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worldwide plastics
production in 2017:
344 million tons*

*Association of Plastics Manufacturers
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Weight of 8.10 billion people:
5.11 x 10711 kilograms,

0.51 gigatons

https:/ /blog.ricksteves.com/blog/palio-crowds/

RS — -




Weight of 8.10 billion people:
5.11 x 10711 kilograms,

0.51 gigatons

36.4 gigatons of
.statista.com /statistic

ttps:/ /[ WwWw. S

https:/ /blog.ricksteves.com/blog/palio-crowds

- S



https://www.statista.com/statistics/276629/global-co2-emissions/

GHG emissions (GtCO,-eq yr~")

60

38Gt

1990

What is the source of all these recent CO» emissions?

42Gt 53Gt 596Gt 59 + 6.6 Gt B Fluorinated
+0.7% yr-! +2.1% yr™' +1.3% yr-! iz'; gases (F-gases)
B Nitrous
oxide (N,0)
B Methane (CH,)

~_ Net CO, from land

use, land-use
change, forestry

I co, from fossil

fuel and industry

2000 2010 2019 2019

Unless noted otherwise, all figures in this talk are
adapted from IPCC_ARG_FullReport 2022



Where does all that CO2 go?

“Carbon (CO,) Budget 2019

Net land flux
01 0.3 19 34%*09

| bl

I 111.1 Total respiration and fire 25.6

113 Gross photosynthesis 29

2.5

0.2

Export from
soils to
rivers

Rock
weathering

Volcanism

Burial

1.5

4

FreshWater

Atmosphere
591+ 279%5

Average increase 5.1+0.02

16%0.7 9.4%05

!

hom !/!I, o

Net  Fossil fuels

land-use (Coal, oil, gas)

change @ Cemen
production

Net ocean flux
06 25%0.6

Ocean-atmosphere gas exchange
23

94.6

94.0

0.8

25.5




Where does all that CO2 go?

“Carbon (CO,) Budget 2019

Net land flux
01 0.3 19 34%*09

) ‘ A

I 111.1 Total respiration and fire 25.6

113 Gross photosynthesis 29

2.5

0.2

Export from
soils to
rivers

Rock FreshWater

weathering

Volcanism

Burial

Atmosphere
591+ 279%5

Average increase 5.1+0.02

hom !/!I, ==

Net  Fossil fuels

land-use (Coal, oil, gas)

change @ Cemen
production

Net ocean flux
06 25%0.6

(S ~.Ocean-atmosphere gas excha

94.0

0.8

nge
23

N10.9 £ 0.9 GT yr-! were emitted

from human activities



Where does all that CO2 go?

“Carbon (CO,) Budget 2019

Net land flux
01 0.3 19 34%*09

) ‘ A

I 111.1 Total respiration and fire 25.6

113 Gross photosynthesis 29

2.5 0.2

Export from
soils to
rivers

Rock FreshWater

weathering

Volcanism

Burial

Atmosphere
591+ 279%5

Average increase 5.1+0.02

hom !/!I, ==

Net  Fossil fuels

land-use (Coal, oil, gas)

change @ Cemen
production

0.8

(S ~.Ocean-atmosphere gas excha

94.0

nge
23

= 23% taken up by oceans

N10.9 £ 0.9 GT yr-! were emitted

from human activities



Where does all that CO2 go?

“Carbon (CO,) Budget 2019

01 03

\ 111.1 Total respiration and fire 25.6

113 Gross photosynthesis 29

2.5

0.2

Export from
soils to
WEE

Rock
weathering

Volcanism

Burial

FreshWater

Atmosphere
591+ 279%5

- rage increase 5.110.02

{

0.8

Aom . (/!I’ -

Net  Fossil fuels

land-use (Coal, oil, gas)

change @ Cemen
production

(S ~.Ocean-atmosphere gas excha

94.0

nge
23

N

-~ 31% stored by terrestrial vegetation

= 23% taken up by oceans

N10.9 £ 0.9 GT yr-! were emitted

from human activities



Where does all that CO2 go?

: 2
Carbon (CO,) Budget 2019 ?;Tfsz",';e{: _ 31% stored by terrestrial vegetation
. O ) 46 % accumulated in the
- erage increa et s et et b TN OS PHCTC
Net land-fi P gy i
0.1 0.3 15€. 16107 9405 - 23% taken up by oceans

) f

\ 111.1 Total respiration and fire 25.6

(S ~.Ocean-atmosphere gas exchange
LN 23

113 Gross photosynthesis 29 54.0
25 0.2 0.8 ™ ,
o o ™10.9 £ 0.9 GT yr-1 were emitted

Aom . f’(’ -

Volcanism  Rock Export from Freshwater Net  Fossil fuels
weathering soils to land-use (Coal, oil, gas)

rvers Burial change Cemen

production

from human activities




CO» 1n the ftuture:
our choices



SSP1
SoP2 SSP3 SSP5

Sustainability Middle of the . D4 .
Road Regional SS Fossil-fueled
Rivalry Inequality development
| SP5-8.
—_— o
— SSP3-7.( =
— 8\ SSP4-6.0 | — g
| — | 5
SSP2-45 | \ / — :
-l \ ji= Z = —_—
U SSP5-3.4-DS
SSP1-1.9 | |
- L TOday \ —
L 2020 |-

|
Unless noted otherwise, all figures in this talk are
adapted from IPCC_ARG_FullReport 2022




(a) Atmospheric CO, concentrations

1500 - i}
+ SSP5-8.5
Different models for
700 - i SSP4-6.0 economic growth and
e - environmental
CE,_ Pt >5P2-4.5 policies, worldwide
= 400 - / JoE— SSP1-1.9
- —_—
150 1 I ! | || | I ' | 1 1
60M 40M 20M 800k 500k 200k 0 1000 1920 1980 2020 2060 2100

Year, BCE Year, CE



(a) Atmospheric CO, concentrations
1500 _ PETM: ~6°C

Different models for
) SSP4-6.0 economic growth and
o environmental

'o":,’ - o )L . .
>5P2-4.5 policies, worldwide

-------------------- SSP1-1.9

700 -

ppm

400 -

/ -

250 -

150 1 I I I 1 | I ' | 1 1
60M 40M 20M 800k 500k 200k 0 1000 1920 1980 2020 2060 2100

Year, BCE Year, CE



(a) Atmospheric CO, concentrations
1500 _ PETM: ~6°C

e Different models for
A # SSP4-6.0 economic growth and
environmental
policies, worldwide

700 -

pPpm

400 - SSP1-1.9

250 -

150

60M 800k 500k 200k 0 1000 1920 1980 2020 2060 2100

Year, BCE Year, CE

J Climate v23 2562 (2010)




Radiative forcing



Radiative forcing

earthshine
into space

JEar’rh

Carbon Capture and Sequestration (JAR with Berend Smit, Curt Oldenburg, Ian Bourg), World Scientific Press, 2013.



Radiative forcing

enerqy jJoules watts
J|=] e.g., —

area — time m? — sec m?

= oT*

earthshine “plack body radiation”
into space

JEar’rh

Carbon Capture and Sequestration (JAR with Berend Smit, Curt Oldenburg, Ian Bourg), World Scientific Press, 2013.



Radiative forcing

enerqy jJoules watts
J|=] e.g., —

area — time m? — sec m?

earthshine “plack body radiation”
into space

JEar’rh

Carbon Capture and Sequestration (JAR with Berend Smit, Curt Oldenburg, Ian Bourg), World Scientific Press, 2013.



Radiative forcing

The carth equilibrates
with its environment

enerqy jJoules watts
J|=] e.g., —

m? — sec m?

area — time

Carbon Capture and Sequestration (JAR with Berend Smit, Curt Oldenburg, [an Bourg), World Scientific Press, 2013.



earthshine

into_space

eergy qoules watts
J|=] e.g., —

area — time m?2 — sec m?

— oT*?



earthshine

into_space

eergy qoules watts
J|=] e.g., —

area — time m?2 — sec m?

— oT*?



Jsun @ earth

earthshine

into_space

eefrgy qoules watts
J|=] e.g., —

area — time m?2 — sec m?

— oT*?



Jsun @ earth

earthshine

into_space

eefrgy qoules watts
J|=] e.g., —

area — time m?2 — sec m?

— oT*?



Jsun @ earth

Tearfh

earthshine

into_space

qoules watts
J|= , g, —

m?2 — sec m?




an example of “geoengineering”
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Umbrella@earth is an example of changes in “radiative forcing”
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Summary

* The atmosphere 1s changing e Radiative forcing connects the change to temperature

* The change is due to our combustion ® Farth has managed carbon on geological timescales

* FEconomic models connect the
atmosphere to our tuture changing
climate and its consequences

- Average temperatures: rising
* Inequality: rising
*  Sea level: rising, floodin

N . There are urgent consequences

* Glaciers: retracting, flooding

* Behavior: changing: violence, migration

* Ice on the arctics: declining

- Extreme weather: increasing

- Biological consequences would take another seminar!
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Climate state

Climate state

Time

noise-induced tipping events. ..
for instance drought events causing
sudden dieback of the Amazon
rainforest....
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Climate state

Climate state

Time

bifurcation tipping events

e.g., collapse of the thermohaline
circulation in the Atlantic Ocean

...a critical level 1n the forcing 1s reached.

Stability
landscape

Climate state
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Energy

AFOLU

Buildings

Mitigation options

" Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH. emission from coal mining

_ Reduce CH: emission from oil and gas

- Carbon sequestration in agriculture

Reduce CH: and N,O emission in agriculture
Reduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management

Reduce food loss and food waste

_ Shift to balanced, sustainable healthy diets

" Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock

_ Enhanced use of wood products

Potential contribution to net- reduction (2030) GtCO;-eq yr’
0 2 B 6
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{' Net lifetime cost of options:

- B Costs are lower than the reference

: : S 0-20 (USD tCO-eq")

> I 20-50 (USD tCO-eq")
I 50-100 (USD tCO.-eq”)
I 100-200 (USD tCO;-eq")

| Cost not allocated due to high
variability or lack of data

———— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty
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AFOLU

Buildings

Mitigation options

" Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH. emission from coal mining
Reduce CH: emission from oil and gas

Carbon sequestration in agriculture

Reduce CH: and N;O emission in agriculture
Reduced conversion of forests and other ecosystems
Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management

Reduce food loss and food waste

Shift to balanced, sustainable healthy diets

Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock
Enhanced use of wood products
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Net lifetime cost of options:

B Costs are lower than the reference

~ 0-20(USD tCO,eq")
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B 50-100 (USD tCO,-eq?)
B 100-200 (USD tCO-eq?)
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——— Uncertainty range applies to
the total potential contribution

to emission reduction. The
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Transport

Industry

Other

Present day

technologies that

provide hope

Potential contribution to net emission reduction (

Mitigation options

Fuel efficient light duty vehicles
Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping — efficiency and optimization
Aviation — energy efficiency

. Biofuels

Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, H.)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

- Reduction of non-CO; emissions

Reduce emission of fluorinated gas
Reduce CH.: emissions from solid waste
_ Reduce CH: emissions from wastewater

0

2

GtCO-eqyr’
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Wednesday

2:00am-12:30 pm

&:00 pm - 8:00 pm

Thursday

2:00 am - 12:30 pm

6:00 pm - 8:00 pm

Learning from Deployment
Discussion Leader: Frauke Kracke (Frontier, United States)

Greenhouse Gas Removal Harnessing Ocean, Land and Forests
Discussion Leader: Yiwen Pan (Institute of Marine Chemistry and Environment, Ocean
College, Zhejiang University, China, China)

Permanently Storing CO- in Minerals and Underground
Discussion Leader: Greeshma Gadikota (Cornell University, United States)

Unlocking Value Chains for Negative Emissions
Discussion Leader: Sandra Osk Snaebjornsdottir (Carbfix, lceland)

Transformative Science for the New Carbon Economy
' May 28 - June 2,2023

Conference Program

Sunday

7:40 pm - 2:30 pm

Monday
2:00am - 12:30 pm

6:00 pm - 8:00 pm

Tuesday

Z:00 am - 12:30 pm

6:00 pm - 8:00 pm

Fast-Tracking CCUS from Lab to Innovation

Discussion Leader: Andrea Ramirez Ramirez (Delft University of Technology, The
Netherlands)

Converting CO, into Products
Discussion Leader: Christoph Guertler (COVESTRO, Germany)

Moving from Technical Feasibility to Societal Impact
Discussion Leader: Holly Buck (University at Buffalo, SUNY, United States)

Innovation in CO, Capture
Discussion Leader: Kristin Jordal (SINTEF, Norway)

The Systems Challenge of the Carbon Transition
Discussion Leader: Heleen de Coninck (Eindhoven University of Technology, The
Netherlands)
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