to-reduce-transports-climate-footprint
http://www.worldbank.org/en/news/press-release/2016/05/05/leaders-call-for-global-action-to-reduce-transports-climate-footprint
https://www.gatesnotes.com/About-Bill-Gates/Future-of-Food
http://www.b-t.energy/landscape/manufacturing/
http://www.b-t.energy/landscape/manufacturing/
http://www.b-t.energy/landscape/buildings/
http://www.b-t.energy/landscape/buildings/

Energy efficiency: 3 new business models

Combining solar power and GPS
technology to reflect and
heighten natural light

Redesigning the LED lightbulb
for longer lasting bulb lifespan

Cheaper, more efficient
internal combustion engines

= The Generation 2.0 Ciralight
SunTracker reflects natural light in
buildings using mirrors and solar
tracking skylights.

= Can provide free light for up to 10+
hours a day and uses electric LED
bulbs for other hours,

= System massively reduces the
lighting cost of your facility while
providing the incredible benefits of
natural light )n\/

CIRALIGHT

IHDUSTRY, VAT SLSTAINABLE GV S 13 CUNATE

1 ::‘F!T\‘ AN INFRESTRLETLRE ﬁmm

Riddid

= Dyson’s CSYS LED system uses an
aluminum pipe as a heat sink to keep
bulbs cooler, resulting in an extended
lifespan of around 37 years per
device.

dgson

mm

lﬂlll.lﬁ'ﬂ nmn

III ity IIIEFME 13 CLIMATE

1 S

Wi O

= Achates Power has developed an
internal combustion engine that has
two pistons in each cylinder.

=  These engines are fuel efficient,
reduce greenhouse gas emission,
and costs less than others of its
kind.

achatesrPOwER

Fundamentally Better Engines

DU 44 SISTAIN ._ ) ll:anl 13 CUNATE " FPARTHERSHITS
antiweans B0 ARCCH FIRTHEGOLIS




Opportunities within clean energy

Opportunities in Size of incremental opportunity
energy efficiency in 20301, $ billions

Renewables expansion 606

Energy storage systems 262
Carbon capture and storage 150

Energy access 148

Grid interconnection =55

1. BASED ON ESTIMATED SAVINGS OR PROJECTED MARKET SIZINGS IN EACH AREA. ONLY THE HIGH CASE
OPPORTUNITY IS SHOWN HERE

ROUNDED TO NEAREST $5 BILLION

SOURCE: LITERATURE SEARCH ALPHABETA ANALYSIS

Renewables expansion: The International Renewable
Energy Agency forecasts that renewables’ share of
power generation could be increased to 45% by
2030.2

Energy storage systems: An additional 150 GW of
battery storage may be required by 2030 to support
the increased penetration of renewables.3

Energy access: Currently an ~1.2 billion people have
no access to electricity, and more than 2.7 billion still
rely on solid biomass for cooking.4

Grid interconnection: Additional interconnectors in
Europe could generate annual savings of $10 billion
by reducing the need for back-up capacity in
national grids to meet peak demand.*



Opportunities within clean energy

Opportunities in
energy efficiency

Size of incremental opportunity
in 20301, $ billions

Renewables expansion

Energy storage systems 262
Carbon capture and storage 150

Energy access 148

Grid interconnection =5

1. BASED ON ESTIMATED SAVINGS OR PROJECTED MARKET SIZINGS IN EACH AREA. ONLY THE HIGH CASE

OPPORTUNITY IS SHOWN HERE
ROUNDED TO NEAREST $5 BILLION
SOURCE: UTERATURE SEARCH ALPHABETA ANALYSIS

2030.2
606

Renewables expansion: The International Renewable
Energy Agency forecasts that renewables’ share of
power generation could be increased to 45% by

Energy storage systems: An additional 150 GW of
battery storage may be required by 2030 to support
the increased penetration of renewables.3

Energy access: Currently an ~1.2 billion people have
no access to electricity, and more than 2.7 billion still
rely on solid biomass for cooking.*

Grid interconnection: Additional interconnectors in

by reducing the need for back-up capacity in

? Europe could generate annual savings of $10 billion

national grids to meet peak demand.?

Fusing solar and wind power to
overcome intermittent supply

Generating electricity using
water-based plants

Cheaper, more efficient
internal combustion engines

combines solar panels and windmill
technology to produce sustainable
energy for homes and businesses.

= |t can provide power even after the
sun has gone down, continuing to
generate power at wind speeds as
low as 4.5 mph.

WindStream
Technolpgies
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=  WindStream Technologies’ SolarMill,

= Plant-e is using microorganisms in
the roots of water plants consume
organic matter, emitting electrons as
a waste product which can be
harvested to create electricity.

=  While the system does not currently
generate a lot of power, it is already
being tested for powering small
constructions.

-1.@ Plant-e
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= MiaSolé makes lightweight, flexible
solar cells that can bend and twist.

= The cells can fit around curved
structures, from sloping roofs to
mobile devices, without breaking.

1@®rMiaSolé.

A Hanergy Compony
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Urban infrastructure: 3 new business models

Distributed utility model to
providing safe, affordable
drinking water

Formalizing street waste pickers
as self-empowered social
entrepreneurs

Fully electric minicabs for an on
demand urban taxi service

= Piramal Sarvajal designs and deploys
solutions for creating affordable
access to safe drinking water in
underserved areas in India.

= Their cloud-based remote monitoring
technology to oversee remotely
deployed purification units, allowing
them to manage franchisees and
remotely diagnose technical issues

|

INDUSTRY, NI ™
ARE INFRESTRUETE BOERTY

q Piramal Water

knowledge action care
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= TriCiclos sells recycling stations in
Chile that can receive and process

+20 types of materials to companies,

universities, or municipalities.

= Then they identify, train and
permanently support street waste
pickers to operate the station with a
special software and traceability

model. 0

TRICICLOS.

e | iuomme [imee 12 e | 13500
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=  Mellowcabs manufactures and
operates three-wheeled, electric
mini-cabs to provide low cost, eco-
friendly and convenient taxi and
transport services in built-up cities in
South Africa.

= A mobile app connects the
commuters and cabs and payment
canh be made by cash or card via the

app.

.
mellowcabs
s
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Food loss & waste: 3 new business models

Turning food waste Into
energy for supermarkets

Connecting consumers with
restaurant leftovers at
affordable prices

Salvaging ‘ugly,” unsellable
frult to make preserves

Sainsbury’s uses their trucks to
collect inedible food waste from their
store and deliver it to biogas plants
around the country which turns it
energy to power its stores.

Sainsbury’s produces enough food
waste in all their stores to power
~3.000 homes a year. or three major
superstores.

This is significantly cheaper than
disposing of the food in landfills

Sainsbury’s

GOODHEATH J A '. LE glllll-lﬂ'ﬂ.llmﬂl 13 E{l:I_I;[J;:E
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= Their app links consumers with
leftover restaurant food that would
otherwise be thrown away at prices
from as little as £2 and a maximum
of £3.80

= |n the space of barely six months
they've helped avoid over 200
tonnes of CO2 emissions and
provided thousands of meals that
would have otherwise been
discarded to these in need.

{ oo

GOODHEALTH
ANDWELEBEING

13 5

1? FARTHERSHIPE
FOR THEGOALS

=  To date Rubies in the Rubble has
salvaged over 600,000 fruits and
vegetables, avoiding 102 tonnes of
CO2 emissions

= The jams, preserves and pickles are
now sold out retailers across the UK,
with each product made almost
entirely from fruit and vegetables
deemed unsellable.

GOODHEATH
ANDWEL-BEING

e
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Smart Energy

Smart Metering
Smart Grid

District Cooling Mgt
Gas Distribution Mgt
Multi Energy Producti
on

Renewable

Smart City Innovations : From Green to Smart!

EV/AV
Road Traffic Mgt
Parking Mgt

Public Transport Mgt
Smart Street Lighting

Personal Mob. Dev.

Smart Living

User engagement
Smart Comfort
Wellness & Productivi
ty

Smart Health

Child care

Elder Services

Smart Public Services

Smart Governance,

Smart Water

Smart Water Distributi
on

Water recycling

Urban Flooding Mgt
Local Water recuperat
ion

Smart Urban Servi
ces

Video Surveillance
Waste Mgt
Community Mgt
Smart Services
Smart Safety
Smart Security

Smart Buildings

= Automation
iBMS/BMS/EMS
Smart Lighting
ACMV

Plug Loads Mgt

Jip)

Smart Data

2

Smart Integration

Connectivity
Efficient Data Mgt
Edge Computing
Data Analytic

Al

Machine Learning
Open Data

Video Analytic

Smart Infrastructure,

Smart Platform
ICT/IOT Integ.
ICT/FM Integ.

Cross Domain Applic
ation

= GIS/Weather

= Asset Mgt

Smart Security .-

Source: Christopher DANIEL, Smart Concept-The smart into buildings, AKC2017
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Inclusive Innovation

* More than appropriate technology °®
or low tech °e . ® :
L. . ® # Sharing
« S&T enabling innovation that benef science & @ prosperity
its all segments of society e technology » Including all
Inclusive innovations - innovations that ® . @ . ® stakeholders
directly serve the welfare of lower- e
income and excluded groups - can Innovation Inclusive Growth

contribute to development and create
work opportunities integrating

marginalized groups into circuits of Globalization, emerging economies and ICT

economic activity.
Y |Dem§nd factors | | Supplylfactors |

The current context is particularly Emerqirig leconeriee’ Reduced development
favourable to inclusive innovations: middle class C°Si:15n§\f/;':gﬁ:"’e
ICTs and other emerging technologies gy
offer new opportunities. =

Challenges
business interests towards innovations S——
that serve lower-income markets. Missing scele
However, a variety of challenges and Social inclusiveness

market failures specific to inclusive
innovation hinders the scaling up of

most initiatives, resulting in missing
markets and caIIing for policy action. http://www.oecd.org/sti/inno/Innovation-Inclusive-Growth-Brochure.pdf

4 ™
L™

Number of inclusive

innovations

The growing importance of emerging
economies also contributes by orienting

-
Missing scale
,'/




KC
IPR : Developing and Developed — Not on the same plane

Intellectual Property is extremely relevant to ABS mechanisms
as most R&D based on genetic resources and associated traditional
knowledge will eventually be subject to IPRs, usually through patents.

Access and Benefit-sharing (ABS)?

1yt /‘.-‘ -
JAULUJ "l(v\ :r:-j;r"la-c‘jc = J:“J

IN-SITY
« FOUND W ITHIN ECOSYSTEMS

= 2
AND NATURAL HABITATS 7 C -
« =
L C
EX-S\TU N W =
« FOUND IN BOTANI(AL GARDENS, o A = =
COMMERCIAL O UNIVERSTY { ; 1 R N C = + STATES WAVE. SOVEREISN
COLLECTIONS SV 1 . RIGHTS OVER NATURAL
RESOURLES
Lmi:uon(:j o (OMPETENT NANONAL.
o AuTHoriTIES (CNAS)
KA I THESE STATES
ROk | MUTUALLY GRANT USERS ALESS
INFORMED ' ACEESD | TO THESE RESOURLES
ConsenT l TERMS ’
COsEe 1 (Pre L (AT
NoN- COMMERCIAL AN N ‘
*TAxonNomy yaw: ———
+ CONSERVATION L \ |
/ y = [ b N & L /L £
| l &R < | Ll -~ 14 4
CoOMMERCIAL | | <= L O] N———— $#HI = 1
* BLOTECHNOLOGY \ 2 \} / | RS . | ’
+ HORTICULTURE \ S = ee * RESEARCHERS
» PHARMACEUTICALS ot LUSERS | ‘ { * UNIVERSITIES
S ‘ * INDUSTRIES
|
< — — J
4 — comg
S [ / e BENEF TS |
MONETARY NON- MONETARY
«RoYALTY PAYMENTS +RESEARLH AND DEVELOPMENT
Source: CBD ABS Information Kit, 2011 * JOINT OWNERSHIP OF * TRAINING AND EDUCATION

INTELLECTUAL PROPERYY RIGHTS * TRANSFER OF TECHNOLOGY

= XN:http://www.abs-initiative.info/stakeholders-and-topics/intellectual-property-rights/



Four Questions for 4IR

Scaling up Human-Centered . . . .
Leading Continuous Reinvention

Technology
« How do we design human-centered « Facing an exponential speed of
products and services with ethical change in technology, how can
and moral questions on social leaders recognize adaptive
development, value creation, privacy challenges to their organizations
and ownership, and individual and build resilience?
identity?
Creating Sustainable Systems Responding to Geo—Economic Shifts

 How do we seize the opportunities - :
« How can communities, companies

afforded by transformative and countries better prepare for

technologies to create more the  comin eonolitical  and
sustainable systems in areas such : g geop
economic changes?

as energy, mobility, production,
health, education, gender and
work?

https://www.weforum.org/agenda/2017/06/four—key—questions—for-the—fourth—industrial-revolution/



Science, Technology and Innovation Model :

Triple Helix to Quintuple Helix

This concept capturing the critical importance of
trilateral collaboration in a national innovation sy
stem has continuously evolved with increasing th
eoretical and empirical sophistication.

THE TRIPLE HELIX MODEL

Tri-literal network

and Hybrid
Organization

Linkages/interactions
amongst institutions
in the “sphere” as
“dynamic and endless
transitional
processes”

Government Industry

Source : Etzkowitz and Leydesdorff (2000).

https://www.researchgate.net/figure/262997186_fig2_Figure-2-The-
new-Triple-Helix-model-adapted-from-9

Four Basic Questions for 4IR
Pertaining to Inclusive Grow
th and Innovation (WEF)

Leading
Continuous
Reinvention

https://www.weforum.org/agenda/2017/06/four—key-
questions—for-the—fourth—industrial-revolution/



Triple Helix: Further Refinement

- Industy & business

1 Government & public sector

Quadruple helix model : Adding the fourth helix recognizing civil society as a

sub-system in the production of knowledge and innovation

Quintuple helix model

« Aiming at a full unders
tanding all helices in in

Quintuple helix
Basic model of

Triple helix Quadruple helix

Basic model of Basic model of sustainable novation for sustainabil
information societies: knowledge knowledge i i
academia, business &/ societies: adds societies: adds ity (Carayannls, et al,
public sector civil society the natural 201 2)

environment

http://www.unksoc.org/index.php/handbook/4-1-
transforming-societal-architectures/4-3-knowledge-
and-innovation/4-3-1-creating-different-types-of-
knowledge/

The information The knowledge The socio-
transition transition ecological
[ | (sustainability)

transition
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