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Getting to Net-Zero and Beyond

 Part 1: What are the stakes?
* 1.1 Where are we now?
» 1.2 What does NetZero really mean??
» 1.3 Where are the planetary boundaries for Earth?
» Part 2: What will it take?
2.1 Can we reduce emissions to Zero by 20507
- 2.2 Can we go beyond net-zero with net carbon storage”?

» Part 3: What future do we choose? What stands in the way?
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1.1 Where are we now?

Global current concentrations
of Greenhouse Gases

Highest Global [CO2]: 421ppm (Feb 14, 2022)

Latest data acquired on March 3, 2022
Ice-core data before 1958. Mauna Loa Data
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1.1 Where are we now? https:// www.2degreesinstitute.org
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1.1 Where are we now?

Global temperature change (1850- 2021 We are here. l

1860 1890 1920 1950 1980 2010

ceforest@psu.edu / Earth Talks, 14 Mar 2022



mailto:ceforest@psu.edu

1.1 Where are we now?

why NetZero? We are here. |
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1.1 Where are we now?

Global temperature change (1850-2021)
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1.1 Where are we now?

Global temperature change (1 850 -2021)
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1.1 Where are we now? We are here.

Annual CO2 emissions from fossil fuels, by world region

... CO2 emissions only
1698: Thomas Savery (does not include land use change) J§ =~ o=
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pump water from coal

mines and to burn more 25 billion t
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1763-75: James Watt and 10 billion t

Matthew Boulton improved V] o United States
the designs 5 billion t o

15 billion t

Africa |

1750 1800 1950 00

Source: Global Carbon Project OurWorldInData.org/co2-and-other-greenhouse-gas-emissions * CC BY
Note: This measures CO, emissions from fossil fuels and cement production only — land use change is not included. 'Statistical differences’
(included in the GCP dataset) are not included here.
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We are here.T
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1.2 What does NetZero really mean?
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and future non-CO:2 radiative forcing
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1.2 What does NetZero really mean?

When are we expecting to reach 1.5°C?
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1.2 What does NetZero really mean?

Cumulative emissions of CO-
and future non-CO:2 radiative forcing
determine the probability
of limiting warming to 1.5°C
(IPCC Special Report Global Warming of 1.5°C, 2018)

Cumulative emissions of CO»
and future non-CO: radiative forcing

determine the net warming
(IPCC ARG Working Group 1: SPM)
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1.2 What does
NetZero really | Every tonne of CO, emissions adds to global warming

mean? Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,,
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What pathways are consistent with NetZero?
Global Emissions Pathways Characteristics

gross CO, emissions

supply side: demand side:
A Electicity Buildings
Otner B Transport
BN industry

net amount of CO,
gross released to the atmosphere

002 emissions

gross total CO, emissions

AFOLU
002 emissions

Drawdown AFOLU CDF
h a p pe n S h e re zero CO, emissions line teChnOIOg(ig?Elggg

total amount of CO2 removed
from the atmosphere

ceforest@psu.edu b huitah aibvites (IPCC SR15)
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Global Emissions Pathways Characteristics
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What pathways are consistent with 1.5°C?

Global Emissions Pathways Characteristics

Global total net CO2 emissions
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1.3 Where are the planetary boundaries for Earth?

CLIMATE CHANGE NOVEL ENTITIES
4
BIOSPHERE E/MSY y
INTEGRITY | )/ STRATOSPHERIC OZONE
YOU SHALL NOT PASS!
: BII
: : ) LAND-SYSTEM AT,‘\\AE%?;)ELRIC
At What p0|nt m|ght Earth S CHANGE | LOADING
systems cease to function? |
Led by Johan Rockstrom at the
. : OCEAN
Stockholm Resilience Institute s e ACIDIFICATION
https://en.wikipedia.org/wiki/Planetary _boundaries P S
(quote from: J.R.R. Tolkien, TFOTR) BI0GEOCHEMICAL
’ FLOWS
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1.3 Where are the planetary boundaries for Earth?

why NetZero?

Some critical impacts that we know:
e Climate change is impacting (almost) the entire planet.
e Atmosphere, Land, Oceans, Ice, Biosphere, Anthroposphere
Land areas are warming faster than the oceans.
The poles are warming faster than the tropics.
It is disproportionately affecting the poor.
We are seeing more climate related disasters globally.

We expect these trends to continue and become more severe.

ceforest@psu.edu / Earth Talks, 14 Mar 2022
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Getting to Net-Zero and Beyond

» Part 1: What are the stakes”
* 1.1 Where are we now?
» 1.2 What does NetZero really mean??
» 1.3 Where are the planetary boundaries for Earth?
» Part 2: What will it take?
« 2.1 Can we reduce emissions to Zero by 2050?
- 2.2 Can we go beyond net-zero with net carbon storage?

» Part 3: What future do we choose? What stands in the way?
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Average North American's Annual Carbon Footprint

19.4 tons COZ2e/year (source: Berkeley Institute of the Environment)

How much CO2-e do we
generate? Services: 2.41 tons CO:e

Other Goods: 1.18 tons CO:e

Car Fuel: 4.61 tons CO:e
GoodsfandiSenvices! Teavel

Total per Person: 19.4 tons/year

Total for USA: ~6.4 GtCO2eq for USA

Meat: 1.1 tons CO:e ll‘l
t
|

“ Natural Gas: 1.08 tons CO:e

Electricity: 2.97 tons CO:e

ceforest@psu.edu / Earth Talks, 14 Mar 2022 https://www.2degreesinstitute.org 51
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Part 2.1: Can we reduce?

Question 1:

How much CO2 do we generate?

Average North American's Annual Carbon Footprint
19.4 tons COZ2e/year (source: Berkeley Institute of the Environment)

https://www.2degreesinstitute.org

Services: 2.41 tons CO:e

Other Goods: 1.18 tons CO:e

Car Fuel: 4.61 tons CO:e
(GoodsfandiSenvices! avel

Electricity: 2.97 tons CO:e

Eood!
Meat: 1.1 tons CO.e ‘l‘l
|

“ Natural Gas: 1.08 tons CO:e

Total: (19.4 tons/year) X (US Population)

Total: ~6.4 GtCO2eq for USA
ceforest@psu.edu / Earth Talks, 14 Mar 2022

https://www.energy-transitions.org/publications/
accelerating-the-low-carbon-transition/ 295
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Part 2.1: Can we reduce?

Question 1:

FIGURE 12: GLOBAL EMISSIONS BY SECTOR

Source: Emissions data is from the IPCC's Fifth Assessment Report, Working Group Ill, 2014, and refers to shares of total global greenhouse gas emissions. The

How much CO2 do we generate?

Average North American's Annual Carbon Footprint
19.4 tons COZ2e/year (source: Berkeley Institute of the Environment)

https://www.2degreesinstitute.org

Services: 2.41 tons CO:e

Other Goods: 1.18 tons CO:e

Car Fuel: 4.61 tons CO:e
(GoodsfandiSenvices! avel

" Electricity: 2.97 tons CO:e

Eood,
Meat: 1.1 tons CO:e ‘l‘l
|

Natural Gas: 1.08 tons CO:e

Total: (19.4 tons/year) X (US Population)

Total: ~6.4 GtCO2eq for USA
ceforest@psu.edu / Earth Talks, 14 Mar 2022

split between cars and trucks in road transport emissions is based on the IEA’s Energy Technology Perspectives, 2017, since this is not given in the IPCC source.
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Part 2.1: Can we reduce?

Question 2: What energy pathways get to NetZero and beyond ?

From the IPCC Special Report on Global Warming of 1.5°C,
scenarios showing Energy Production per Year by Fuel Source

AlM 2.0 MESSAGE-GLOBIOM 1.0 REMIND-MAGPIE 1.5 MESSAGEIx-GLOBIOM 1.0 WEM
S8P1-19 S5P2-19 SSP5-19 LowEnergyDemand Faster Transition Scenano
(51) (32) i (S5) (LED) (IEA WEM)
(a) j @® Fossil without CCS ® Nuclaear
1000 4 | » Fossil with CCS WWind
& Biomass without Solar
e CCS » Other renewables
o -=== Biomass with CCS

=

2030 2050 2100 2030 2050 2100 2030 2050 2100 2030 2050 2100 2030 2050
ceforest@psu.edu / Earth Talks, 14 Mar 2022

—le
cJ

Primary Energy by
lllustrative Pathway (EJ/y)

»‘.
|

-

23



mailto:ceforest@psu.edu

Part 2.1: Can we reduce?

Question 2: What energy pathways get to NetZero and beyond ?

From the IPCC Special Report on 1.5°C Scenarios,
Energy Production per Year by Fuel Source
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Part 2.1: Can we reduce?

What is the plan to reach NetZero based on:
Reduce Source, Support Sinks, Improve Society?

s/%%
G
TS

n

Project Drawdown’s 100 Solutions by Sector (2017)

ceforest@psu.edu




The SOIUUOHS o Electricity . | MIN 197.7 | MAX 444.0

The Drawdown Solutions Framework organizes climate solutions Food. Aariculture
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Reduce Support [mprove
SOUTces Sinks Society

Bringing emissions Uplilting nature’s Fostering equality
LO ZEeTo carbon cycle lor all

Electricity p. 16 Land Sinks p. 52 Health & Education p. 68
Food, Agriculture Ocean Sinks p. 60

& Land Use p. 24 . .
Engineered Sinks p. 64

Industry p. 30

Transportation p. 36

o https://www.drawdown.org
Buildings p. 42

Other p. 48 The Drawdown Review (2020)
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The Solutions

2020

Minimum CO:-eq (Gt) Maximum CO:~eq (Gt)
reduced/sequestered reduced/sequestered
(2020-2050) (2020-2050)

= Min / Max COz-eq (Reduced/sequestered (2020-2050)

Electricity

Food, Agriculture
& Land Use

Industry

REDUCE
SOURCES

Transport

Buildings

Land Sinks

Coastal &

SUPPORT
SINKS

Health &
Education

IMPROVE
SOCIETY

@ ] MIN 122

] MIN 51.2 | MAX 104.2
(e MIN 73.6 | MAX 141.3

| MIN 1.1 | MAX 1.5

| MIN 2.2 | MAX 4.4

I miN 85.4 | MAX 85.4

Grand Total: Min 976.9 | MAX 1596.7
(in GtCO2-eq over 2020-2050 period)

MIN 197.7 | MAX 444.0

MIN 203.7 | MAX 274.4

.9 | MAX 149.6 ‘ Total: Min 649.2 | MAX 1113.5 \

MIN 239.0 | MAX 391.9

‘ Total: Min 242.3 | MAX 397.8 \

‘ Total: Min 85.4 | Max 85.4 \
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» We know we can emit up to a limit.

- We know the limit sets the global temperature.

» We know the impacts of climate change will get worse.
- We know there are solutions.

‘n_j PennState I
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» We know we can emit up to a limit.

- We know the limit sets the global temperature.

» We know the impacts of climate change will get worse.
- We know there are solutions.

« What future should we choose?
« What values do we use to make those choices?
» What stands in our way to make this work?

’ﬂ;‘ PennState I

ceforest@psu.edu / Earth Talks, 14 Mar 2022
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Reduce Sources TOTAL: MIN 649.2 | MAX 1113.5

Electricity Food, Agriculture & Land Use

1.5/ 26.0

Shift
Agriculture

Practices

Enhance

Efficiency

S04 Address Waste

& Diets
Shift Production 151.4 / 185.3
163.8 / 397.0
Protect
Ecosystems
40.8 / 6341
& Improve
the System
N/A
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Reduce Sources TOTAL: MIN 649.2 | MAX 1113.5

Electricity Food, Agriculture & Land Use

Industry Transport Buildings

Enhance
Efficiency

19.9 / 33.1

Shift Energy
sSources

Address

Refrigerants
101.3 / 108.3

Electrify 46.3 /108.4
Vehicles
12.0 /16.3

Enhance
Efficiency
Use 27.4/ 32.9
Waste
12.7 71 21.4

Improve Shift to

Materials Alternatives & Address Refrigerants

8.9 /19.9 19.3 / 54.8 N/A
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Support Sinks

TOTAL: MIN 242.3 | MAX 397.8

Land Sinks

Shift Agriculture
Practices

116.9 / 193.3

Protect & Restore
Ecosystems

78.1 7 120.1

Coastal &
Ocean Sinks
1.0/ 1.0 ?
Address Protect & Restore
Wastes & Diets Ecosystems
11/15
&
Use
Degraded
il Engineered Sinks
43.0 /776
Remove and
Store Carbon
2.2/4.4

Improve Society

TOTAL: MIN 85.4 | MAX 85.4

Health & Education

Health &
Education

854 /854
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Support Sinks TOTAL: MIN 242.3 | MAX 397.8

Coastal &
Ocean Sinks

?

Protect & Restore
Ecosystems
1.1/15

Land Sinks

Shift Agriculture
Practices

116.9 / 193.3

Wastes & Diets

Use
Degraded

L d . .
N Engineered Sinks
43.0 /776
Protect & Restore
Ecosystems
78.1 /120.1
Remove and
Store Carbon
2.2/44

Improve Society

TOTAL: MIN 85.4 | MAX 85.4

Health & Education

Health &
Education

854 /854

drawdown.org
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2020

The Solutions

The Drawdown Solutions Framework organizes climate solutions
by sector and by subgroup, within three overarching areas of

[ :’:22:;7;::0253 g&?&%&q&) action. Here, you see the potential emissions impact of each sec-
(2020-2050) (2020-2050) tor, as well as the solution subgroups therein. Using two different
scenarios of solution implementation, we derived the minimum and
X /Y = Min / Max COz-eq (Gt) reduced/sequestered (2020-2050) maximum impact shown here. (See more on scenarios below.)
Transport
Buildings and Cities -
g Grand Total: Min 976.9 | MAX 1596.7
Electricity | MIN 197.7 | MAX 444.0
Women and Girls @ . MIN 203.7 | MAX 274.4
3 Y & Land Use ' ’
O
oL industry IR MIN 122.9 | MAX 149.6
L
O
T ®» Transport 1 MIN 51.2 | MAX 104.2
= Buildings /I MIN 73.6 | MAX 141.3

Materials ‘ Total: Min 649.2 | MAX 1113.5 \

[ tandsinks [N v 239.0 | MAX 391.9
§ % Coastal & | MIN 1.1 | MAX 1.5

% % Ocean Sinks

S Engineered Sinks | Min2.2 | MAX 4.4

‘ Total: Min 242.3 | MAX 397.8 \

Health &
Eation I win 85.4 | MAX 85.4

‘ Total: Min 85.4 | Max 85.4 \

drawdown.org
ceforest@psu.edu

IMPROVE
SOCIETY
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Project Drawdown’s
100 Solutions

Wind Turbines (Onshore)
c. 2017

Refrigeration

Wave and Tidal
Multistrata Agroforestry
District Heating

Electric Vehicles
Concentrated Solar
Improved Rice Cultivation

Farmland Restoration
Wind Turbines (Offshore)

Clean Cookstoves

Reduced Food Waste

Plant-Rich Diet
Nuclear

Managed Grazing
Geothemal
Tree Intercropping

Tropical Forests
Conservation Agriculture

Afforestation

Replace
Educating Girls Red uce
Regenerative Agggg:}tgrssmar Family Planning Bi osequ ester

Silvopasture Solar Farms drawdown.orgd
ceforest@psu.edu

Tropical Staple Trees

Peatlands
Temperate Forest


http://drawdown.org

What is the plan to
reach NetZero?

Project Drawdown’s
100 Solutions

Transport
Buildings and Cities

Health and Education Food

Materials

Land Use Electricity
Generation

drawdown.org
ceforest@psu.edu / Earth Talks, 14 Mar 2022 ceforest@psu.edu
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2020-2050

TOP 20

PLAUSIBLE
SCENARIO

RANK SOLUTION

L © 00O N O O & WO N —

O© 0 N O Or b WON =+ O

N
@)

Refrigeration

Wind Turbines (Onshore)
Reduced Food Waste
Plant-Rich Diet

Tropical Forests
Educating Girls

Family Planning

Solar Farms
Silvopasture

Rooftop Solar
Regenerative Agriculture
Temperate Forest
Peatlands

Tropical Staple Tree Crops

Afforestation
Conservation Agriculture
Tree Intercropping
Geothermal

Managed Grazing
Nuclear

SECTOR

WEVEIEELS
Electricity
—00d
molele
_and Use

Women and Girls
Women and Girls

Electricity
Food
Electricity
molele
_and Use
_and Use
molele
_and Use
molele
molele
Electricity
Food
Electricity

REDUCED CO2-eq

89.74 G
84.60 G
70.53 G
66.11 G
61.23 G
51.48 G
51.48 G
36.90 G
31.19 G
24.60 G
23.15 G|
22.61 G
21.57 G
20.19 G
18.06 G1
17.35 G1
17.20 G
16.60 G1
16.34 G

16.09 G1



SOLUTION

Refrigeration

Wind Turbines (Onshore)
Reduced Food Waste
Plant-Rich Diet

Tropical Forests
Educating Girls

Family Planning

Solar Farms
Silvopasture

Rooftop Solar
Regenerative Agriculture
Temperate Forest
Peatlands

Tropical Staple Tree Crops

Afforestation

TOTAL (ALL 80 SOLUTIONS)

s
>
Z
A

O O 00 NO Gl o WIN| -

b | k| mmh | b | o [ b
gl WN -

PLAUSIBLE
SCENARIO

GIGATONS
REDUCED

89.74
84.60
70.53
66.11
61.23
99.60
99.60
36.90
31.19
24.60
23.15
22.61
21.57
20.19
18.06

1,051.01

RANK

OO O OINW O~ =D

b | b | mmh | b | b [ b
- 1 W N B

DRAWDOWN
SCENARIO

GIGATONS
REDUCED

96.49

146.50

83.03
78.65
89.00
59.60
59.60
64.60
47.50
43.10
32.23
34.70
33.51
31.50
41.61

1,442.27

RANK

N OO hVOVAE =W

SCENARIO

GIGATONS
REDUCED

96.49

139.31

92.89
87.86

105.60

99.60
99.60
60.48
63.81
40.34
32.08
42.62
36.59
46.70
41.61

1,612.89



2020-2050

TOP 20

DRAWDOWN
SCENARIO

RANK SOLUTION

L © 00O N O O &~ WO N —

O N O O b 0N = O

N
@)

Wind Turbines (Onshore)
Refrigeration

Tropical Forests
Reduced Food Waste
Plant-Rich Diet

Solar Farms

Educating Girls

Family Planning
Silvopasture

Rooftop Solar
Afforestation

Temperate Forest
Peatlands

Regenerative Agriculture

Tropical Staple Tree Crops

Geothermal
Tree Intercropping
Concentrated Solar

Clean Cookstoves

SECTOR

Electricity
Materials

_and Use

molele

molele

Electricity
Women and Girls
Women and Girls
Food

Electricity

_and Use

_and Use

_and Use

molele

—00d

Electricity

Food

Electricity

Food

REDUCED CO2-eq

146.47 GT

96.49 G
89.00 G
83.02 G
78.65 G
64.57 G
51.48 G
51.48 G
47.50 G
43.06 G
41.61 G
34.70 G
33.50 G
32.23 G
31.50 G
28.09 G
2091 G

26.01 G

24.32 GT



2020-2050 RANK SOLUTION SECTOR REDUCED CO2-eq

1 Wind Turbines (Onshore) Electricity 139.31 GT
2 Tropical Forests _and Use 105.61 GT
TO P 2 O 3 Refrigeration Materials 96.49 GT
4 Reduced Food Waste —00C 93.72 GT
5 Plant-Rich Diet olele 87.03 GT
O PTI M U IVI 6 Silvopasture olele 63.81 GT
/ Solar Farms Electricity 60.48 GT
SC E N A R I O 9 Educating Girls Women and Girls 51.48 GT
10  Family Planning Women and Girls 51.48 GT
11 Tropical Staple Tree Crops ~00d 46.70 GT
12 Temperate Forest _and Use 42.63 GT
13  Afforestation _and Use 41.61 GT
14  Rooftop Solar Electricity 40.34 GT
15 Tree Intercropping molele 36.62 GT
16 Peatlands _and Use 36.59 GT
17  Regenerative Agriculture molele 32.07 GT
18 Farmland Restoration molele 30.49 GT
19 Bamboo _and Use 28.63 GT
20 Managed Grazing molele 27.65 GT




What are the sources?

F-gases 2%
TS Agriculture
10% _

Commercial &
Residential _
13%
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